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Dortmund International [Interactive] Research Conference 2020 

The International Research Conference (IRC) at the Dortmund University of Applied Sciences 
and Arts took place on June 26th -June 27th 2020 for the 11th time. 

All information about the conference can be found on https://irc.go-study-europe.de/2020/ 

This year the conference was initially planned as the on-site event with guests from the partner 
universities in Bilbao, Leuven, Kaunas, Trondheim, Kiev, Ternopil, Zaporoshje, Astana, Almaty, 
as well as from the countries of Latin America, the Netherlands, Pakistan, Jordan, Palestine, 
Georgia, Tanzania and other countries. Due to the COVID-19 restrictions, the conference was 
held online. For this event a new portal under the domain “irc.digital” was created and implied a 
new virtual interactive format of the conference. 

Accepted papers were presented in the format of: 

- synchronous online presentations, followed by Q&A or panel discussions on presented
papers;

- asynchronous poster and video presentations, when participants could “visit” pre-
recorded and pre-uploaded presentations, authors of which were available for further
discussions in particular scheduled timeframe.

Social part of the conference activities was represented by elements like interactive lunch, 
presentation of the existing and upcoming projects and events, EuroPIM Quizz, where 
representatives of each partner should have described their universities to other participants and 
different surveys to hear from participants their opinions on the new conference formats. This 
feedback is summarized in the form of interviews and is part of the current proceedings. 

All participants, who registered and took a part in the conference could still benefit from the 
Dortmund IRC 2020 and have the access to all conference materials and recorded presentations.  

By making the event an online IRC we contributed a lot to the further internationalization of 
existing partners and expended the network by welcoming participants from the new 
organizations and universities. This year there were 113 participants from 18 countries, and a very 
high number of submissions - 42 submitted papers in total.  



It is worth mentioning, that there was a big team involved to make the conference happen. It was 
proved, that the online conference does not mean less interactive and we could include new 
elements and enliven the event with the new experience. A report on the “behind the online 
scenes” part is also a part of the current proceedings.  

In future, it is considered to evolve further academic events by implementing the hybrid format, 
where the elements from the online version will be implemented into the on-site event. Thus, it 
will be possible to involve even more researchers and partners into our conference and networking 
experience. 

The scope of the conference covered a wide range of topics. This goes beyond project 
management and covers the digital transformation, emerging technologies, the handling of 
competences and knowledge, the trends in higher education and insights into a sustainable project 
management taking the environment into account. The special quality of the research is the 
transdisciplinary and applied character. Many contributions show results from cooperation with 
industry and society.  

Lectures from Mexico and Chile also joined this year and were involved both at the Dortmund 
IRC and at the International Summer School. The two-day conference offered sessions on 
Education, e-Learning & Blended Learning, Environmental Management & Sustainability, 
Information & Communication Technology, Innovation & Entrepreneurship, Project 
Management & Sustainability. 

This conference has its own spirit and power since it was founded by our honored and very much 
missed teacher and friend Prof. Dr. Dr. h.c. mult. Peter A. Reusch in 2010. 

A special thank you goes to the organizing team, headed by Anna Badasian and Nargiza 
Mikhridinova, to the IT-Team, headed by Areej Aldaghamin, the whole EuroPIM team, the 
student support team, and all the active and supportive members of the team & IRC family. 

For the 6th time, the conference was followed by summer school in Dortmund, starting on June 
29th and ending on July 3rd. The summer school was taking place online was organized into the 
following 7 streams: 

• Automotive Software Engineering (Carsten Wiecher)
• Digital Systems (Markus Kuller, Ingo Kunold)
• Computer Vision (NASA, Jörg Thiem, Roland Brockers)
• Selected Perspective on Data Science (Stephan Recker)
• Lean Six Sigma (Stephan Weyers)
• Quality and Sustainability in Project Management (José Ramón Otegi Olaso)
• International PhD Summer School (Nargiza Mikhridinova)

In 2020 the conference had different sessions as highlighted above and various panel discussions. 
Presented papers were organized into the following sessions, covered on two days: 

Friday, June 26th: 

Keynote Speech: “Digital Design – Craft with Digital Material” (Kim Lauenroth) 



Session on Project Management and Sustainability (José Ramón Otegi Olaso) 

• If We Were the Rulers of the World. Part II: Areas of Global Tasks: Objects of a Project
Protecting the World Against Us (Dr. Werner Wetekamp)

• Emotional Infection of Management Innovation Communication Projects (Sergey Bushuyev,
Denis Bushuiev and Victoria Bushuieva)

• Project Sponsor and Steering Committee as Success Factors for Projects (Dorothee
Feldmüller)

• Operationalizing the Responsible Project Management Manifesto (Jose Ramon Otegi-Olaso
and Maria Eugenia Aguilar-Fernández)

Poster & Video Discussion Sessions 

“Project Management” poster room 

• Assessing Bayesian Optimization and Grid-Search Tuning of Hyperparameters in a Neural
Network Model to Estimate Reference Evapotranspiration with a Low-Cost Sensor (Juan
Antonio Bellido-Jiménez, Javier Estévez Gualda and Amanda Penélope García-Marín)

• Exponential Organizations and Project Management: A Review (Marina Díaz Piloñeta,
Adriano Mones Bayo, Guillermo Alonso Iglesias and Marta Terrados Cristos)

• Application of Structural Equations as a Measurement Model for Territorial Governance:
Evidence from Western Honduras (Oscar Meza Palma and Jose Maria Puente)

“Environmental Management & Sustainability” poster room 

• Analysis of the Influence of the Cleaning Frequency of Photovoltaic Panels on the Production
of Electricity (Joaquín García-Sanz-Calcedo, Gonzalo Sánchez-Barroso and Justo Garcia
Sanz-Calcedo)

• Environmental and Energetic Analysis of Hybrid-Powered (Pv-Battery-Generator) Irrigation
Systems (Joaquín García-Sanz-Calcedo, Gonzalo Sánchez-Barroso and Justo Garcia Sanz-
Calcedo)

• The Effect of Total Quality Management on the Sustainability of Jordanian Construction
Organizations Sector (Amer Al-Mukahal)

“Information & Communication Technology” poster and video rooms 

• Algorithm for Developing a Remote Monitoring System in Automation (Ia Mosashvili and
Salome Oniani)

• Information Technologies and the Formation of Intercultural Communicative Competences
of Students (Gulnara Zakirova)

• An Idea of Establishing New Information Systems in the Space of Georgian Vocational
Education (Nato Gaboshvili and Ia Mosashvili)

• Mobile Application for Controlling Smart House Remote Control System (Nora Kukhianidze, 
Anzori Babunashvili and Ia Mosashvili)

• Fab Lab Networks as a Promoter of Collaboration. Fab Labs Latin American Network Case
(Macarena Valenzuela, Pablo Ferrer and Mónica Arroyo)



• Virtual and Augmented Reality Technologies: Possibilities of Application in International
University of Information Technologies (Aida Tashtamysheva)

• Cloud-Based IoT Solutions for Air Pollution Monitoring (Denys Romaniuk, Joris Dieltiens
and Galina Shilo)

• From scans to a VR World that You Can Freely Move Inside (Michael Reiner, Sandra Pfiel,
Florian Tiefenbacher and Rene Schuster)

“Innovation & Entrepreneurship” poster and video rooms 

• Smart Lab Concept in Modern Scientific and Learning Space of Nanomaterials Science
(Anton Gorban, Sergii Tsololo, Leonid Akhkozov and Igor Danilenko)

• Innovation in Cars' Engine: A New "Green" Energy for Cars (Andrii Boiko)
• Impact of Project Governance and Information Technology Governance on Project

Performance (Mehwish Khalid and Rao Aamir Ali Khan)
• Competitor Analysis for Identification of Potentials for Innovative Care Platforms (Elisabetta

Mörz, Dominik Wiewelhove, Jelena Bleja and Uwe Großmann)

“Digital Transformation” poster and video rooms 

• Frameworks of Data Science Individual Competences for Project Management (Nataliia
Yehorchenkova and Oleksii Yehorchenkov)

• Actuator Simulation for HiL Test Environment (Hiago Cesar Lima Fonseca and Peter Schulz)
• Exploring Your Transformative Future: Adaptive Culture, Creating Change and Operation

Excellence (Katia Jimenez Agurto and Ala Nuseibah)
• Energy Audit Projects as an Example of a Business Ecosystem: Case of Ukraine (Olena

Verenych and Dmytro Hudoshnyk)

Session on Digital Transformation (Peter Arras) 

• Cognitive Readiness for Digital Transformation – CoRDiT model (Dr. Chinwi Mgbere)
• Entering the Area of Digital Transformation: Time to Redefine Public Sector’s Perception of

Risk in Relation to Innovation? (Kristin Helene J. Hafseld)
• Stakeholder’s Needs and Expectations in a Digital Local Suppliers’ Database for the

Tanzanian Oil and Gas Sector (Crisensia Gerald and Bassam Hussein)
• Designing a New Academic Course for Engineering Students on Medical Informational

Infrastructure (Olha Petrova, Peter Arras and Galyna Tabunshchyk)

Session on Education, e-Learning & Blended Learning (Stephan Weyers, Clara Decelis 
Grewe)  

• Overview and Assessment of E-Learning Ecosystems in Higher Education: Standards,
Strengths, Weaknesses, and Recommendations for an Enhanced E-Learning Experience
(Mauricio E. Camacho)

• Guidelines for Instructional Design in Virtual Education of Technological Universities
(Moramay Ramírez-Hernández, Aristeo Garrido Hernández, Omar Téllez Barrientos and
Angelina Díaz Alva)



• The ITSM and E-Views Software as Strategic Statistical Tool for Measuring Performance of
Average Costs of a Wood Trucking Enterprise in a Scale Economy (Adrian Elizalde,
Alexander Balankin, Aristeo Garrido, Jorge Rojas-Ramírez and José H. Cortés-Fregoso)

• Dynamic Managerial Capabilities: Key Factors to the Pursuit of International Opportunities
and Performance in Dynamic Foreign Contexts (Alexander Tabares)

• Learning Experience Through Project Management. Case Study: EMPLE-AP (Rodrigo
Latorre and Erina Guraziu)

Saturday, June 27th: 

Session on Innovation & Entrepreneurship (André Dechange) 

• Methodology for the Integration of Data-Based Models in Production Environments (Luis
Bustamante Arias, Vicente Rodríguez Montequín, Joaquín Manuel Villanueva Balsera and
Adriano Mones Bayo)

• Development of a Matchmaking Software System for Multiplayer Online Video Games
(Dmytro Kudelia and Natalia Myronova)

• Purpose is not Enough (J. Martin Granica)
• Humor in Intercultural Interaction (Henri de Jongste)

We say thank you to all authors for the contributions to the Dortmund International [Interactive] 
Research Conference 2020. The contributions are important – as well as the discussions – for the 
evolution of the community and the growing power to meet the requirements of the future. 

Greetings from the flow of strong projects! 

Christian Reimann, Carsten Wolff & Team 
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DORTMUND INTERNATIONAL [INTERACTIVE] RESEARCH 
CONFERENCE: FEEDBACK ON NEW FORMATS FROM 

PARTNERS OF CORE AND EXTENDED NETWORK  
OF THE EUROPIM CONSORTIUM 

Yelena Dyan*, Nargiza Mikhridinova 

yelena.dyan@fh-dortmund.de 
Institute for the Digital Transformation of Application and Living Domains (IDiAL) 

Dortmund University of Applied Sciences and Arts 
Otto-Hahn-Str. 23, 44227 Dortmund 

Abstract: During the Dortmund International Research Conference 2020 (further IRC), which 
first time took place online due to COVID-19 pandemic, 11 interviews with partners from the core 
(5 universities), extended network (Kazakhstan, Ukraine, Chile, Austria, Spain) and a 
representative from a German company were conducted. Results of the interview are presented 
in the form of main points. The main focus of the questions laid on identifying the level of 
experience and satisfaction with the IRC, its new format, and online portal. Moreover, interviews 
were aimed at collecting information about strengths and weaknesses of the conference as well 
as recommendations for further improvement.   

Keywords: consortium, online conference, online portal, COVID-19, network, user experience 

1. The Design of Interviews

All online interviews took place in a separate online meeting room and were conducted as semi-
structured interviews, where 8 questions were predetermined and 1 more question was aimed at 
getting additional feedback. Interviews were taking place on both days of the conference and 
therefore differ in amount of the obtained online IRC experience. 

Interviewees represent the core EuroPIM (European Partnership for Project and Innovation 
Management) consortium with representatives from universities in Bilbao, Dortmund, Kaunas, 
Leuven and Trondheim (Fig. 1), extended network of partner universities in Kazakhstan, Ukraine, 
Chile, Austria, Spain and a representative from the German company. Results of the interview 
are presented in the form of summary and overview of main points. 

Fig. 1. Graphical representation (logo) of the EuroPIM Consortium’s core partners 
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The way of collecting data followed the rules of data ethics which include asking for the 
permission to record the interview and using collected data solely for the research purposes.  
 
The list of questions for interviews was as follows: 

Q1. How many times did you attend Dortmund IRC in the past and how did you like it? 

Q2. If you attended before: What was the main strength of the conference and what would you 
have named as the main weakness and potential for improvement? 

Q3. What did you think when you first heard that we have to go online? 

Q4. How is your experience so far? What do you like and what is not so good from your point of 
view? How about the usability of the online portal? 

Q5. Do you have recommendations for the improvement of the conference? 

Q6. Do you think the format is an option for the future? Or would you recommend to go back to 
the format we had in the past? 
 
Q7. Did you attend online conferences already before Dortmund IRC? How would you describe 
the experience compared to this conference? 

Q8. What do you think about such conferences in general as an instrument for our international 
cooperation? Should the option of an online conference be part of our portfolio also in future? 
 
Q9. Is there anything else you would like to tell us? 
 
Further summary of interviews given by representatives of the network will be provided.  
 
2. Interview Results with the Partners from/of the EuroPIM Network 

Q1. How many times did you attend Dortmund IRC in the past and how did you like it? 

A1. The representative from the partner university in Spain has visited all conferences since very 
beginning, meaning this was online conference was an 11th participation. The most appreciated 
by the member of Consortium features of the conference have been till now close community, a 
good opportunity to share knowledge and experience and “get together”, and moreover interesting 
novelties every year: new ideas and new people from Project Management. (Spain) 

The representative from the partner university in Belgium has attended the conference for 4 or 5 
times and it was always a nice experience as the conference is of a small scale and its focus is 
“not only on the scientific part but also on the networking part”, as well as “synergy with other 
participants”.  

A partner from Norway has visited the conference for the 3rd time. For the participant from 
Norway this conference is always an interesting event, which brings together prospective 
researchers, established researchers and talks about such important issues as transformation and 
education. Moreover, the interviewee finds smaller conferences more convenient as it is possible 
to visit every session. 
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Another member of the consortium from Lithuania has been visiting the conference since 2013, 
whereas partners from the extended network have participated in the conference several times 
too. E.g., partners from Ukraine and Kazakhstan became friends of the conference since have 
visited it between 3 and 5 times and highlighted, that they like it for its focus on Project 
Management, as this topic “became part of their life”. Others highlight a special atmosphere of 
collaboration, friendship and networking at the conference, therefore, its online format caused 
some concerns and participants will be willing “to return to offline format very much”. 

Other representatives of partner projects in Germany, Spain and Latin America visited the 
conference for the first time, nevertheless they underlined its “good level and good audience”, as 
well as they found its online format “a good opportunity to join online in the conditions when 
travelling to Germany only for the conference would be difficult”. Particularly an attempt to cover 
networking part by offering such activities as an international virtual lunch was considered to be 
covered very good. 

Q2. If you attended before: What was the main strength of the conference and what would you 
have named as the main weakness and potential for improvement? 

A2. As the strength of the conference format till now were seen an easiness to participate, student-
friendly environment. Whereas not that much diversified group of participants is perceived as the 
main weakness, in terms that more different participates can bring more new ideas, perspectives 
and information into the network. However, this year at least two more new people were 
participating at the conference, which have presented very interesting for the interviewee topics. 
“It is serious but it is not very strict”, summarizes a friend of the conference from the Basque 
Country, Spain. 

Another good friend of the conference from Belgium confirms next strengths of the conference: 
“the family scale of the conference”, “an opportunity to a lot of people to have a say”, “young 
researchers and PhD students can easily present their works, […] which does not have to be 
perfect and scientific consequences are not so strict”. At the same time, the interviewee highlights 
that “focus […] on networking is a strength, but can also be a weakness”. 

A partner from Norway sees “open possibilities of digital contributions” as the main strength, 
and a friend of the conference from Lithuania underlines a “supportive and collaborative 
atmosphere providing great space to discuss research efforts, supported by both informal social 
events and more formal sessions” as the strength. Whereas “the academic level of publications” 
is seen as the main weakness, at the same time the interviewee wouldn’t recommend to change 
that as “as it might ruin the existing balance of the event.” 

Partners from Germany, Austria, Ukraine, Kazakhstan and Chile agree that the strength of the 
conference is diversity of people from various countries, possibilities of networking and 
concentration of project management professionals. A representative from Ternopil, Ukraine 
underlines an availability of the conference as the main strength as participation in the conference 
and further distribution of the proceedings are free of charge. 

At the same time, some partners highlight the lack of industry involvement into the conference, 
low number of keynote speeches and no indexation in research databases like Web of Science, 
Cross Reference or Scopus. It was also recommended to pay attention on share of “high level” 
papers as for journals and “working” papers, where only questions without answers are stated 
since “it would be good to have more of such papers, where one can listen to problems rather 
than solutions”. 

Strengths of the conference - some of opinions of partners: 
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• One of the strengths is that people are coming back, so you meet people again and you 
get to know them, you get familiar with them, so the level of work that you can do 
afterwards with them or even if you meet them online, it is a much easier conversation 
and much easier approach 

• The IRC Conference is a good combination of industry and university level, it is always 
worth it 

• The main strength of the conference is people, atmosphere and space of this conference. 
There is nobody between students and professors, - it is very easy communicating 
conference  

• What impressed me most of all, that organizers of IRC make from a student conference 
really research international conference. For me, it is the greatest achievement. I never 
saw such results before in any universities. There are a lot of vice versa results, when big 
conferences degrade to a lower level conference. And here, like student conference 
becomes international scale conference. It is really amazing. 

• Main strength of the conference is a financial aspect, meaning that participation and 
publication are free, opposed to other international conferences 

• Another strength is location of Dortmund. The city itself, its history and culture are 
attractive. Dortmund has very good transportation links with other cities in Europe and 
worldwide  

• One more strength is a friendly atmosphere. The team is very friendly, open and ready to 
assist, so there are no problems with participation or paper submission, opposed to other 
conferences sometimes 

• The IRC conference should be a good base for young people, researchers and PhD 
students to prepare short papers and be able to have them published without any fees.  

Weaknesses of the conference and improvement ways - some of opinions of partners: 

• There should be a higher number of participants from the industry, […] so that students 
can focus not only on academia, but have a connection to industry what will enhance 
their profession 

• Representatives from industry can bring forward issues that industry faces nowadays. 
Those issues should be brought into the community what can form, for instance, future 
PhD topics 

• There should be, at least, 2 key notes, one per day. Key notes should be presented in such 
way that they attract a broad audience  

• The quality of the presentations can be improved. With regard to quality, organizers 
should require more 

• The organization team should pay more attention to requiring from speakers the more 
careful preparation of the presentations, because some people prefer free style and some 
– fixed style. Therefore, the organization team should prepare a template for paper 
presentation.  

Q3. What did you think when you first heard that we have to go online? 

A3. The interviewee thought that it would be difficult to stay both days online but actually it was 
only necessary to get more knowledge about the tool used for the conference. Indeed, it was not 
that nice not to have an offline, face-to-face discussions and coffee-breaks, nevertheless, 
everything went well and better as expected. (Spain) 

Other partners got used to an online format, “nothing special, everything is online now”, they 
say. Of course, it is not seen as an absolutely positive change, as after the whole day having calls, 
interviewees experience “a headache from wearing headphones or trying to concentrate on the 
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computer all the time”. A partner from Norway highlights that an online format is “good for the 
environment” and “also good for students who attended this conference because they are able to 
contribute without having to travel”.  

In general, all partners agree, that an online format was the only format possible and it is better 
this way than cancel at all. Most of partners have participated already in virtual conferences and 
were skeptical or “had some doubts” about the online format of the IRC conference, too. They 
highlight, that the outcome turned for them a positive surprise. Here are some opinions of 
interviewees related to the question on the announcement of the IRC’s online format: 

• Looking at the outcome and how it was handled, that can be a very good option to turn 
into a combination of both, not only online and not only live, but a combination 

• […] with travel restrictions in place, it is nice to have an alternative remote way to take 
part in the conference still. 

• I think, this kind of conference should always be digital. There should be always an 
opportunity for people to attend in a digital way 

• My expectation was that “yes, it is the right direction”, because other conferences were 
postponed or canceled. That is the right decision to go virtual and make best out of this 
situation which is a very good leadership 

• It is a good option since people can get a lot of information from home 
• I have heard about this conference from the Project Management Association of Spain. 

At that time, it was already clear that the conference was going to be online 

Q4. How is your experience so far? What do you like and what is not so good from your point of 
view? How about the usability of the online portal? 

A4. An interviewee from the Basque Country has a quite comfortable presentation, and 
concluded, that the best thing about online conference is that there is no necessity to travel, since 
it takes some time to get from Spain to Germany. Therefore, it is possible to do some things that 
people do on a daily basis, e.g. answering e-mails, household activities, etc. However, it is more 
difficult to interact in the presentations; it is not possible to see people around and it leads to not 
so many discussions during and after presentations. 

A Belgian friend of the conference enjoyed the interactive lunch: “for such activities, it is 
important to have a group of people who sit together and interact with the audience; otherwise, 
it can be boring”, he concludes. This interaction was lacking by the interviewees from Belgium 
and Spain during conference sessions as participants tend not to switch their cameras.  

Another partner from Austria was participating in the video discussion session, where he prepared 
a video on his paper and then took a part in a discussion in a particular schedule time within the 
conference. Here is feedback to this new experienced format: 

• It was unusual because I did not have a speech which I am used to talk. But doing the 
video beforehand and then relying on that people are looking at the video, and then 
having kind of a discussion but people are going online and asking questions and it went 
on to a really interesting discussion, to completely different ways with good kind of 
exchange also, not only discussion, but exchange of information. And I hope I could 
explain it but I also got some new ideas within this exchange. Although, I think I wasn’t 
supposed to be the only person there with my video presentation, so I was lacking some 
of the colleagues which obviously could not make it.  

• “It might be problematic if three presenters are there and only one gets questions, then 
the others feel a little bit irritated, so I am not quite sure, but it depends on the number 

5



of topics it has. If topics work together good, this could be kind of addition. If you have 
different kinds of topics, only one gets questions, then the others not, it might be quite 
frustrating for the others.” 

Almost all interviewees found the online portal friendly, stable, easy- and comfortable-to-use and 
even “excellent” and deserving “6 out of 6 points”, whereas a Belgian partner found it “a little bit 
confusing” and recommended also to create a tutorial for using Zoom application, as not all 
participants could be familiar with that tool.  

Other partners, including those from Ukraine and Kazakhstan, were positively impressed by the 
digital conference portal, especially they liked “active now” feature. Further, some opinions 
regarding various conference formats are highlighted. 

• Interesting grouping of the topics into sections 
• Poster section: it was separated by rooms and the interviewee did not have time to visit 

all, there was lack of time. This should be improved to make it more comfortable 
• It is comfortable to have question session after the presentations, when everybody has 

listened to everyone, people can ask their questions with no rush, have discussions and 
make conclusions 

• One of the benefits of the virtual format is an attempt of people to do something different, 
e.g. instead of showing a PowerPoint presentation, one speaker presented a very-well 
prepared video. In this context, most people are trying to go beyond traditional ways of 
presentation 

• I thought that it was going to be less interactive and more boring. However, it was not 
the case. I liked an idea, in general, e.g. online gaming and thinking of all points between 
sessions 

• More interaction and interactive presentations are desired. Since the conference has a 
practical-academic mixed nature, not everybody is in the field and understands the 
details of the topics 

• Usability of the online portal is excellent, - congrats to the team who made it happen! 
Conference experience, as expected, lacks significantly the social part of actually meeting 
people and chatting to them during coffee breaks. 

Q5. Do you have recommendations for the improvement of the conference? 

A5. One of recommendations for the improvement of the conference was to shorten the length of 
the conference days, e.g. to only 5 hours per day. Another recommendation was to clear 
communicate how a participant should behave: e.g., that there was a need to check videos and 
posters in advance and only then go to the scheduled session for discussions, an interviewee 
named it a “culture of online communication”. 

A Belgian partner of the EuroPIM consortium underlined an importance to have a stable 
information on the digital portal, and even provide participants with all information (pictures, 
presentations) up-front. Here are some other highlights towards conference format improvement: 

• It would be good to consider different time zones while establishing: […] when activities 
started, it was still night in Chile 

• There is no information whom to contact, in case, a person finds something interesting 
and wants to participate there. It is also not mentioned, who is doing this - general 
information should be added, as it is just a matter of recognition 

• No, just to keep up with the idea. I am satisfied with the conference and delighted to 
participate there 
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Q6. Do you think the format is an option for the future? Or would you recommend to go back to 
the format we had in the past? 

A6. Interviewees believe that there is a need to explore a possibility to have a hybrid format of 
the conference (partly online), since to get people presenting papers without moving from one 
location to another is a good possibility. Therefore, two versions of the conference can be 
considered: with personal interaction (social part) and some parts of the conference are online. 
Here are some opinions which confirm a preferred hybrid format: 

•  To go back – no. I think, nothing replaces personal interaction. But, I think, mixture is 
always possible. Hybrid form is a way to go: incorporate people with online formats  

• Doing everything just online will not be successful. […] I would go to the traditional one 
or, maybe, a hybrid one. You have the physical conference, but at the same time have it 
open for everybody in a digital way, so that people from close by can attend physically, 
but people all over the world can do it from home 

• Due to changing pandemic situation, nobody knows about it and it is hard to predict 
anything. If thinking in a realistic way, there should be a combination of online and 
personal interactions 

• For the future conference, I would like to see it as a combination of online and offline 
tracks, in hybrid format 

• Hybrid model is possible. But, definitely, you shouldn’t cancel or eliminate the digital 
option. That’s my wish.  

• It depends on the audience: both formats have strengths and weaknesses. The main 
strength of the online conference is a fact that by offering this possibility, organizers 
facilitate the participation of students (Master, PhD) and researchers from different 
countries and universities in the situation when it is complicated to travel abroad 

• With a hybrid format, participants can choose whether they would like to go in person 
or, if they cannot attend the conference, they could join online 

Although, a hybrid format is a good solution in general, interviewees would prefer an offline, 
face-to-face format of the conference. This is what they say in regards to this subject: 

• For sure, I would prefer to go for a normal format offline IRC. For me, the best in such 
conferences is communication. This online format limited number of people with whom 
you communicate 

• Interaction that is possible in personal communication is missing 
• […] if the situation would allow, I would like to come back to the face-to-face format> 

distance and camera create silence space; this is not equal if people are together in one 
space 

• Meeting face-to-face is a “chemistry”, it was a missing part in the conference 
• […] once the situation changed, it would be good to have an opportunity of human 

physical meeting what contributes to establishing connections and networking 
• Please do not plan online as a permanent solution for the conference in future 😊😊 

 
Q7. Did you attend online conferences already before Dortmund IRC? How would you describe 
the experience compared to this conference? 

A7. Mostly, interviewees have attended only online seminars and meetings but academia gets 
used to it already. It is more comfortable and at the same time these online events are more or less 
similar, say representatives from Spain, Belgium and Chile.  
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6 interviewees out of 11 had already experience with online conferences, all highlighted that 
timing of the IRC conference was better, and in general it was positive and sometimes most 
innovative way comparing to other attended conferences. 

Here are some reflections on previous experiences of interviewees: 

• The worst thing is a long video stream, e.g. 8-hour events with 45-minute talks, therefore, 
people start to fall asleep 

• I have attended several conferences and the last one was VR Global Summit in Lisbon 
with around 10 000 attendees. That was kind of a little bit of a mess. The concept of main 
and breakout sessions did not work out. The timeline was broken several times  

• I did take part in online conferences before. I have also tuned-in to events that were 
organized in person with an online broadcast element. The best experience of latter I had 
so far were Google Marketing Live events. 

• Collaborations on papers can be established even online. On the level, we are operating 
on, we can make person connections also in a digital way 

Recommendations based on previous conference experiences are as follows:   

• One goal for a good online conference is to have timings in between where you don’t 
plan anything because most of the people have technical issues, have questions, have 
problems with the online part, so most of the planned presentations will take longer” 

• Another recommendation: to have a breakout session that is open all the time with 
sections where people can jump in and find people who are interested in the same sections 
for discussions. It can be parallel and people can jump in and jump out.  

• This conference mostly simply transferred usual offline to online. For the primarily online 
event, the online context of use should be considered for the entire concept of the 
conference. For example, in my opinion, participation in an online-only event should 
avoid creating more work for participants, like preparing food for interactive lunch. 

Q8. What do you think about such conferences in general as an instrument for our international 
cooperation? Should the option of an online conference be part of our portfolio also in future? 

A8. Interviewees consider an option of an online conference to be part of the EuroPIM portfolio 
also in future but before different “layers” of the conference should be thoroughly thought about, 
particularly to minimize the passive time sitting in front of a computer. One of suggestions here 
would be to have only half a day online.  

This type of interaction will be essential for networking, as “it is important in order to have the 
ability to speak even without travelling”. Moreover, online option helps to bring people together 
from different countries. Nonetheless, partners emphasize on a hybrid form, particularly as it is 
also a good way to keep network alive and “an instrument of international cooperation”; it should 
be an option for those, who cannot travel. 

The most valuable suggestion can be considered an idea of adopting conference scenarios 
according to the current travel situation: 

• I recommend to consider the worst case and the best case. In a better case, it should be 
a combination of personal and online interactions and in the worst case, it should be an 
online conference. In the best case, it should be a physical conference. Another 
recommendation was to be careful while preparing advertising materials and consider 
situation of each country individually 
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Some other opinions on including the new format of international research conference in the 
EuroPIM portfolio are as follows: 

• Getting in touch with people from different countries is a real benefit of this format. It is 
not about the content, it is about getting closer to each other, feeling connected all over 
the world 

• This kind of conferences are very-very important, because you have a lot of exchange, 
you hear a lot of solutions, new ideas which you can build up on. You see people who are 
working on the same topics. You can combine for projects, for kind of project works 
together, so that’s kind of a very-very important idea that I have and I try to join. 

• Networking is another strong aspect since of a researcher at some point cannot solve a 
problem alone, he/she can contact people whom he/she got to know in the conference 

• We should meet when there is a real need to meet. We should use these digital tools, 
especially in light of this environmental impact. I strongly suggest that this format should 
be used and offered. 

• Some elements should be included, e.g. story videos or video recording of presentations. 
However, keeping the format completely online is not a good idea 

• For future conferences, a possibility to join remotely could be a nice feature in case that 
is feasible and would not create too much trouble to organizing team. For example, our 
faculty plans to equip some auditoriums with tools for simultaneous synchronous in-
person and online teaching to facilitate international students who might not be able to 
join classes in person this fall. Such a setting could then be used to provide a possibility 
for remote tune-in while doing a primarily offline event. 

 
Q9. Is there anything else you would like to tell us? 

A9. As a remark, members of the Consortium add that it would be nice to work on such areas as 
voting, poster sessions, contest and online games as it was a new feature for the interviewee’s 
experience. It will be beneficial to have such different activities and in general to minimize the 
duration of an online conference, e.g., from eight hours to five.  

Besides highlighting the lack of personal communication and meeting face-to-face with the local 
organizing team, all interviewees were grateful for the conference organization on such a high 
level. Here are some highlighted opinions of interviewed partners: 

• In my opinion, it is a very well-organized event and everything is fine 
• In my opinion, the conference is running not bad. […] I compare my impressions from 

today, from last session which is continuously running, and other sessions in the morning. 
I think, they are organized very well, so no defects, no problems with speakers, no 
problems with interaction and I, also, was surprised that a lot of people were attending 
in the last session, about 24-25 people, because it is Saturday, etc.  

• [The Conference Chairman] said that it’s the first time you did it in this way. I think, 
exceptional job. 

• IRC is done on a very high level and I never saw such high level before, in online format. 
Announcements during the conference are very comfortable for participants to stay 
informed  

• Thank you for the opportunity to join the conference with such characteristics 
• It was his first time attending a virtual conference and it appeared to be more interesting 

than he was expecting 
• Sincerely thank you for making it happen despite the challenges! 
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Abstract: This paper presents a reflection about the technical realization of the Dortmund 
International Research Conference 2020, which took place virtually due to the COVID-19 
pandemic.  One of goals of this format introduction was to transform the format into interactive 
online conference. A summary of observations, which were made during the online conference 
moderation would be considered, as well as actions would be proposed, which could improve an 
implementation of conference online formats. 
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1. Creating the Online Scenes 
 
It was a first time after 10 years of experience or organizing Dortmund International Research 
Conference (further Conference) when it had to be organized online due to COVID-19 pandemic. 
All the features of the Conference were transformed to the virtual format. For that user stories 
from perspectives of participants from partner universities of the EuroPIM network in Bilbao, 
Dortmund, Kaunas, Leuven and Trondheim were created and analyzed before developing the 
concept of the online portal. Further it will be described what was behind those online scenes, 
which were faced by more than 130 Conference participants during its 2 days. 
 

1.1 Website 
 
To host the Conference online, a server for a website was created with the next characteristics:  

- Ubuntu 16.04 64-bit OS running Linux kernel 4.x 
- 8 GB of memory with swap enabled 
- 4 CPU cores  
- TCP ports 80, 443 accessible 
- UDP ports 16384, 32768 accessible 

 
For production environment:  

- 500G of free disk space for recordings 
- 250 Mbits/sec bandwidth (symmetrical)  
- Dedicated (bare metal) hardware 
- A hostname (irc.digital) for setup of a SSL certificate 
- IPV4 and IPV6 address 

 
The irc.digital website has included next functions: 

• Registration and profile creation.  
• Schedule overview (general and more detailed per day).  
• Information about papers and presentations (abstracts, posters, videos) 
• Information about upcoming events and projects 
• Information about social events 
• Helpdesk and FAQ 
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The portal was developed during one month with the team of 12 people. After the portal was 
ready, a video-tutorial was created to help its end users to get familiar with it. In case participants 
still would encounter difficulties, a page with FAQ was created and a Helpdesk team was 
available online starting from registration opening.  
 
After registration, participants could create a profile with a photo and contact information. 
Although an overview of participants gave a possibility to learn more about the community, not 
every participant used it.  
 
Schedule overview was the most important part of the portal. Here, in the main schedule of the 
Conference, all sessions were listed: online, poster and video sessions. The current session was 
highlighted with a button to join the session. In addition to this, the daily schedules also included 
social events and event pages, that gave further information about submitted papers, including 
abstracts, posters and videos.  
 
To keep the EuroPIM community updated, a page with new events and projects was created, and 
participants could get familiar with teasers and then join the session, where they could “meet” a 
contact person for that.  
 
Moreover, pages for online social events were created to maintain virtual “get-together” activities.   
 
The feedback for the portal was very positive, since it was easy to use and had no reported bugs 
or missing information. What errors were detected while using the portal, will be highlighted 
below. 
 

1.2 Online “Meeting Rooms” 
 

To join “meeting rooms”, participants had to click the links on schedule of the Conference portal. 
Throughout the Conference there was one main room, which was used for the main sessions and 
additional rooms for parallel sessions, where participants could select what to join: poster, video 
or rooms, where they could talk to coordinators of new projects and events. Therefore, the 
sessions could not be longer than scheduled, and would be ended after the planned time.  
 
It was criticized, that the use of one room was not practical, since discussions had to be stopped 
abruptly and the participants could not continue their conversations about the topic. This affected 
the social interaction, as well as the quality of the discussions. In addition to this, the comments 
made in the chat section were unavailable after the session was ended. By not using the same 
room for successive sessions, this problem could be avoided. One possibility would be to have 
several available rooms that are open for several hours, in order to engage in longer conversations 
and to meet for additional discussions.  
 
During the Conference, the helping team updated the “Join now” buttons of the timetable with 
the correct links for the according session. This caused a delay, when one session was started 
earlier than scheduled and did not fit with the provided links. Another error occurred, during 
parallel  sessions, when the same link was posted to two sessions. This way, participants of 
different sessions gathered in one room and were not aware of the mistake but could not start an 
effective conversation. After few minutes the links were corrected and participants in the rooms 
were instructed to rejoin their correct sessions.  
 

1.3 Discussions after Sessions 
 

Discussions after sessions were less vivid compared to offline discussions. Most presentations 
were followed by just a few questions. Therefore, a different strategy was tested during the second 
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half of the conference. After the presentation of papers of one session, all participants were invited 
to join a panel discussion about the presented topics, instead of asking direct questions to the 
presenters. The discussion was guided by the session chair. This resulted in more participation 
and a rather interactive approach, which brought more feedback than before.   
 

1.4 Helpdesk and Technical Problems  
 

During the Conference and one day before, four assistants were available to help participants with 
any technical problems regarding the online platform. To ensure availability throughout the 
Conference, a schedule was created to distribute the time shifts. For the first three hours a higher 
demand was expected and therefore all four persons were scheduled to help. The rest of the 
Conference was divided into timeslots for one or two helpdesk assistants at once.  
 
The helpdesk team was presented on the website with profile pages including their picture and 
different contact possibilities. Due to the short preparation time, it was not possible to implement 
an automated distribution of calls and tasks. Therefore, the Conference participants with questions 
had the possibility to choose the person they wanted to contact. This resulted in an uneven 
distribution of calls, with all questions direct to one person or the same question to several 
persons. The helpdesk got contacted via available listed by the helpdesk team channels. All 
problems that were addressed to the helpdesk were different from each other and related the use 
of an online Telco tool and the portal or computer settings.  
 
Several questions or technical problems occurred during the presentations or discussions, that 
were solved by advices of other participants. This caused some delay of the sessions. Some people 
had problems starting the presentation mode or seeing their own screen, while presenting. In 
addition to this, several audio problems have occurred. Two participants could not activate their 
microphones or hear other people. During screen sharing of a video, the audio was too low and 
not matching the picture. The video was not moving smoothly, so that the participants could not 
see the video in its optimal speed.   
 
2. IRC experiences 

 
During several questionnaires and discussions, participants were encouraged to give feedback 
about their experience with the Conference. The overall feedback was highly positive. 
Participants said they were “positively surprised”. 
 
Some advantages of online conferences became clear during the discussions: online participations 
made it possible to attend only those presentations and discussions, which matched fields of 
interest or research. This made the Conference attractive for those, who would otherwise not have 
participated or contributed, due to travelling costs and time consumption. This is one explanation 
for the bigger audience that was reached.  
 
Nevertheless, it was mentioned, that the promotion of the event had not been effective enough. 
Several lecturers had spoken to their students, who were not aware of the Conference. They 
suggested to inform all possible target groups and especially all Master students in advance about 
the event.  
 
The network was enhanced with additional participants that are not part of the EuroPIM network, 
since every participating university could promote the Conference within their network. For 
example, students of the University of Valencia joined the Conference for the first time, after 
being encouraged by contacts of the UPV/EHU Bilbao.  
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3. Conclusion 
 

The overall conference was a success and participants were satisfied with the result. Nevertheless, 
all participants would prefer to join an offline conference next years.   
 
As an initial idea for the Conference was to include preparation time before the beginning of each 
session, to introduce the presenters to the technology, it would it would enable each presenter to 
try the screen sharing option and check the functionality of their microphones and speakers. It 
might be helpful to offer this service, during a coffee break for the other participants.  
 
Regarding an uneven distribution of tasks for the helpdesk, for next conferences, it would be 
advisable to use a ticket system, directed at the whole helpdesk team. 
 
In general, it can be concluded that the Conference went mostly as planned with only minor 
problems. The proposals of the feedback can be used for further online conferences to improve 
the social aspects of interaction as well as the possibilities for scientific exchange. 
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Abstract: This assignment is part II of IV articles which have the target to show a direction how, 
who and in which way we should protect the world. The political tasks of our democratic 
governments are related to various areas but we can divide them in the part of national affairs 
(like education, taxes, unemployment) and in the part of world level (like climate change, 
overpopulation, reduction of the diversity of species). “The world was empty before – now it is 
full” states the Club of Rome because the overpopulation leads to the problem that we have to 
use all fertile land to live on or to produce food for us. This article deals with the areas we have 
to care about on global level; names and explains these areas. 
 
Part I deals with the reasons to start a project to protect the world. 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, bio diversity, pollution 
 
1. Introduction 
 
Part I of these IV articles shows how important it is to start a project protecting the world. The 
following chapters of part II describe 15 areas where the world can and must take care of itself 
sustainably and rationally. It should not be forgotten that many steps have already been taken. 
The introduction of democracy in a large part of the approximately 200 countries of the earth is 
already an immense step worth noting. If, however, mankind thinks only in the short term, the 
important problems will not be addressed by democracy either. Short-term issues are analyzed on 
television or in parliament, for instance to determine whether childcare allowance is set up or not, 
or whether the tax rate will be raised from X to X + 1, etc. Politics, people and the press reflect 
what people are currently interested in: short-term issues, urgent topics, interesting topics, nice 
subjects, in other words: issues that are currently having an impact. But long term and really 
important issues are usually only rarely to be found.  
 
 
The comprehensive education of mankind is also immensely important in this context. The 
number of countries without an education system is declining and the proportion of educated 
people in the population as a whole is increasing. Even in former emerging economies, education 
has now become indispensable. Most of us are informed about the problems of the world and try 
to help the next generation to work on these problems in some way. Another part of mankind, 
however, should think in a broader context and initiate actions that make a sustainable effort to 
ensure that all habitats and cohabitants (animals, plants and humans) continue to have a place on 
earth in the future. This group must be comprised of politicians, scientists, entrepreneurs, and of 
groups that understand, guide and act. Politicians, scientists, and entrepreneurs are certainly there, 
but most of these groups are thinking about the next election, the next revenue forecast, or the 
next scientific publication. To bring about a change, it is not enough for individual persons from 
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the three above-mentioned groups to raise a finger in warning. The changes towards sustainability 
must occur at a grass roots level, i.e. among the general population, and thus exert sufficient 
pressure on the three groups mentioned. However, education in this area is necessary and public 
work that demonstrates solutions. What is missing for us is a) more education, b) determined 
leaders of the world and then c) consistent action. 
 
2. Specific problems and their solutions 
 
The above-mentioned general hints are helpful for solving the particular problems already. It is 
also a requirement of these statements that we compile and work out a concrete list of the earth’s 
essential problems. This list could be extended easily. Here I only have named those that I have 
noticed myself or that move me personally. There are certainly other problems, and whether they 
are to be classified as global or not is to be decided by others. I am concerned only about the 
significance of those on the "world" level. I would like to respond to potential criticism of the 
selection of the areas of concern now: the list may be extended or shortened but let’s start now. 
For now, the following 15 points are based on my collected information or new ideas. 
The following chapters follow this list of selected 15 areas of global responsibility. 
• Our rivers 
• Rules regarding waste 
• Energy 
• How to govern the world 
• Freedom in the press 
• Returning land to nature 
• Reduce population growth 
• Extinction of species 
• Preservation of the oceans 
• Definition of a world language 
• Setting up a global information channel 
• Formation of states 
• Debt “hygiene” 
• Electoral “hygiene” 
• Solutions for the problems of nuclear energy and atomic bombs 
 
2.1 Our rivers 
 
In the past, we used rivers to transport ourselves or goods, as well as for drinking water. Rivers 
have always been very important to humans, for example as natural borders, for colonization and 
later for the mapping of boundaries. Movement on rivers used to work without pollution. It was 
done by means of human or wind power. For many decades, indeed for centuries, we have been 
using rivers to dispose of our waste products, especially if they are in liquid form. This has led to 
a situation where humans can still use the river for transport, but can no longer drink from them. 
Only by using complicated filter systems the water quality can be treated so as to be made potable. 
If we think of easy principles like “do not throw garbage away” that would not permit us to 
produce waste products and carry it away from our own immediate spheres of influence, it 
becomes clear that a sustainable solution cannot involve the disposal of waste in rivers. This 
applies invariably and comprehensively to all rivers and streams of the world.  
 
Solution: only fresh water to the rivers 
Aim: All the world's rivers may only be connected to pipes where pure water will flow into them. 
Rivers as simple disposal channels are no longer permitted. 
Time frame: 20 years to implement.  
Decision: Today and at world level. 
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Possible milestones: All pipelines into rivers through which effluent water flows must be closed 
after ten years. Tests are to be carried out after ten years at the mouths of large rivers or at the 
confluences of rivers. If the desired quality of drinking water is not attained, the previously 
defined sanctions are to be imposed on the state. Measurements conducted at the mouths of rivers 
and at borders are sufficient in 90% of cases, since all rivers should be clean. 
 
2.2 Rules regarding waste 
 
Since we are masters of our houses, we must ensure order. As regards the waste that we produce, 
we have household bins, in which the problem of disposal from our own yards is taken care of by 
the rubbish removal trucks. Ultimately, we hope that the rubbish is being recycled, but if it is 
burned or shipped to a different area or country, to be deposited there, then it would work out the 
same. 
 
From the point of view of the leader of the world, there are no neighbors or distant planets on 
which we can dispose of our waste. Although combustion partially removes the energy from 
rubbish, it leaves behind the waste in the form of ash or in the air. So, if we are thinking about 
waste disposal on a sustainable basis, this is only possible without air pollution and without 
contaminating ash. The theory of external effects gives us a solution that has already been applied 
with other concepts (the dual system, for example). If we consume/cause something, we must 
ensure that all negative effects are then remedied. 
 
The theory of property rights offers some solutions here. The binding introduction of rights or 
obligations makes the legal area clearer and allows the negotiation of solutions. In the example 
of home waste disposal, one could establish an obligation of residue-free waste disposal with the 
producer of the goods or by the consumer of the goods. For pragmatic reasons, the introduction 
of rules to be followed by the producers of goods is likely to be easier than controlling all possible 
consumers and their behavior. So, all packaging and all defective products must be taken back by 
the seller. For this to work, there must be some form of receptacle which can be used, as is done 
in the case of cans and bottles in Germany which are now rarely to be found discarded in natural 
surroundings. Dumping must hurt the customer, for example by making him have to do without 
a dumping receptacle and to have to cover the cost of disposal himself. The cost of disposal is to 
be determined by the seller from an economic point of view.  
 
Solution: Waste must be avoided by 100 % 
Aim: Producers of products are obligated to take back all product waste free of charge and 
subsequently to recycle it. This has to be ensured for the entire volume of production for decades, 
even during production phase. Garbage may not be burned, deposited or dumped. If a return is 
omitted due to the low importance of the product, a deposit system can be introduced. Places for 
return and deposit must be noted on the product. In the future, waste disposal will be financed 
through industry.  
Time frame: 20 years to implement. 
Decision: Today and at world level.  
Possible milestones: All products must be organized and labelled for their respective deposit 
areas, residual waste and return, within ten years. After another ten years, all landfills and waste 
burning are to cease operation. 
 
2.3 Energy 

 
The energy economy of most countries is based on the use of naturally occurring resources. 
Iceland with its geothermal energy or France with its nuclear energy are exceptions in electricity 
generation. In power generation in Germany (roughly 600 TWh), only around one fifth of primary 
energy is used. The total energy consumption is around 3600 TWh. This is not a question of exact 
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numbers, but of controlling relevant magnitudes. Germany now has a limitation on regenerative 
electricity generation (about 200 TWh), as the costs are high and more than a third have already 
been achieved, which is far more than comparable countries have. Nevertheless, we are only 
talking about a fifteenth of overall energy consumption. A drop in the ocean, but still significant. 
Power from wind, and especially the sun, is too little to produce the total of 3600 TWh. Moreover, 
cars, factories and heaters are not 100% electricity-based in their energy consumption. On the 
contrary, electricity plays no role here. 
 
The world population is growing exponentially; the former emerging countries are swinging 
towards being successful industrialized countries. People all over the world want to travel and 
move around as well as heating. A reduction in energy consumption is almost impossible. The 
natural resources are limited, over millennia they have been embedded and transformed and now 
we pump and excavate everything in seconds in earth time. That would not be a problem if it had 
no negative consequences. Then one would simply continue until all the supplies were exhausted 
and try to find something new. However, the use has consequences which have only been known 
for several decades and are still being disputed by some people. The combustion of fossil fuels 
releases CO2 and leads to a warming of the atmosphere. The consequences are immense for the 
climate, humans and animals. A precise scenario does not exist of course, but the first visible 
consequences are natural catastrophes such as the melting of ice summits and glaciers.  
 
Should a world government not stop it? Since there is none, this problem is only addressed 
rudimentarily. One reassures oneself with energy saving, knowing that this may only achieve 
marginal delaying effects. We pacify ourselves with regard to the inactivity of others or our own 
efforts. Many of us have already become quiet. But the problem is far from solved, and it is a 
global one that concerns all of us. Climate change is not regional or national. We have to do 
something. The world leaders must do something - that is important and urgent.  
 
What should the solution look like? It can only be a solution that is available worldwide, which 
can provide huge amounts of renewable energy. Without making long-term analyses, the 
following is clear: of the already known solutions, it can only be the sun which sends vast 
quantities of energy to our earth every day. We cannot possibly produce 3600 TWh with hundreds 
of thousands of windmills. We cannot use half the world to grow biomass. Tides and algae and 
water storage will not cover the world's energy needs. The Club of Rome already recognized this 
years ago. Many large conglomerates got on board with the idea to a small degree and have taken 
note of it, but at the same time have not really encouraged it. The share prices of RWE and E.ON, 
for example, clearly reflect despondency and inactivity. From my point of view, there is no other 
choice than to convert all possible energy users to electricity (electricity can be produced most 
easily from the sun and then transported) and to use the deserts of the world in Asia, Africa and 
America to provide the potential natural electricity which could be generated day and night all 
over the world. There are clearly questions like "How do we get electricity to Europe? What about 
my shares in oil companies? How can I continue driving my vintage car? What happens when it 
is dark at night? How can airplanes be powered up in the air with electricity?" But these problems 
are not as bad as those caused by climate change. We will only solve this if we have one direction. 
And the direction must come from the world leadership that must retreat from urgent pressing 
problems for some time in order to define the more important things.  
 
It should be clear to everyone that such measures will not be possible today or even in ten years’ 
time. But once the necessary decision of "no fossil fuels" is made, everything will start to move 
forward. And this decision will come to us anyway as an urgent problem at some point, when all 
the reserves are already burned up. So why not now? It has to be done.  
 
Solution: Energy: usage of solar energy 
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Aim: Fossil fuels to no longer be used. All energy consumers must be switched to electricity. The 
deserts are to be opened up with transport lines to consumer nodes. Solar power plants are to be 
of such a magnitude that all the energy consumption of the earth could be covered day and night. 
Storage systems (such as liquefied salts) are to be designed for night use.  
Time frame: 30 years to implement.  
Decision: Today and at world level.  
Possible milestones: Within 20 years, 50% of heaters, cars and industrial applications would be 
converted to electricity and 50% of electricity will be generated from the desert. Either further 
breakthrough inventions will have been made before this point, or after 30 years 100% of the 
desert would be used and no consumer is allowed to use any more fossil-based energy. 
 
2.4 How to govern the world 

 
As already described, important world matters are to be solved at world level. The US or NATO 
have more or less taken this role when it comes to the defense of states. They always have some 
reason for taking action if conflicts break out. However, there is a vacuum with regard to one-
world power, which the existing great powers only fill partially. But there is nothing official, 
nothing that works regularly and clearly. There is no delimitation of the world-level tasks and no 
real organization which could solve the important issues of the world. The UN could do it, but it 
is boycotted, kept small, or left dried out by missing membership contributions. Moreover, their 
job is more "human-oriented" than "world-oriented". Creating a functioning world power - 
whether from the UN or something new - can only work through the commitment of the great 
states, i.e. the G7 countries. To this end, the heads of countries would have to coalesce until a 
result is achieved. Which issues should be addressed at world level? Who is to lead this 
institution? Will there be a kind of supervisory board consisting of the most important heads of 
states? Are the rules laid down in principle to be legally binding? How must our constitutions be 
adapted? Do we allow majority resolutions in this supervisory board? Votes according to the 
population, GDP, UN-contributions for example? How will the individual states be broken down 
according to their competencies in their particular areas of the world, and will they accept a higher 
level of authority?   
 
It is of course extremely difficult to convince a confederation of states and ultimately, each 
individual that a minister of the environment is now working at world level and is no longer 
national, or that an attacking army is now controlled at world level and is no longer national. 
There must be intelligent solutions and I part IV of this line of articles I will try to describe how 
it might work. 
 
Solution: World Government should be established 
Aim: The initiative of some great leaders must be the initial impetus to generate an optimal 
solution for a world organization. This new organization then develops the resolutions for the 
individual issues to be solved at world level, and monitors them through project control over the 
coming years, and uses sanctions when forced to do so.  
Time frame: Five years to implement. 
Decision: Today and at world level. 
Possible milestones: Within one year, the initiative of the 5 or 10 largest heads of state should be 
coordinated. Project management must be implemented. 
 
2.5 Freedom of the press 
 
Freedom of the press is a great asset. Nevertheless, the press is widely used by states to make 
propaganda for the purpose of state governance. I propose that the most important state 
broadcasters of all countries agree to press surveillance. False notifications are first to be brought 
to the attention of the broadcaster and the opportunity to correct the information is given. 
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Otherwise, counter statements will be published over the internet by the press monitoring body. 
The press would ideally be decoupled from state ownership. However, many state broadcasters 
do keep standards high and pay attention to much more than commercials and advertising time. 
An owner's expropriation would therefore go too far from my point of view, but the truth must be 
said. The matter of press freedom is not of comparable importance to the other points in these 
statements in my view. Nevertheless, the power of targeted propaganda is not to be 
underestimated. Incorrect information leads entire nations on the wrong path. 
 
Solution: Freedom of press 
Aim: True information is the world population’s right, even if dictatorial state leaders want to 
filter and manipulate the world of information. There should be press monitoring at world level, 
which takes them to task and if necessary ensures that correct information reaches the people.  
Time frame: Five years to implement.  
Decision: Today and at world level.  
Possible milestones: Establishment of press monitoring after just one year. Recording of state TV 
after another year. Establishment of a technical and information-oriented basis for the comparison 
of true and false after another three years. 
 
2.6 Returning land to nature 
 
During the last millennium, people have made the earth a habitable place, colonized and sowed 
seeds. The surfaces of the earth become sealed off or suffer from monocultures. Old animal 
species are displaced. We push everything back, because we ourselves need space - we 
purposefully wipe out what threatens us, and moreover it happens unconsciously that we kill 
species and it is considered as insignificant. We criticize Brazil and other countries that are 
clearing out their virgin forests, but it also happened in a similar way in other parts of the western 
world.  
 
It would be fair if we were to depopulate parts of our countries and let them return to their nature 
state. Of course this is particularly difficult and will certainly be most controversial. For example, 
what concerns us directly as Europeans is perceived differently by us if it happens in China. I find 
it appropriate to return 50% of all our lands to nature. The time horizon must be vast here and the 
formulation of the concept would be complex and the costs high. But is it not our job to think 
beyond merely ourselves? We have taken the earth for ourselves so consistently that we must 
consistently give back if we want to grant rights to nature. I consider returning 50% to be 
reasonable. A simple number, still far too much for one species (man), but compared to today a 
clear improvement in favor of nature. My demand is therefore that we can, in 50 years for 
example, depopulate 50% of each individual country's surface and let it become wild, it can no 
longer be entered, hunted in, or cultivated, but must be left alone. Newly built houses and factories 
must continue to be profitable for the next 50 years. However, no further renewal is required.  
 
Solution: Return land to nature 
Aim: So far people have selfishly taken all the land for themselves. Now, in a sustainable natural 
world, 50% must be returned in each country 
Time frame: 50 years to implement.  
Decision: Today and at world level.  
Possible milestones: The area to be returned is to be defined within five years. After 40 years, 
50% of the space should be empty. 
 
2.7  Reduce population growth 
 
We only have one world. We cannot travel beyond it. If we continue to grow as we are currently 
doing, we will not survive further millions of years. We are around 7.5 billion people. Continuing 
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this growth in the same direction will sooner or later lead to the fact that the entire surface of the 
earth will be populated by humans. If we also consider the increase in life expectancy, which will 
rise enormously due to the constantly improving medical technology and improved nutrition, as 
well as the reduction of wars in the world, then a serious scenario will certainly arise. Even if 
every human child is worthy of protection, a world leader must look at what is acceptable to the 
earth itself. Of course, the Pope can continue to prohibit contraception or human rights 
organizations may see the rights to have as many children as wanted as inviolable. But both 
approaches will lead to problems. The current leader in population growth is probably India. In 
2050 there could be as many as 1.5 billion Indians. This is about 60% of the people who lived in 
the entire world in 1945. A responsible world leader must be able to seriously address population 
growth. Perhaps the states should set the maximum number themselves in a range around 20% 
growth starting today? Or would it be conceivable to give all countries a fixed total of 10% growth 
as of today? The description of the situation took much more lines in my text than the part on 
possible solutions. This can only be a “stop!”, a stop within a certain range. No more must be 
allowed. Stop. If not, we ruin ourselves and the whole planet.  
 
What measures will help us here? Education is my first priority. States with high levels of 
education have declining birth rates. China sets clear targets for the number of children per couple. 
If children continue to be seen as a guarantee for old age in some countries, then the blessing for 
further children will be pre-programmed. Free contraception: Yes! In Germany, there are tax 
advantages for children. I know of some conversations that some families living within the social 
network in Germany are improving their livelihoods by having many children. In this case, the 
funding must now be reversed. For example, those with more than two children for example, 
should be taxed considerably and favored less for social welfare in all countries. This is a very 
delicate issue because the defined financial minimum for a normal life cannot be undercut easily. 
Perhaps you can find an “average financial provision”. High rewards for one child, average for 
the second child, below average for the third child, so that with three everything works out on 
average.  
 
The next step is to work out a settlement policy. No new building areas or any further settlement 
of uninhabited areas may be permitted. For some countries, excessive population growth is 
already a problem. Hunger, unemployment, feuds, and crime are the consequences. This is 
probably the biggest problem: how to get a grip on states without a functioning government. This 
task has to be taken care of no matter what. It cannot go on like this.  
 
Solution: Population Growth must be reduced 
Aim:  A world dominated by people must save itself and set a maximum population number for 
each state. Tax policies, schooling, social assistance policies, contraception, children per family, 
pension schemes, and finishing of additional settlements are possible measures.  
Time frame: 30 years to implement.  
Decision: Today and at world level.  
Possible milestones: Specifying the maximum number of people per country after one year, 
compulsory schooling in all countries within ten years, taxation and social policy legislation 
reversal after five years, monitoring of the target after 20 years, full achievement set for 30 years. 
 
2.8 Extinction of species 
 
Many years ago, sadness seized me with the news on TV that the last Chinese freshwater dolphin 
was sighted a few years ago and can now be considered extinct. This animal species has been 
living in Yangtze for millions of years and within a few years man has managed to destroy its 
habitat. Species have indeed always become extinct and new ones appeared. But just as oil or coal 
reserves slowly build up and we consume them in earth seconds, flora and fauna have developed 
over billions of years and a species, which from its personal point of view is especially intelligent, 
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man, has extensively and massively eliminated everything that is disturbing and dangerous in only 
a few centuries.  
 
The reasons for this are manifold and go hand in hand with the growth of population, and only 
due to our growth we came so close to plants and animals that we have already exterminated many 
of them. Not all people who are guilty in the sense of species reduction are aware of their guilt, 
or only marginally so. No one is alone in this regard it is the overall mass of humanity that is 
responsible.  
 
The individual cannot see it (and sometimes also does not want to) and the population thereby 
further grows. So, palm oil, soy beans and wheat must be further purchased from mono cultures 
for their consumption. The national economy speaks of balancing supply and demand. Everyone 
wants to eat, be warm and live: so, we take everything that we need from the earth, not looking 
into the future and not learning from the past. But if we do recognize future and past, we as human 
beings have a special habit: we are able to push it to the back of our minds...  
 
We can only regret the past and thousands of extinct and threatened species, but we can still 
influence what lies in the future.  
 
There are only two effective ways to prevent species from dying: to reverse our population growth 
and to return habitats to other species. This is supported by the inclusion of the interests of animals 
and plants in the policy of the previously described institution in each country with veto rights in 
the legislation. All these points have already been mentioned and discussed in the context of these 
considerations. I do not believe that zoos and seed banks for plants are able to counteract this 
extent of species dying, especially since most species cannot be kept or shown in enclosures. 
Insects and fungi and lichens are as important to the world as the more visible animals, which can 
be better and more plausibly advertised for animal protection, e.g. elephants and lions. 
  
We have to return their habitat to these species, depopulate and renounce the land. There is no 
other alternative. 
 
Solution: Reducing the population, taking care of the interests of plants and animals at a 
governmental level, and returning land to plants and animals 
Aim: The co-inhabitants of the world must be protected by the people.  
Time frame: Immediately and for up to 50 years. 
Decision: Worldwide. 
Possible milestones: see the other three points. 
 
2.9 Preservation of the oceans 
 
70% of the world is covered with oceans. People continue to fish for what they can, even bans are 
bypassed by "scientific analysis", and Japan continues to hunt whales. In Costa Rica, sharks are 
eradicated off the coast because of the sexual potency-increasing fins. Surely there are already 
scientifically founded concepts and agreements, regarding what can be caught and to what extent. 
The implementation must be strictly observed and sanctioned by the world as a whole. It must 
hurt if it causes hurt. If a state does not adhere to the rules, the entire economy must be isolated. 
We must be allowed to catch fish, yes! But only in such a way that there are still fish in the future. 
There can be no compromises.  
 
In addition to the overfishing of the oceans, pollution is a major threat. Again, there are many 
analyses and organizations including Greenpeace that must be thanked as they draw global 
attention to specific problem areas, e.g. to the dumping of waste. Here too, immense penalties 
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must be imposed on the contracting authorities responsible for the dumping, the shipping 
companies who do the dumping and the states where these businesses thrive.  
 
Solution: Preservation of the seas 
Aim: Existing regulations with disproportionately painful penalties are to be imposed on all 
parties who are directly and indirectly involved.   
Time frame: Five years to implement. 
Decision: Today and at world level.  
Possible milestones: A comprehensive network of surveillance must be introduced within five 
years. The costs are covered by immense penalties that are to be imposed.  
 
2.10 Definition of a world language 
 
The demand for a uniform language is more than obvious for the effective implementation of 
global goals. This would be a language that would make the whole world as one, which all 
understand and which would allow everything to be communicated. It could be a language that is 
already used. It should be a simple language, and it should be used by many states already. There 
are many world languages, but it must also be easy. It is obvious to think of English in this context, 
because it has gained worldwide recognition in addition to regional languages. Within 30 years, 
everyone should get the chance to learn English. It does not have to be at the level of Shakespeare. 
At the same time, the regional or national language should be maintained and spoken. This is 
culture and home and the joy of speaking our native language. A world language is simply a 
practical measure. 
 
Solution: Establish English as a world language 
Aim: In 30 years, all people under 30 should be able to speak English 
Time frame: 30 years 
Decision: Today and worldwide 
Possible milestones: Selection of the world language English, English as a foreign language 
subject in ten years in all schools around the world. 
 
2.11 Setting up a global information channel 
 
If we want to include global issues, we also need global communication. We need to provide 
information in all the languages of the world on TV, the Internet and social networks, the radio, 
etc., so that the problems and solutions are understood and propagated. Intentions, objectives, 
desired effects, and the consequences of inactivity must be communicated. Regional counter 
statements may have to be made if the state press delivers false reports. If messages are one-sided, 
people must be offered a balance. In their language, in their media which they use and understand.  
 
Solution: Worldwide info channels applicable to individual regions (language and content).  
Aim: To reach all people, including those in totalitarian states 
Time frame: Ten years 
Decision: Worldwide 
Possible milestones: Decision within five years, establishment of all channels (radio, TV, internet) 
after ten years 
 
2.12 Formation of States 
 
The decision which country should/can/may be constituted, should be left to the country itself 
(Basque country, Ireland...). A commission should be set up to assess the history of whether a 
country was a country at some time in the past. The commission must be independent of the 
current "motherland". It should cost money so that everything is not too easy. There should also 
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be the requirement of a 70% majority in a vote for the creation of a state in three different polls, 
each of them five years apart. The size of a state should include at least one million people. 
Countries that are occupied (for example the Turkish half of Cyprus) are to be demilitarized and 
allowed to stay to themselves for five years. Then the region itself is to decide in an election, to 
which state it wants to belong, or whether forming its own state would be a solution. A world 
authority should be set up and all regions of the world scoured for problematic regions. It is not 
enough to question the current states, for example, Spain reports "Everything is okay", while the 
existing problems in Morocco or in the Basque country are not being addressed. After a vote in 
the region the countries must be redesigned or not, as the case may be. The authority may be 
subsequently dismantled. Countries cannot be redesigned and organized every two years. This is 
inefficient. But after a time window of 30 years, such a procedure may be repeated and perhaps 
borders will break up or new identities will be formed. 
 
Solution: Countries with more than one million inhabitants should be able to hold a democratic 
election.  
Aim: Free voting of the population in a region on which country they want to belong to. 
Time frame: Ten years after the establishment of a corresponding world authority. 
Decision: Today and at world level 
Possible milestones: All “potential” countries must be contacted in five years and the process 
completed within ten years. 
 
2.13  Debt “hygiene”  
 
It is not permissible for generations of politicians to leave debts within their borders (during their 
election period) which must be repaid by subsequent politicians or generations. An exception is 
investment which is proven to offer more return on capital than the invested capital. Gifts such as 
children’s, parents' or pensioners’ allowances cannot be financed with debt. Existing over-
indebtedness must be dismantled without leading the state to the limits of endurance. The 
acceptance of the debt instrument has led to all states currently being in the red. The function of 
an overdraft facility on our private giro account should not be to always go over the limit, but 
only in exceptional cases to have funds available for investments. Many people (and all countries) 
use the possibility of debt in order to live beyond one’s means. This should not be allowed for 
countries. To take a loan should not be possible; only a self-financing basis (through taxes) should 
be allowed. The old debt has to be reduced continuously over 50 years at 2% per year. 
 
Solution: No new borrowing, long-term reduction of old debt 
Aim: Termination of the "new debt" instrument at state level. 
Time frame: Immediate termination of assumption of new debts, all old debts to be eliminated 
within 50 years. 
Decision: Today and at world level.  
Possible milestones: Debt bans are to be implemented worldwide in ten years, debt is to be 
reduced by 50% within 25 years. 
 
2.14 Electoral “hygiene”  

 
A lot of energy is lost on the way to improving the global situation at different levels because 
elected politicians do not implement what they have announced to voters. This is ridiculed and 
criticized but considered normal in all countries. I think that one has to attach great importance to 
this phenomenon because so much momentum is lost that would be useful to really improve the 
world. Implementing these many promises would mean the end of stagnation and would force 
politicians into an electoral “hygiene”. Specifically, politicians would have to formulate their 
program in writing on two pages. One year after the election and three months before the next, a 
neutral commission will assess the performance and clearly show whether the promises are being 
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upheld using a traffic light system. This function must be carried out neutrally by a world 
organization in order to prevent manipulation. The voters and, in particular, the counter parties 
can use this traffic light evaluation. It would affect the enunciation of promises in general and the 
intensity of the effort applied after the takeover of the new government. 
 
Solution: Traffic light system implemented to assess compliance with electoral promises. 
Aim: Establishment of a world organization to monitor electoral promises 
Time frame: 7-10 years after the introduction of the world organization 
Decision: World level 
Possible milestones: Establishment of the organization in two years, first report on the level of 
compliance with the promises within five years. 
 
 
2.15 Solutions for the problems of nuclear energy and atomic bombs  

 
The idea of nuclear power was intended for military purposes right from the beginning. The use 
as an energy source followed and was promising. In fact, the contribution to CO2 reduction is 
immense, but the technology is not 100% controllable, and in the event of an accident the impact 
is too serious. From a planetary perspective, however, I believe that with a conversion of the 
energy supply to 100% nuclear energy from the 1990s for example, the world would have done 
much better with respect to climate change. But this use of nuclear energy has its own residues: 
so even without accidents, the nuclear waste will last thousands of years. So there must be better 
and less dangerous solutions. Parallel to the implementation of solar energy, nuclear energy 
should be reconstructed and together with atomic bombs sealed 1000 meters below the ground in 
old mines. This technology is too dangerous. 
 
Solution: Completely dismantle nuclear energy production concurrent with the expansion of solar 
energy. 
Aim: No nuclear energy and no more nuclear bombs 
Time frame: 30 years 
Decision: World level 
Possible milestones: End its use within 30 years and completion of safe closure within 50 years 
 
 
3. Closing 
 
Issues such as energy policy, population growth, information access for all, sanctions policy, 
depopulation policy and cleanliness must all be raised to a democratic world level. Otherwise the 
current organizational principle of national solutions leads to hide behind others, to blame others, 
to solve problems for the own nation by moving the problem to other nations and so on. Some 
believe in contracts, conferences and meetings but we had this already and no real changes to 
protect the world can be observed. The following part III of this series of articles will care about 
the main principles a project must follow to achieve targets in the named 15 political areas. 
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Abstract: The article deals with the problems of emotional infection of the stakeholders of the 
innovation communication projects in a crisis. In the process of managing innovative projects, 
managers try to model creative behaviour and are based on creative technologies. Emotional 
infection is considered as a social and psychological mechanism of transferring the mental 
mood of the manager to other stakeholders of the innovative communication project, emotional 
impact in the face of direct contact, and the inclusion of the individual in certain mental states 
that affect the effectiveness of management. The main object of creative technology is the 
manager or group, the task was to educate, educate and create the organization of new 
behaviour in adverse, deadly and aggressive external conditions. In times of crisis, the 
emotional behaviour of the innovation communication project manager and his infection with 
the project team is exacerbated by external uncertainty. The stakeholder infection model is 
based on an understanding of the life cycle of the project manager, which is presented as a 
curve for personal changes of the manager of innovative communication projects and 
programs. Emotions are considered in content, reflecting the various aspects and meanings that 
caused them. To apply the psychophysiological formula for assessing the impact of the 
emotional state of the stakeholders of innovative communication projects, these influences have 
been transformed into a competent model for managing these projects. Examples of changes in 
the competence of the manager and the project team in the case of a wall and asthenic emotions 
are given.  
 
Keywords: emotional infection, communication projects, the innovative project, stakeholders 

 
1. Introduction  
 
The vast majority of human-created technologies are based on the imitation and copying of 
various natural processes and phenomena. Innovative technologies and projects are no 
exception. In management processes, teams try to model the creative behaviour of managers and 
build on the deep historical traditions of different cultures. Previously, the main subject of 
various innovative technologies was a separate manager or group, the task was to educate and 
create the organization of new behaviour in adverse, deadly and aggressive external conditions. 
The traditions of these schools cover various aspects of activity: philosophy, commerce, 
intelligence, diplomacy and politics. Due to the rapid development of information technologies, 
a new association has emerged, which is to use computer systems and networks more deeply in 
innovative activities: artificial systems, databases, processing of large amounts of data and 
emotional intelligence. The trend of such penetration is growing and expanding, so there is a 
need for a new organization of innovative activities with broad involvement of information 
technology and management of emotional intelligence.  
 
Creatively, innovative thinking is the most valuable, open-ended part of human thinking that 
manifests itself in the form of certain emotions. The health of innovative thinking is a delicate 
balance between the order and the chaos of stakeholder behaviour. Behaviour is often 
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manifested through a variety of emotions. Scientific advances in this field are limited and far 
from complete, but at the same time, several common features inherent in this process and the 
behaviour of innovative project managers can be distinguished. Mission (goal structure) is 
defined as the result to which the activities of managers are directed. The goals are arranged in a 
certain sequence, which regulates the rational and emotional activities of the manager. As soon 
as one of them is reached, a new one arises and so on until the final goal is reached. Each step 
towards the main goal has a local purpose. Therefore, thinking can rationally organize (profile) 
the mission. Such an organization serves to manage actions in an innovation project. Many 
goals and stages of their achievement are profiled in the form of a graph having the structure of 
a tree. The behaviour of a modern project manager is organized in such a way that thinking is 
the cause, and action is the consequence (think first, then do it), though it is often the other way 
around. The peculiarity and a priori uncertainty of the innovation goal is its new quality. In turn, 
the innovative qualities of the purpose of the concept are relative and depend on subjective 
evaluation, experience, erudition, emotional intelligence, the benevolence of expertise, public 
recognition.  
 
In times of crisis, the emotional behaviour of the project manager and his infection with the 
project team is exacerbated by external uncertainty. This paper extended research [1].  
 
The statement of the research problem. The paper examines the model of emotional infection of 
stakeholders of innovative projects and programs in a crisis environment. 
 
The purpose of the article is to formulate a model of emotional infection of stakeholders of 
innovative projects and programs in a crisis to form rational structures and management 
processes.  
 
2. Existing Methods of Innovation Communication Project Management  
 
Human consciousness contains and uses a wealth of data and knowledge. Human nature reveals 
the taste and needs to acquire new knowledge and apply it to behave in a new way, 
circumstances and situations arise every minute. In general, intelligence can be modelled by a 
pair of sets, or a set of facts and rules, or methods of applying them to achieve a goal. This 
model was called productive and was used in the early stages of artificial intelligence 
development [2, 3]. Examples of facts and rules: fact - work is paid; the rule is that if you do the 
job, you can be rewarded. Here, the rule is conditional: if a condition is met, then some action 
will occur. The rules establish the necessary sequence of cause and effect to achieve the 
intended consequence, that is, the result. The facts and rules have different complexity and are 
organized into a knowledge base. To achieve this goal, you need to be able to link complex sets 
of facts and rules. The mission of innovative projects is often unclear, so intermediate goals are 
also vague, if they are bound by fuzzy rules, the task of achieving such a goal is significantly 
complicated and unclearly achievable [3, 13]. This circumstance influences the emotional state 
of the manager and requires certain competencies to handle uncertainty in the context of 
emotional infection of stakeholders. This creates the conditions of creative risk. Such risks are 
critical in times of crisis when an innovative project is adversely affected by external factors [4, 
5]. Here, it is almost impossible to abandon the simplification, the selection of the main, most 
essential features of the facts and rules and the rejection of minor ones [17, 18, 19]. 
 
Elaine Hutfield [20] divides the process of emotional infection into two stages. 
 
Step 1: We imitate people. For example, if someone smiles at you, you smile back, and often 
this happens beyond our will. 
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Step 2. Our own emotional experiences change based on non-verbal signals of an emotional 
nature. For example, a smile helps you feel happier, but a gloomy expression on your face 
spoils your mood. 
 
Emotional infection is closely related to empathy, although these concepts do not fully coincide.  
In addition to Elaine Hatfield, psychologists John Casciopo and Richard Rapson [20] also 
studied emotional infection. Their research has shown that the conscious evaluations that people 
give to their experiences depend heavily on what others have said. The intensity with which this 
phenomenon manifests itself is influenced by several factors: how much a person is dependent 
on others socially, the strength of the connections within the group in which it occurs, the 
personality traits of a person, many demographic characteristics.  
 
As mentioned above, to share the emotions of other people, it is not necessary to see them in 
person. The experiments, which were conducted based on Facebook and Twitter, showed that 
emotions are transmitted in the virtual space. 
 
In some cases, emotional infection can be controlled consciously. Usually, we are talking about 
the fact that the leader of opinions or a group of people, pursuing their own goals, seek to cause 
some kind of emotions in society. As you know, great power gives rise to great responsibility, 
so it depends on the leader whether he will use influence to inspire people to constructive 
activities or, say, sow panic, and then offer a "cure" (this strategy is used to get more control). 
Managing innovation communication project very often appear emotional resonance. 
 
The technique of emotional resonance can be defined as a way of creating a certain mood 
among a wide audience while transmitting propaganda information. Emotional resonance 
allows you to remove the psychological defence that a person builds on a mental level, 
deliberately trying to protect himself from propaganda or advertising brainwashing. One of the 
basic rules of propaganda is: first of all, you need to turn not to the mind, but the feelings of 
man. Defending themselves from propaganda messages, on a rational level, a person is always 
able to build a system of counterargument and reduce all efforts to "special treatment" to zero. If 
the propaganda influence on a person occurs on an emotional level, outside his conscious 
control, no rational counterarguments in this casework. 
 
Relevant techniques have been known since ancient times. They are based on the phenomenon 
of social induction (emotional infection). The fact is that the emotions and feelings we 
experience are largely social phenomena. They can spread like an epidemic, sometimes 
infecting tens and hundreds of thousands of people and causing the masses to "resonate" in 
unison. We are social creatures and easily perceive the feelings arising from others. This is 
visible at the level of interpersonal relationships - when it comes to loved ones. Everyone knows 
what it means to "spoil the mood" of a loved one and how easy it can sometimes be done. So, a 
mother who is possessed by negative feelings always passes them on to her young child; the bad 
mood of one of the spouses can be instantly transferred to the other, etc. 
 
The effect of emotional infection manifests itself especially strongly in the crowd - a situational 
set of people who are not connected by a conscious goal. The crowd is a property of a social 
community, characterized by the similarity of the emotional state of its members. In the crowd 
there is a mutual infection of emotions and, as a result, their intensification. The nature of the 
mass emotional infection is almost unstudied. One of the interesting hypotheses states that the 
main role in this is played by the appearance of resonant oscillations in the structure of 
electromagnetic fields formed by the human body [23]. 
 
The mechanism of human behaviour in a crowd is described in many sources, they all coincide 
in the fact that a person, becoming part of the masses, falls under the power of passions. Typical 
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signs of human behaviour in a crowd are the prevalence of situational feelings (moods), loss of 
intelligence, responsibility, hypertrophic suggestibility, easy controllability. These conditions 
can be enhanced by various means. The necessary moods are caused by the appropriate external 
environment, a certain time of day, lighting, light stimulants, various theatrical forms, music, 
songs, etc. In psychology, there is a special term - fascination, which denotes the conditions for 
increasing the efficiency of perceived material through the use of related background effects. 
Most often, fascination is used in theatrical performances, game and show programs, political 
and religious (cult) events, etc. - to infect people in the crowd with a special emotional state. 
Against this background, the relevant information is transmitted, and we must strive to ensure 
that it is not too much. 
 
In the modern world, the emotions we experience are largely the result of induction caused by 
the mass media. Creating emotional resonance is one of the main tasks of most informational 
messages and entertainment shows. The media always try to evoke strong emotions in a wide 
audience, and if necessary, they bring these emotions to seizures (see Psychological shock). A 
simple example: pay attention to those intonations with which radio or television presenters 
read out information about events in the country and the world to us. When it comes to tragic 
events (catastrophe, war, terrorist act), intonations are usually filled with noble sorrow or 
indignation towards the perpetrators. If, for example, after this, there is a message about the next 
meeting of the head of state with miners (pilots, teachers, doctors), you will notice how on-TV 
screen instantly transforms and “constructive optimism” and confidence in a happy future begin 
to appear clearly in her voice nation. This technique is called "emotional adjustment to the 
situation." In such a simple way, you can form the emotional attitude of a mass audience to a 
particular event. 
 
Information blockade is always closely related to information dominance. These are two sides 
of the same coin. They are resorted to both in the event of hostilities and peacetime (for 
example, during elections). There is a creation of an information vacuum on some issue with the 
subsequent dissemination of biased information about it. Very often, power structures block 
information on a problem and then issue it in a non-alternative mode. Since the interest in this 
issue in society is very strong, information that is beneficial to the authorities receives the 
maximum distribution. This allows for a unified interpretation of the events and represents, in 
fact, a massive zombie of people. In this case, the fixed position of the media is not subject to 
change, so another point of view is practically inaccessible to a wide audience. 
 
In addition to emotional adjustment, other methods make the audience "vibrate" with the 
desired degree of intensity. One of them is the rhetorical device of gradation: the commentator 
repeats the arguments with increasing tension: "Our people endured, endured for a long time, 
endured for a very long time! We suffered hunger, poverty, humiliation, shame! We suffered, 
suffered for a long time, suffered for a very long time! As long as ..."Such a technique 
emotionally “turns on” the audience. The halo effect is based on an insidious psychological 
property - the human tendency to think with false analogies. It consists of two common 
misconceptions. 
 
1. "Near - means together." Due to this phenomenon, being close to a famous or high-ranking 
person slightly increases the status in the eyes of others. It is no accident that those who are 
captured in the photo next to the "big" people are happy to show these photos to all friends and 
acquaintances. Like, I'm with them on a short leg ... Similarly, politicians adore being in the 
company of popular artists or athletes. In this case, the piece of love and adoration that the 
people give to their idols is automatically projected onto the unremarkable “servants of the 
people”. 
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2. The second stereotype is as follows. People who have achieved significant success in a 
particular area are considered by others to be capable of more in other matters. Numerous facts 
prove that this is just a common misconception. There are many examples where people who 
brilliantly do one thing, otherwise become completely helpless. 
 
Modern human must cultivate critical thinking and an independent view. Today, the world is 
dominated by an era of manipulation and information warfare. We must carefully monitor the 
nature of the information we receive. Hygiene of communication plays a significant role. Now 
you know that the news feed can influence you, so you are already one step ahead. Moreover, 
now you are aware that negative posts can become the cause of depression, therefore, you will 
select a positive environment for yourself. And finally, it's just a social network. If you spend 
less time there, then the impact will be minimal. There is another life outside of Facebook. 
Although emotional infection is also present here, it at least comes from your friends and 
relatives, and not from strangers. 
 
The possibility of emotional infection opens up scope for manipulation, including in 
interpersonal relationships. People can aggressively include others in the space of their own 
experiences to receive attention and some benefits for themselves. It is important to separate the 
request for support and the desire to manage others. However, sometimes manipulations, like 
the tendency to succumb to them, are unconscious. Recognizing emotions and recognizing their 
origin can be one way to avoid emotional contagion. 
 
The mere possibility of emotional infection is not negative or positive. This is a feature of our 
psychophysiology because people are primarily social animals. 
 
It is the ability to notice the condition of relatives and quickly respond to it, as well as to signal 
about their condition, has become an important factor in the development of the human species. 
Warn others about the danger, inspire for joint activities or carry away the game - all this we 
learned at the dawn of mankind. 
 
However, with the development of intelligence and society, conscious control of these processes 
has become possible. That is why in some cases it is better to allow yourself to show emotions, 
and in some - to restrain. This is especially true for managers, teachers and media workers. And, 
of course, self-control is important for personal and family relationships. When people are in a 
close emotional relationship, their experiences inevitably affect each other's experiences. 
 
Unpleasant emotions lead to infection in the mood rather than pleasant ones. However, the 
separation of negative emotions can be useful, because expressing them is already a step 
towards overcoming the situation. This is noticeable in national rituals and religious practices. 
For example, mourners at a funeral set the tone for general suffering, allow other people to 
openly live their grief (it doesn’t even matter how sincerely the killing people are sincere - 
mourners often hired for money). Today we have almost no pronounced regulations for 
expressing emotions, so we have to cope on our own. 
 
And yet, you can "infect" others with inspiration and fun. Sometimes we just can't stop laughing 
when someone else laughs - that's why watching comedies or stand-up shows are especially 
good in the company of people with a similar sense of humour. Often we deny ourselves the 
synchronization of positive experiences, fearing to manifest feelings clearly, guided by 
complexes and fears. Experiencing joint positive emotions with other people is a great pleasure 
and the sincere moments that it brings to form the basis of strong emotional bonds. 
 
Emotional processes include a wide class of processes, internal regulation of activity. They 
perform this function, reflecting the meaning that objects and situations have on the subject, 
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their values for the implementation of his life. In humans, emotions give rise to experiences of 
pleasure, displeasure, fear, timidity, etc., which play the role of orienting subjective signals. The 
simplest emotional processes are expressed in organic, motor and secretory changes and are 
among the innate reactions. However, in the course of development, emotions lose their direct 
instinctual basis, acquire a complex nature, differentiate and form diverse forms of the so-called 
higher emotional processes: social, intellectual and aesthetic, which a person makes up the main 
content of his emotional life. 
 
The result is the following classification of the emotional process: 
− affects - short-term and intense emotional processes, accompanied by pronounced motor 
manifestations and changes in the work of internal organs;  
− emotions are longer and less intense than affects, emotional processes that reflect the 
subjective meaning of situations, but not of specific objects in themselves; 
− feelings are longer and less intense than affects, emotional processes that reflect the 
subjective meaning of specific objects. For example, hatred moods are quite prolonged 
emotional processes of low intensity. 
 
A negative impact is blindly following someone else's mood and reactions, for example, when a 
"breeding ground" of gossip and negativity appears in the team, which changes the mood of the 
masses, causing anxiety and distrust of colleagues, which, of course, affects labour efficiency. 
Unconsciously "mirroring" the emotions of other people, we begin to feel the same emotions as 
they are. 
 
The positive effect is associated with self-control. We try to manage our own emotions, notice 
changes and control our condition. For example, a confident leader can easily convey an 
optimistic attitude to his team. Here for the manager, it is important to give people a positive 
charge, set up and motivate them to succeed in their work. 
 
Interestingly, in this case, infection occurs without the participation of non-verbal signals. 
However, the inability to see the poses and facial expressions, as well as to hear the voice of 
other people, is compensated by new means of transmitting emotions that are used when 
communicating on the Internet. This is a certain style (you know exactly a certain number of 
people who abuse capsule and punctuation marks), typical mistakes that people make when they 
are nervous and, in a hurry, as well as the specifics of using emoticons and stickers. This area is 
still waiting for its researchers - we give an idea. 
 
Emotional infection is a socio-psychological mechanism of transmitting the mental attitude to 
other people from one person or group of people, emotional impact in conditions of direct 
contact and the inclusion of the individual in certain mental states.  
 
In the study of the emotional component of the processes of managing innovative projects 
recognition was created by the psychophysiology Simonov P.V. [6] formula, in a short symbolic 
form represents a set of factors that affect the emergence and nature of the effects of emotions. 
 

E = f (P * (In-Is)), 
 

where E(t) - emotion, its degree, quality and impact; P(t) - the power and influence of the actual 
need; (In(t)-Is(t)) - assessment of the possibility of meeting the need based on innate and 
ontogenetic experience; In(t) - information on cost, meeting the need; Is(t) - information about 
existing assets that the manager owns.  
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This formula is not used to obtain specific quantitative values, but only to illustrate the very 
principle of the formation of positive or negative emotions of varying strength. 
 
The factors listed above are decisive, necessary and sufficient, but a time factor should also be 
considered. Emotion can be either short-lived or long-lasting. At the same time, it is necessary 
to consider the peculiarities of emotions and individual-typological features of managers of 
innovative projects. From the formula, it follows that the possibility of satisfying the need 
influences the sign of emotion. A function that reflects emotions is the same as an evaluation 
function.  
 
Emotional infestation is a social and psychological mechanism of transfer of mental mood to 
other people from one person or group of people, emotional influence in the conditions of direct 
contact and inclusion of a person in certain mental states. 
 
Emotional contamination occurs in large open spaces, especially in unorganized communities, 
for example, in a crowd that can spread certain emotional states quickly. Most often, these 
conditions can be markedly enhanced by multiple reflections in the chain reaction scheme. 
However, unlike cognitive chain reactions, the emotional transmission is less conscious and 
more automatic.  
 
Emotions are different in content, reflecting different aspects of the significance of their 
situations. To apply the psychophysiological formula for assessing the impact of the emotional 
state of the stakeholders of innovative projects, we transform these influences into a competent 
dream model of managing innovative projects.  
 
Consider the intensity of emotions in the implementation of innovative projects within the 
competence of the knowledge system ICB in an Agile world [13]. Emotions may vary in 
intensity (strength). The stronger the emotion, the stronger its physiological manifestations. The 
intensity of emotion in each case is, of course, influenced by a large number of factors within 
the competence of managing innovative projects. In general, their contribution makes it possible 
to estimate Simon's formula. 
 
Besides, the intensity of emotions may depend on the completeness and functional integrity of 
the central and autonomic nervous system of the project manager and team. Depending on the 
impact on the activity of the stakeholders of the innovative project emotions are divided into a 
wall (from the Greek. Έθένος - force) and asthenic (from the Greek. Ἀσθένεια - powerlessness). 
Sthenic emotions stimulate activity; mobilize human forces (joy, enthusiasm and others). 
Asthenic emotions weaken or paralyze forces (sadness, etc.).  
 
Emotions are different in content, reflecting different aspects of the innovation project and the 
situations that caused them situations. 
 
Consider how emotional infection of stakeholders in innovative projects is formed through the 
competency system of the IPMA Reference Guide ICB4 in an Agile World Version 2.3 
example [13]. 
 
Criteria for assessing competence in managing innovative projects and programs are determined 
based on a taxonomy consisting of 10 criteria [13].  
 

1. Self-reflection and self-management  
2. Personal Integrity and Reliability  
3. Personal Communication  
4. Relations and Engagement 
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5. Leadership  
6. Teamwork  
7. Conflict and Crisis 
8. Resourcefulness 
9. Negotiation 
10. Results Orientation

These criteria focus on individual values, psychology and ethics. These competencies are 
drivers of emotional infection.  
 
The concept of a community project or its intellectual space emerged in the global development 
of management science. The project community includes members of the project team and other 
stakeholders, organically shapes the value of the project mission, and participates in the 
implementation of the project, using the combined competence of all members of the 
community. It is a virtual, motivational space in which the stakeholders devote themselves to 
the project, being in different geographical, cultural, specialized and organizational 
environments; and build interaction and collaboration within the project through an exchange of 
views on project content, planning, control and information engagement in the project. The 
possibility (or impossibility) of the project to create an active intellectual space significantly 
influences the project implementation.  
 
When a project is implemented with the help of an international consortium, there are often 
misunderstandings and contradictions within it that are caused by cultural differences between 
project participants from different countries. If you do not work out the issues involved in 
overcoming such differences and finding a common language for the members of the project 
community, the risk of project failure can increase significantly. 
 
In today's virtual project team, in which team members collaborate mainly virtually through 
electronic Internet networks, a common understanding of the project's goals and interest in 
working on it is the basis of communication. In this process, the ability to correct professional 
communication comes first. Regardless of the geographical, temporal or cultural environment to 
which project team members belong, in general, the configuration of the connections between 
them forms the essence of the intellectual space of the project. 
 
Four key principles: focus on customer satisfaction, foregrounding, teamwork, and focus on 
excellence, have been imported into project management and are the prevailing principles of 
intellectual project space [7, 8, 9]. Adherence to these key principles directs the efforts of the 
project team and assists them in creating new, unique management ideas and methods [10, 11]. 
For example, the desire of the project team to comply with the terms of the contract to avoid 
litigation and compromise with the counterparty can lead to both positive and negative results. 
However, the negative can be minimized if the intellectual space of the project works properly 
[12, 14, 15]. Good and balanced teams are a good example to follow and a lesson for colleagues 
in other projects.  
 
The project stakeholders are: 
- sponsor of the project (or otherwise the project owner); 
- investors (if external project financing is used in the project); 
- financiers; 
- consultants of the project owner. 
 
Not only members of the project team, but also other participants involved in the project in one 
way or another, including service companies, agencies responsible for forming a temporary 
staff, etc. - all of them is directly affected by the project product, or the project implementation 
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process. The stakeholder is, therefore, a generic term that defines all institutions, companies and 
individuals who are directly or indirectly affected by the project.  
 
A project manager is a mission-oriented professional with the necessary authority to manage 
and integrate the project; its role is to detail the mission of the project on goals and objectives, 
to formulate a strategy for its implementation, and to form a project team consisting of 
experienced professionals to perform work on a project that has certain limitations and 
conditions for implementation. 
 
The skills, models, and management techniques used in a project depend on whether 
conventional management methods can be used, or for maximum efficiency and effectiveness, 
eleven separate project management areas need to be applied. 
 
How to resist penetration into project team emotional infection? 
If you feel that after a short conversation with a person or communication on social networks, 
there was discomfort, most likely you were infected with negative emotions from the 
interlocutor. How to counter this? 
1. Calm down. If you are angry, it is best to stop communicating and try to calm down. Then 
you should ask yourself the question: what is happening now? What is the purpose of your 
communication? Perhaps you need to stop communicating at all or try to shift the conversation 
into a more constructive channel a little later when emotions calm down. 
2. Develop critical thinking. No matter what the interlocutor tells you, it is important to keep a 
cool head, to collect and analyse information, to compare facts. Then it will be harder to 
manipulate you. 
3. To be here and now. This is a good habit, helping to realize that at the moment you are 
infected with negative from the interlocutor. Try to concentrate on something positive, pleasant, 
to regain your good mood. 
4. Spread your shoulders. Our brain is designed in such a way that if we straighten our 
shoulders, inhale deeply and straighten our back, it reads this as information that everything is 
fine with us. After some time, we begin to feel much better. Therefore, if you feel that you have 
become infected with negativity, simply straighten your shoulders and smile. 
 
3. Case Study of Emotional Infection in an Innovation Project 
 
During the implementation of the program, professionals from different fields of knowledge 
with different skills cooperate to achieve the mission of the program [16, 17]. The community is 
a space of partnership and competency, in which the professional competencies of the 
participants are concentrated, the competence of the team is formed, as well as the cooperation 
between professionals is encouraged to create a strong teamwork potential.  
 
At the program level, the most important thing is to set up interfaces for interaction between 
organizations and program team members. 
To form a harmonious community, the following rules must be followed: 
1) mutual trust in the realization of common tasks: observance of social ethics, orientation on 
productive cooperation and commitment in work; 
2) defining the context and principles of the program - an unequivocal interpretation of the 
mission, tasks, roles and professional terms within the program; 
3) defining the program regulations - principles of program implementation, common 
professional or technical language, terms for communication and standards of implementation 
of business processes; 
4) the availability of professional skills that are implemented in the work on the program; 
5) space ("Ba") is a common space used by stakeholders to support their professionalism and 
engagement within the program, with a minimum set of rules of engagement. 
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Let us look on the conceptual model of organizational development programs in a turbulent 
environment (Fig. 1). 
 

 
Fig.1. Conceptual model of organizational development programs in a turbulent environment 

(created by authors) 

Corporate consistency between programs, projects, and individual tasks must be ensured in the 
area of organizational development management. This has to do with the coherence of corporate 
action on the project, part of the resources, knowledge and synergy of programs and projects. 
The main task of creating an effective mental space is to provide the competitive advantages of 
the organization based on accumulated knowledge and modern information and communication 
technologies. This knowledge, embodied in the products of projects or programs, assures 
customer satisfaction, enables the active application of project innovation and organizes 
teamwork. The tasks of mental space development are to maximize the value of projects and 
programs, their innovative focus, effective communication in a language understandable to all 
stakeholders, information sharing, co-thinking and co-production. 
 
Awakening in the organization of innovative activity of the development program, mobilization 
of creative potential necessary for participation in innovative processes, involvement of staff in 
new organizational structures is a complex scientific problem. The complexity of change and its 
duration indicates the appropriateness of applying a functional value model that considers the 
value of development programs in the creation and migration of values in a stakeholder 
environment. 
 
At present, intellectual capital and entrepreneurial energy are attributed to corporate value, 
which cannot be calculated from accounting standards but can be recognized as market value, 
such as "brand potential", "global network" and "good customer list". Intellectual capital and 
entrepreneurial energy are a source of competitiveness of an organization, an indicator of 
motivation that increases the value of the organization. An increase in intellectual capital is 
directly leading to an increase in corporate value. 
Intellectual capital will increase as the level of knowledge of the organization's employee’s 
increases. However, if third-party intellectual capital is used in cooperation with a financial 
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institution, such intellectual capital may be considered debt. Corporate value is defined as the 
sum of intellectual capital and accounting assets. In recent years, the value of an organization's 
intellectual funds has been considered more important than the value of other assets. On the 
other hand, it is still difficult to properly calculate intellectual capital and entrepreneurial 
energy. This kind of calculation is not an easy task. 
 
Effective community management requires visibility, usefulness and novelty. For participants to 
feel the usefulness of the community, it should develop and present real and clear plans for the 
implementation of the program, quantitative indicators and methods of interaction. Besides, the 
community should be able to access the application's databases and databases at any time, from 
anywhere. Otherwise, it will be difficult to attract first-rate professionals to participate in the 
program.  
 
The stakeholder infection model is based on an understanding of the life cycle of the project 
manager, which is presented as a Kuber-Ross curve for personal changes of the manager of 
innovative projects and programs (Fig. 2). 
 

 

Fig. 2. The curve of personal changes of the manager of innovative projects and programs 
(created by authors [1]) 

On this curve, we see the initial phase of change of effective activity within three steps - "shock, 
surprise, reflection", "insensitivity" and "denial". This is a short-term phase where the wall and 
asthenic stains are infected. These infections usually do not extend beyond the project 
management team. The second phase is related to a significant drop in performance. These are 
"blaming yourself and others," "panic and fear," "depression and danger." At this stage, an 
asthenic infection is formed that goes beyond the project management team. 
 
The third phase involves the transition from asthenic to wall infection of the stakeholders of the 
innovation project. In this phase, the following factors are formed - "acceptance of ignorance", 
"testing and verification", "feeling of optimism, hope and restart", "opening, learning", "feeling 
of satisfaction" and "integration and new understanding" of the innovation project. 
 
The simulation results of the implementation of the innovative Knowledge Base Creation 
Communication Project at the Ukrainian ministry of finance are shown in Table. I and Table. II. 
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At the same time, "score 1" was considered as an assessment of the current state of the 
innovation project before infection, "score 2", after infection of the project stakeholders.  
 
 
Key competencies for creating intelligent program support and stakeholder engagement for 
innovative projects are Strategic Thinking, Integral Thinking, Leadership, Coordination, 
Communication Skills (provided by information systems, databases and knowledge), as well as 
motivated, professional initiatives. 
 
The results of the assessment of changes in the competence of the manager and team of the 
project with "asthenic emotions" are shown in Fig. 2. 
 

TABLE I. Assessment of changes in the competence of the manager and team of the project 
with "asthenic emotions" (created by authors) 

№ Criterion name  Score 1 Score 2 

1 Self-reflection and self-management  6 4 

2 Personal Integrity and Reliability  5 3 

3 Personal Communication  5 3 

4 Relations and Engagement 6 3 

5 Leadership  7 6 
6 Teamwork  7 6 
7 Conflict and Crisis 6 3 

8 Resourcefulness 5 4 

9 Negotiation 6 4 

10 Results Orientation 6 4 
 

 

Fig. 3. Assessment of changes in the competence of the manager and team of the project with 
"asthenic emotions" (created by authors) 
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The chart of changes in the level of competence of managers of innovative projects (Fig. 3) 
shows significant drop incompetence in the context of the influence of asthenic emotions. In 
this case, the coefficient calculated as K = (Score 1) / (Score 2) in this case is equal to 1.55, 
which indicates the negative impact of infection on the application of the competence of the 
project manager [23]. 
 
The graph of changes in the level of competence of managers of innovative projects (Fig. 4) 
shows significant increase incompetence in the context of the influence of wall emotions.  
In this case, the coefficient K is 0.63, which indicates the positive impact of stakeholder 
infection on the competence of the innovation project manager. 
 

TABLE II. Assessment of changes in the competence of the project manager and team with 
"sthenic emotions" (created by authors) 

№ Criterion name  Score 1 Score 2 
1 Self-reflection and self-management  5 8 
2 Personal Integrity and Reliability  5 9 
3 Personal Communication  4 7 
4 Relations and Engagement 6 9 
5 Leadership  6 8 
6 Teamwork  6 8 

7 Conflict and Crisis 56 9 
8 Resourcefulness 5 8 
9 Negotiation 5 8 
10 Results Orientation 5 9 

 

 

Fig. 4. Assessment of changes in the competence of the project manager and team with  
"sthenic emotions" (created by authors) 
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The application of the proposed model and the approach to assessing the competencies of the 
manager and team of the innovation project is conceptually understandable and fully proven as 
to the adequacy of the model.  
 
4. Conclusion 

 
Development of a model of emotional infection of stakeholders of innovative projects and 
programs in crisis conditions allows specifying the trajectories of project implementation in the 
conditions of crisis of internal and external environment. 
 
The results of modelling in the implementation of an innovative Knowledge base creation 
project at the Ministry of Finance determined that the key competencies for creating intellectual 
support for innovative projects and stakeholder’s infection are strategic thinking, integrated 
thinking, leadership, coordination, communication skills systems, databases and knowledge) as 
well as motivated, proactive and professional leaders of the program team.  
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Abstract: Success factors for projects are explored since many years, and one of the important 
factors is known to be good project sponsorship and support by senior management. In the 
community of project managers, a lack of competences and a lack of understanding by senior 
managers is felt. And unlike training, certification and further reading for project management 
tasks, the offers for preparing and consulting senior management in governing projects 
adequately are relatively rare. The professional group “PM goes Boardroom” of the three 
German speaking project management societies explores the actual status in this area and has 
developed some supporting tools. An overview is provided here. 
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1. Introduction 
 
Support by senior management is an important success factor for projects, and concerning the 
collaboration between senior management and project management, there is still room for 
improvement. This is known since the first Chaos Report of Standish Group in 1994 [1]. Some 
research concerning the actual status of collaboration and development of measures for 
improvement are presented below. The work has been processed by the professional group “PM 
goes Boardroom” of the German speaking project management societies lead by the author [2]. 
  
2. The project sponsor as success factor – a review of research and related standards 
 
In their regularly research Standish Group monitors the success and the success factors of 
software development projects since 1994 [1]. The support of executive management is always 
beyond the top success factors. In 2012, called “The Year of the Executive Sponsor” by the 
Standish Group, it has been the top success factor, and since that year, the group offers tools for 
senior management to evaluate their competencies in sponsoring projects. They also asked IT 
executives who stated “that a little less than half of a project’s success is a direct result of the 
contribution of a quality executive sponsor” ([3], p. 63). 
 
While Standish Group mainly monitors IT projects in the US, there are similar results for projects 
in Europe. Studying reasons for failure in projects, there is a finding [4] that 

• the link between strategy and project which is task of the senior management is one of 
the most frequent and most difficult to solve reason for problems in projects 

• and general conditions as decision-making power and significance of work in projects 
are among the most difficult problems for projects. 

 
Norms and standards for project management meanwhile include also the governance of projects. 
The Global Alliance for Project Performance Standards has assembled “A Guiding Framework 
for Project Sponsors” [5] in 2015, defining elements of competency and performance criteria for 
project sponsors. 
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In 2017, ISO 21505 [6] named “Project, programme and portfolio management — Guidance on 
governance” has appeared, defining the framework for the contribution of senior management to 
successful project management regulations in their organisation. 
 
Another framework for project management has been defined by the EU commission: PM² project 
management methodology guide [7] has been published in 2018. This guide has elaborated the 
link between business and strategy and the project by several layers as shown in Fig. 1: 
 
 

 
 

Fig. 1.  Layers and Roles for Project Governance according to [7], p.19 
 
The senior management has a supervising task which might be delegated to an “Appropriate 
Governance Body”. In the framework for project governance it is defined how projects may be 
initiated and the compliance to business and strategy has to be checked and monitored. 
 
The project sponsor or owner has a steering role and is accountable to the senior management and 
the shareholders. The steering role is complemented by further management, also including 
members of the solution providing organisation. 
 
The segregation of governance and management is of importance in order to avoid conflicting 
interests. 
 
3. Research and Development of “PM goes Boardroom” professional group 
 
In 2014, a small working group has established at the “D-A-CH-Forschungswerkstatt”, a 
workshop for research and development organised by the three German speaking project 
management communities: GPM Deutsche Gesellschaft für Projektmanagement e.V., Swiss 
Project Management Association (spm) and Projekt Management Austria (pma). The small 
working group called “PM goes Boardroom” has established in order to study the collaboration 
between project management and senior management and to look for opportunities for its 
improvement. This work should include research work and also work on the development of 
practical measures and tools. Meanwhile, some studies have been made and a reference model 
has been developed which will be presented below. 
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4. Relationship between senior management and project management – a qualitative study 
 
As a starting point, a collection of guided interviews with 27 senior managers (mainly chief 
officers as CEO, COO et cetera) was made, in order to analyse the status “as is” concerning the 
relationship between senior management and project management. Especially some facts about 
organisation of project and project portfolio management were to be collected, strengths and 
weaknesses as seen by senior management, and also information about career paths in this 
context. The study was conducted in 2016, detailed results of the study are reported in [8]. 
 
The 27 interview partners represent organisations of all different sizes and different industries, 
and deal with external and internal projects. For all of them, project management is of high or 
very high importance for the senior management, and also project portfolio management. 
Nevertheless, only half of the organisations have a well established portfolio management and 
the managers do not state a need for that, they just state a need for management of resources. 
Also, there should be a role and responsibility of the managers in shaping their portfolio to be in 
accordance to their strategy where suitable actions can’t be identified from the answers during 
the interviews. The managers however are satisfied with the strategic orientation of their 
portfolios. No explicit actions, but satisfying implicit actions may be the practical reason for this.  
 
Most of the senior managers are involved in projects themselves, as project sponsor or other 
responsibilities, and the CEOs among them need more than 50% of their time for their projects. 
 
Evaluating the answers to the question for the expectations of a good project sponsor, the top 
three expectations map well to the already named elements of competency in the GAPPS Guiding 
Framework for Project Sponsors [5], but there are also elements of competency in GAPPS not 
named at all in any of the interviews, as shown in Fig. 2: 
 

 
 

Fig. 2.   Expectations to a good project sponsor, mapped to GAPPS [5] 
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Career development paths in project management are offered in many organisations. In our 
interview study, this is right for 40% of the organisations. The top end of these paths normally is 
one or two levels below the career paths in general management. So good project managers 
continue their careers as line managers – and rarely vice versa. In total, project management is 
not on the same level as line management. 
 
At the end of the interviews, the senior managers were asked about three aspects of collaboration 
of project management and senior management, about the target and the actual status. There is 
general agreement about the target status and a small but remarkable gap between the actual and 
the target status: Line managers should work more supporting or committed to the projects 
running and the target systems for line managers and for projects should be in better compliance 
to each other.  
 
5. Project Governance in practice – a quantitative study 
 
In a recent quantitative exploration, the practice of project governance was investigated – 
parameters concerning the projects, especially how the roles of a project sponsor and a steering 
committee are implemented. The online questionnaire was spread in the German speaking project 
management communities and 144 participants gave answers to the questions during a three 
month period in 2019/2020. A detailed report will appear within a short time. 
 
From the first evaluation it is evident that the projects and programs present a mixture of different 
kinds of subjects, mostly internal and with a duration of years (50% more than two years). More 
than half of them have an IT or communication subject, the next following large groups are 
organisational subjects and product development. Suppliers and partners are involved in the 
project organisation. In most cases, the project sponsor role is part of the organisation conducting 
the project, and in about 60% of the projects or programs, is part of the top management. In 80% 
of the cases, there is an at least monthly meeting with the project sponsor. About 60% of the 
projects and 80% of the programs have a steering committee, consisting of four to eight members 
and meeting at least once quarterly. But in 5% if the projects and in 8% if the programs, there is 
neither a sponsor nor a steering committee. 
 
Again there is small but apparent gap between what is known and teached as good “should be” 
practice and what is done. From the further evaluation of the study a more detailed picture of how 
sponsors and steering committees are found and constituted in practice is to be gained, also in 
order to know how to address them in a suitable way. 
 
6. Relationship between senior management and project management – a reference model 

and how to improve 
 
There is room for improvement in the relationship and the collaboration between senior 
management and project management when running projects. This is shown by the above 
mentioned studies and the exploration conducted by the members of the section group “PM goes 
Boardroom” themselves. 
 
As a first step, the group has defined a reference model for the collaboration which defines the 
roles and responsibilities of each party, the expectations to each other and also competencies 
mostly needed by senior managers supervising projects. The basis for this reference model is near 
to the level model provided by the PM² project management methodology guide [7]: There is a 
top level management responsibility for project governance in an organisation which is often 
delegated to a dedicated committee, called Appropriate Governance Body in the PM². Each 
project sponsor has to act and decide in compliance to the governance rules and the strategy and 
the project sponsor and steering committee of a project have the responsibility to report 
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accordingly to the governance body. Their expectations to the project management and the project 
team are as presented in Fig. 3, at the same time they have to meet expectations of the project 
team and the governance body as follows: 
 

 
 

Fig. 3.   Expectations between senior management, project sponsor and project management 
resp. project team 

 
The complete and compact model is explained in a booklet [9], illustrated by a case study of a 
medium-size company with typical problems which occur in practice and recommendations how 
to solve or to avoid them. Despite the implementation of project portfolio management – real 
implementation and not formal implementation – typical problems are: 

• Organisations should separate sponsoring and governing projects. Projects which are 
sponsored by the very top management (governing responsibility) often are not controlled 
in a proper way (responsibility of the sponsor), e.g. risk management is not done properly 
in order not to disagree with top management. 

• The steering committee should act as one responsible team and decide in a way the project 
and the related business case reach their goals. Often the committee is too large. And 
often, the members act only for the department they represent, not for the running project. 

The problems and solutions are known, but they have to be remembered every day in practice. 
The reference model may be used as a check list. 
 
What difference is there for project sponsors and steering committees of agile projects? Are they 
still needed? The answer should be yes, as a responsibility for the needfulness and the resources 
of a project is needed, and also for the support when running it. Furthermore, the controlling role 
of a sponsor and a committee requires that they have the competency to judge whether and how 
agile practices proposed by the project management for running a project are chosen adequately. 
This competency is what is called Project Design in the new competence model of International 
Project Management Association ICB 4.0 [10]. A basic knowledge of agile methods and practices 
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as for “traditional” plan-driven methods is needed by the sponsor and the committee members. 
And for successfully running agile principles, the ownership role needs even more care and 
dedicated resources than in a traditional environment. 
 
The competencies of project sponsor and members of the steering committee concerning project 
management methodologies have to be adequate. Not all of the candidates have these 
competencies. Members of senior management are used to learn rapidly, but they have to have 
the opportunity to do that, and they have to be aware of a lack of competencies. 
 
Some organisations train their managers before appointing them for the role of a project sponsor 
or member of steering committee, with good experiences (e.g. [11]). It is a challenging task to 
train senior managers – they are “too cool for school” ([12], p. 149).  
 
A prototype training is offered by the “PM goes Boardroom” group and has been presented as a 
workshop at two conferences in 2019. The fascinating experience when doing that training by the 
group itself is that the members themselves during a simulation part acted as if they did not 
remember what is good practice, they only started to remember when starting the reflection. This 
experience demonstrates clearly the challenge of everyday practice in committees. 
 
Besides training or coaching, exchange of experiences between senior managers about their 
project business, their “DOs” and “DON’Ts” is essential. The exchange of experiences has to 
take place in a closed circle, as the sharing of also bad experiences needs strict confidentiality. 
The section “PM goes Boardroom” works on the development of such circle or circles, depending 
on the kind of project business. A workshop series for large investment projects has started in 
2019. 
 
“Selling project management to senior executives” (see e.g. [13]) is a challenge since the 
beginnings of project management as a discipline, and the importance of the senior management 
role in project management is part of this challenge. The challenge starts with the question how 
to “hit” senior management, as they are not part of the project management community. It is 
sufficient to “hit” one key person in an organisation, either in the senior management, supervisory 
board or revising departments. The professional group as the project management associations 
themselves have and work on expanding those contacts in order to address those groups in an 
appropriate way. 
 
7. Results and Conclusion 
 
A constructive collaboration between senior management and project management is essential for 
the success of projects. Recently defined standards define how this collaboration should be. As 
shown by the exploration of the actual status in practice presented above, there is still a gap, the 
collaboration should be better. Some measures and offers have been developed for the German 
speaking regions, more distribution is needed.  
 
A research on the status between different countries is desirable. Also, more detailed research and 
development in addressing the senior management with project management concerns is 
necessary to make projects more successful. 
 
The professional group “PM goes Boardroom” gives thanks to all interview partners and 
participants to the questionnaire and all other people supporting their work, especially the three 
project management associations GPM, pma and spm. 
 
 
 

45



8. References 
 
[1] Standish Group, www.standishgroup.com, last visited on May, 4th (2020) 
 
[2] PM goes Boardroom, https://www.gpm-
ipma.de/know_how/fachgruppen/themenfokussierende_fachgruppen/pm_goes_boardroom.html 
last visited on May, 4th (2020) 
 
[3] The Standish Group: Chaos Manifesto 2012: The Year of the Executive Sponsor. The 
Standish Group, 2012. 
 
[4] Rietiker, S.; Scheurer, S.; Wald, A.: Mal andersherum gefragt: Ergebnisse einer Studie zu 
Misserfolgsfaktoren in der Projektarbeit. In: projektmanagement aktuell 4/2013, Nürnberg 
2013, p. 33-39. 
 
[5] GAPPS: A Guiding Framework for Project Sponsors, Date of issue: 5th August 2015, 
available at https://globalpmstandards.org/downloads/, last visited on Apr 22, (2020) 
 
[6] Project, programme and portfolio management — Guidance on governance (ISO 
21505:2017). 
 
[7] PM² project management methodology guide, EU Commission, available at 
https://op.europa.eu/en/publication-detail/-/publication/0e3b4e84-b6cc-11e6-9e3c-
01aa75ed71a1last visited on Apr 23, (2020) 
 
[8] D. Feldmüller, D.; Ortner, G.; Hunziker, T.: PM goes Boardroom!? In: 
projektMANAGEMENT aktuell 2/2017, p. 24 – 29 (2017) 
  
[9] Boxheimer M., Feldmüller D., Ortner G., Wenzler H.: Der Lenkungsausschuss – Grundlage 
des Projekterfolgs, Fallstudie, Empfehlungen und Informationen“, GPM Deutsche Gesellschaft 
für Projektmanagement, Nürnberg (2019) 
 
[10] International Project Management Association: Individual Competence Baseline for 
Project. Programme & Portfolio Management, Zürich (2015) 
 
[11] Hunziker T., Bachmann T.: Mehr PM Know-how für den Lenkungsausschuss, 
Projektmagazin 14/2015, available at https://www.projektmagazin.de/artikel/mehr-pm-know-
how-fuer-den-lenkungsausschuss_1101675, last visited on May, 4th (2015) 
 
[12] James, V.; Rosenhead, R.; Taylor, P.: Strategies for Project Sponsorship, Management 
Concepts Press, Tysons Corner (2013) 
 
[13] Thomas, J.; Deslisle, C.; Jugdev, K.; Buckle, P.: Selling Project Management to Senior 
Eecutives: The Case for Avoiding Crisis Sales. In: Project Management Journal 33/2002, p. 19-
28 (2002) 

46

https://op.europa.eu/en/publication-detail/-/publication/0e3b4e84-b6cc-11e6-9e3c-01aa75ed71a1last%20visited%20on%20Apr%2023
https://op.europa.eu/en/publication-detail/-/publication/0e3b4e84-b6cc-11e6-9e3c-01aa75ed71a1last%20visited%20on%20Apr%2023
https://www.projektmagazin.de/artikel/mehr-pm-know-how-fuer-den-lenkungsausschuss_1101675
https://www.projektmagazin.de/artikel/mehr-pm-know-how-fuer-den-lenkungsausschuss_1101675


OPERATIONALIZING THE RESPONSIBLE PROJECT 
MANAGEMENT MANIFESTO 

 
José Ramón Otegi-Olaso1, María Eugenia Aguilar-Fernández2  

 
1joserra.otegi@ehu.eus, 2mariuge.aguilar@gmail.com 

1,2University of the Basque Country 
Bilbao, Spain 

 
Abstract: The Responsible Project Management Manifesto [1] has appeared as an answer from 
the Project Management community to a challenge of their contribution to the Climate Change 
crisis. However, being the RPM designed as a set of principles, implementing it poses difficult 
questions to those involved in the generation and management of projects. This paper assesses 
the Sustainable Business Model at Project level [2] as a tool to operationalize the Responsible 
Project Management Manifesto. The paper concludes that the model is acceptable as a tool, but 
some new variables should be introduced. 
 
Keywords: Responsible Project Management Manifesto, Business Model Canvas 
 
1. Introduction 
 
When addressing the management of projects, or programmes, Project Managers use the 
techniques and tools that they have learnt [3]. They discuss and agree on the scope with the 
sponsor, divide the project into major components, select their team, schedule the activities, and 
control the plan to hopefully deliver within the iron triangle. Business as usual. 
 
However, the climate change crisis [4] brings in urgency to act differently. It has made humanity 
aware of the importance of dealing with matters from a triple bottom line [5] approach. Economic 
feasibility can no more be assessed without assessing at the same time social and environmental 
feasibility. And compromising these two is less and less accepted by society, in there included 
the sponsoring organisation’s stakeholders. 
 
The Responsible Project Management Manifesto is one of the answers that the profession is 
providing right now. It proposes ten principles to be the drivers of Project Management [1] (Table 
1). 

TABLE I. Driving principles of the Responsible Project Management Manifesto [1] 
Principle Description 

Purpose Identify and understand the purposes underpinning projects from different 
perspectives 

Awareness Raise awareness of possible impacts and consequences of projects 
Engagement Engage with a wide range of stakeholders and promote common interests 

Curiosity Be curious, uncover and address ethical complexity, conflict, and unintended 
outcomes 

Uncertainty Recognise uncertainties and encourage clarity and sharing of new knowledge 
Anticipation Anticipate changes, evaluate options and promote informed decision making 
Creativity Understand needs for creativity and innovations: make space for imagination 

Transparency Foster transparency and sharing of visions, thoughts, and feelings among 
stakeholders 

Stewardship Encourage stewardship of human and environmental resources and ethical 
considerations 

Balance Seek balance between the needs of people, planet and profit; short, medium 
and long term 
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2. The Sustainable Business Model at Project Level 
 
Those who have learnt about the Responsible Project Management Manifesto frequently ask 
themselves, or ask the promoters: Okey, I agree with those ten driving principles, but how do I 
get to put them to work in my projects? How can we ground them? 
 
One way of looking at it is by using a standard management tool, the business canvas, and its 
customization to the management of projects. [2] designed The Sustainable Business Model at 
Project Level (Fig. 1) based on knowledge generated by [6] and [7]. 
 

 

Fig. 1. Business Model for Sustainable Innovation Canvas based on [6] and [7]. 

The Sustainable Business Model at Project Level proposes eleven variables (Table 2) to be 
defined, monitored and controlled by project sponsors and managers. 

TABLE II. Explicit characteristics of the Sustainable Project Business Model. Source: 
Business Model for Sustainable Innovation at Project Level [2] 

Variable Explicit characteristics of the Sustainable Project Business Model 
Measurable 

value 
The value proposition provides to the project participants a measurable 
ecological and/or social value in concert with economic value.  

Social dialogue 
There is a dialog among the project-stakeholders concerning the balance of 
economic, ecological, and social needs, and such values are temporally and 
spatially determined 

Balance 
For project deliverables and outputs, a particular balance is embedded in the 
design, production, and consumption processes. Such a balance is actively 
being pursued among stakeholders  

Key partners Suppliers are summoned to take responsibility for their own as well as for the 
sponsoring company’s stakeholder. 

No shift to 
suppliers 

The sponsoring company does not shift its own socio-ecological burdens to its 
suppliers 
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Variable Explicit characteristics of the Sustainable Project Business Model 

Key activities 
Sustainable Innovation is a key activity of the project. It includes forms of 
social issue management and of material design to ensure recycling and to 
avoid waste. 

Motivates project 
users 

Project results users are encouraged to take responsibility for their 
consumption. 

No shift to 
project user 

The project output is designed in such a way as not to shift their own socio-
ecological burden to the customer or user. 

Customer 
relationship 

Customer relationships are set up with recognition of the respective 
sustainability challenges of differently developed markets as well as project-
specific challenges resulting from its individual project resources management. 

Fair distribution There is a fair distribution of economic costs and benefits among stakeholders. 
This applies to the project input, output, outcome, and impact. 

Account for 
impacts 

Clear accountability for the project’s ecological and social impacts is 
established. 

 
3. Operationalizing the Responsible Project Management Manifesto 
 
The research question in this project was: To which extent does the Sustainable Business Model 
at Project Level meets the principles of the Responsible Project Management Manifesto? 

To answer the question, an analysis was made of how each of the variables was described in the 
original Doctorate Thesis and how each of them could contribute to identify if the RPM principles 
were met (Table 3). 

TABLE III. Mapping of variables to Responsible Project Management Manifesto principles. 
Source: the authors 

  Purp. Awar. Eng. Cur. Unc. Antic. Creat. Trans. Stew. Bal. 
Measurable 
value X             X     

Social 
dialogue X X X X   X   X X   

Balance X   X             X 
Key partners     X           X   
No shift to 
suppliers                 X   

Key 
activities       X   X X   X   

Motivates 
project users     X           X   

No shift to 
project user                 X   

Customer 
relationship     X           X   

Fair 
distribution     X         X   X 

Account for 
impacts   X       X   X   X 

 
Observing the crossing between RPM principles and SPM variables the following may be 
detected: 
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− Social Dialogue, which measures how the project shows empathy with the stakeholders, 
covers several principles. The responsible project management evolves from “taking 
stakeholders into account” to “be managed for stakeholders”. 

− Stewardship is met by several variables, whose definitions show that the all six types of 
stakeholders - Users, Staff, Commercial Partners, Community, Environment and 
Investors - are formally recognized. 

− Uncertainty is not mapped. Does this mean that the Sustainable Project canvas does not 
consider uncertainty in its design? Most likely it means that through the processes to 
manage the eleven variables, uncertainty is eventually reduced. Nevertheless, it would be 
beneficial to include an additional variable, eventually embedded in the Activities part of 
the canvas to ensure that uncertainty is considered and, furthermore, is perched to a highly 
visible position. It must be remembered that the job of the project sponsors and project 
managers is to project, which means to design considering certainties and also the sure 
existence of uncertain places. 

 
4. Results and Conclusion 
 
The Sustainable Business Model at Project Level is an acceptable tool to bring down to practice 
the idealistic proposal of the Responsible Project Management Manifesto. Both mindsets identify 
the relationship with stakeholders as basic for creating value in general. 
Nevertheless, introducing a variable dedicated to design, monitor and control the uncertainties of 
the projects will provide higher confidence that they will deliver as expected, even when facing 
the unexpected… 
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Abstract: Manfred Saynisch [1] suggests that in a complex environment, with a substantial 
increase in complexity, a new management approach needs to arise. One with a new 
understanding in natural and social sciences - one with theories associated with human 
behaviour. The CoRDiT (Cognitive Readiness for Digital Transformation) model for Digital 
Transformation posits optimal behaviour performance as a critical factor in the ability of project 
managers and team members to process project information or cues in a complex, unpredictable 
environment and enhance their decision-making ability throughout the project life cycle. Digital 
transformation is proving to be one of the biggest trends of the 21st Century, and it promises to 
be a large part of businesses and organisations moving forward [7]. Things keep changing in the 
digital world [7], with unanticipated challenges like COVID-19.  This demand constant 
innovation to keep up, get ahead and stay ahead [7]. However, frequently people are left 
struggling to cope with the strictures of old mindsets rooted in the biological predispositions of 
human decision-making which include the effects of bias – heuristics that could “lead to severe 
and systematic errors” [3]. Emotion style, or emotionality, is an essential component of 
biological predispositions. Emotionality and regulatory ability can affect the ability to process 
project cues [2]. CoRDiT can help improve or acquire cognitive intelligence of project teams: 
nurture a psychologically safe environment; understand and manage stress; promote positive 
reappraisal (framing); enable delayed-gratification (leading to increase resilience); develop 
positive mood; enhance awareness. CoRDiT can reduce the effects of bias in decision-making in 
the challenging environment of digital transformation, and enable organisations to achieve 
desired organisational results better. The CoRDiT development and integration model bases on 
a transparent deduction from modern natural and social scientific theories to help to develop a 
mindset and environment for the management of complex digital transformation of organisations. 

Keywords: cognitive readiness, digital transformation, project management, decision making 

1. Introduction 

A complex adaptive project like DiT (digital transformation), is one that [3]: Has a network of 
components each of which has a varying influence on other connected components, and therefore 
exhibits complex collective behaviour; signals and processes information; is adaptive; is 
nonlinear and has phase transitions; is non-reductionist; exhibits emergence; is sensitive to initial 
conditions; has a tendency for self-organisation. CoRDiT model looks at the roots of project 
complexity that can be traced back to human behaviour in the face of VUCA (volatility, 
uncertainty, complexity, ambiguity) in the environment. CoRDiT model enables the readiness of 
project team members for the unexpected [4].  
Manfred Saynisch [1] suggests that in a complex environment, with a substantial increase in 
complexity, a new management approach needs to arise. One with a new understanding in theories 
associated with human behaviour. The CoRDiT model posits optimal behaviour performance as 
a critical factor in the ability of project managers and team members to process project 
information or cues in a complex, unpredictable environment of a DiT project and enhance their 
decision-making ability throughout the project life cycle. Digital transformation is proving to be 

51



one of the biggest trends of the 21st Century, and it promises to be a large part of businesses and 
organisations moving forward. Things keep changing in the digital world, demanding constant 
innovation to keep up, get ahead and stay ahead [7]. However, frequently people are left 
struggling to cope with the strictures of old mindsets rooted in the biological predispositions of 
human decision-making which include the effects of bias – heuristics that could “lead to severe 
and systematic errors”. Emotion style or emotionality is an essential component of biological 
predispositions. 
Emotionality and regulatory ability can affect the ability to process project cues. CoRDiT can 
help: improve or acquire cognitive intelligence; understand and manage stress; improve positive 
reappraisal (framing); increase resilience through delayed gratification; develop positive mood; 
enhance awareness and reduce the effects of bias in decision-making in the challenging 
environment of digital transformation. Furthermore, they enable organisations to achieve desired 
organisational results – KPIs. 
 
2. Cognitive Readiness and Digital Transformation 
2.1 Cognitive Readiness  
 
Cognitive readiness lead to efficient use of the inventory of competence areas - Perspective 
(Contextual), People (Personal and Social) and Practice (Technical) and the application of 
competence - knowledge, skills and abilities to achieve the desired results [5]. 
 
Cognitive readiness is the mental preparation (including skills, knowledge, abilities, motivations, 
and personal dispositions) an individual need to establish and sustain competent performance 
(competence, behaviour) in the complex and unpredictable environment [4], [8], [12]. Cognitive 
readiness is the situational analysis, adjustment and response to changing environmental factors 
(cues), the identification of risks, the development of risk mitigation strategies, and the adaptation 
of those mitigation strategies as the project progress through the project life cycle. 
 
Components that may form the basis for cognitive readiness include - situation awareness, 
memory, pattern recognition, teamwork, communication, adaptive expertise, interpersonal skills, 
resilience, critical thinking, metacognition, problem-solving, decision-making, mental flexibility, 
creativity and agility [4]. 
 
Cognitive readiness can be conceived as a set of three necessary abilities to [4]: 

• Recognise patterns in chaotic situations (situational awareness, memory, transfer) 
• Modify problem solutions associated with these patterns as required by the current 

situation (metacognition, flexibility and creativity). 
• Implement plans of action based on these solutions (decision making, leadership, 

automaticity, and channelling emotions).  
 

Project managers and team members should be trained to assume cognitive readiness competence 
to deliver an effective response to unpredictable events. Therefore, the need for cognitively ready 
project teams and organisations has become a vital concern for serious-minded business 
executives [3]. 
 
The goal of the IPMA ICB4 is to enrich and improve the individual’s competence in project 
management; provide an inventory of competence that, if fully realised, represent complete 
mastery of the Project Management discipline. Projects begin and end with people, and competent 
execution is at the heart of every successful project [5]. 
 
The individuals within the teams must be introduced to, trained, and mentored in the inner world 
of cognition. Successful outcomes in complex projects require that project managers and team 
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members, who are an essential and inevitable component of the project, perform at the highest 
level of their cognitive competences. Cognitive readiness lead to efficient use of the inventory of 
competence areas: Perspective (Contextual), People (Personal and Social) and Practice 
(Technical) and the application of competence - knowledge, skills and abilities to achieve the 
desired results [5].  However, frequently little time and money are expended on training, 
mentoring, and developing the project team cognitive readiness as part of the project start-up 
phase to enable the team’s efficient application of competence. 
  
2.2 Digital Transformation - The challenge of change 
 
Over the past couple of decades, digital technology has undoubtedly changed the way we work. 
Most organisations have adopted new technologies. However, they have also frequently left their 
people struggling with traditional structures and old back-end information technology systems. 
As the pace of change advance exponentially, the ability to respond is linear, causing the gap to 
widen with time (see Fig. 1). Many companies struggle with this fundamental problem.  
 

 

Fig. 1. Exponential pace of change and linear organisational ability 

The exponential pace of change poses an increasing challenge to organisational capabilities like 
complicated, bespoke legacy IT systems, encumbered with costly customised implementations, 
prevailing organisational culture, processes and operating model.  
 
Making the linear ability exponential requires a shift in mindset and culture from leaders and their 
teams. It requires a willingness to work more closely together because it affects everybody in an 
organisation, whatever their function. It is about using technology to enhance individuals – 
leaders, their teams, value chain partners and customers – giving them the everyday superpowers 
they need to create more value together. To successfully make all that happen requires a 
framework and a positive mindset to get everyone bought in and fully committed [7].  
 
“Digital transformation (business transformation), is a response to the rapid adoption by humans 
(customers) of digital technology powered by the internet. Transformation success depends upon 
humans (employees) working effectively with digital technology to deliver better customer 
experiences for other humans. It enables new ways of working and creating value (innovation) 
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rather than simply enhancing traditional methods. It frees humans to do what they are best at 
(creativity)” [7]. 
 
The CoRDiT model can enable organisations to develop work routines of transformational change 
that supercharge and convert their ability to exponential. 

2.3 Digital 
 
A definition of digital for business is Social, Mobile, Analytics and Cloud –SMAC. This 
definition bases on the idea that the convergence of these four applications of digital is currently 
driving business changes. This definition only reveals part of what digital means in practice. To 
accommodate the growing impact of the Internet of Things (IoT), artificial intelligence (AI) it 
could soon become something like SMACAII or perhaps SMABCAIIVAR to also include 
Blockchain as well as virtual and augmented reality (VR/AR). [7] 
 
A preferred definition of digital in business transformation terms is: “any technology that 
connects people and machines with information or with each other, facilitating a new way of 
doing business”. It is fundamentally about connectivity. It has created the new connected project 
team, stakeholders, the customer. An understanding of what digital is matters because it sets the 
digital agenda within organisations - there must be shared responsibility across all areas of the 
organisation. No single function can or should own digital [7].  Although individuals can adapt, 
it takes a whole organisation to evolve. Asking fundamental questions like “why do we need to 
change?” and “why do we do things this way?” is the first step a leader can take to achieve team 
alignment and a shared purpose [7].  Change is more manageable with nimbler organisations 
(fewer people), less large-scale legacy technology and less hierarchy and bureaucracy – assuming, 
of course, that people have the right attitude and skills [7]. 
 
3. CoRDiT Model 
 
The IPMA’s ICB4, if fully realised by an individual, represent complete mastery of the Project 
Management discipline. In other words, it presupposes relevant skills and knowledge, and the 
application of these in practice, in the right manner on the right time to achieve effective or 
superior performance [5]. However, recent studies published on the irrationality of human 
decision-making question how much fact bases drive the decision process. 
 
Advances in psychology and neuroscience have enabled professionals to gather hard evidence 
from repeatable experiments to support new theories around the biological bases of human 
decision-making [9]. This includes the effects of bias – heuristics that could “lead to severe and 
systematic errors”, that the brain follows for many of the more straightforward, automatic actions 
a human performs during a typical day [4]. For a project or team member, pattern recognition and 
systems thinking and interpretation of stoplight charts or standard lines on an earned value report 
can become part of the heuristics to help manage projects. Unfortunately, some of the heuristics 
that developed to help humans deal with threats during the early period of the development of the 
human species still occur and produce reactions that could “lead to severe and systematic errors,” 
[3]. The more familiar and pernicious of these biases in a project setting include [3]: 

• optimism bias and planning fallacy - contribute to underestimating project costs and 
durations;  

• anchoring bias - reduces one’s ability to readjust one’s expectations from an initial 
incorrect estimate to a subsequent and correct view; 

• cognitive dissonance and confirmation bias - work to the dismissal of any information 
that contraindicates a previous poor decision and to search out only information that 
supports it;  
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• sunk-cost bias - hinders one’s inclination to terminate a failing project despite, or perhaps 
because of, the money already spent; 

• framing effect, in which project decision-making can be significantly influenced solely 
by how the decision is approached or presented; and 

• ingroup/ outgroup bias - adversely affect the functioning of a newly formed project team. 
 

As a project or manager, one may be aware of one’s own physical or mental cues, but team 
members or stakeholders may not. One needs to learn, where possible, the cues that signal 
emotional responses of team members or other stakeholders. It is part of the broader need of the 
project manager to get to know the team members from each of the intelligence perspectives, to 
serve the achievement of the objectives of the project and to achieve a healthy, functioning team. 
[4]. The CoRDiT model can help develop and integrate competences for the management of 
complex digital transformation of organisations by: 

• Recognising patterns in chaotic situations. 
• Modifying problem solutions associated with these patterns as required by the current 

situation. 
• Implementing plans of action based on these solutions and enhance a memory storage of 

effective decision-making schemas for future recall and use with automaticity and 
channelled emotions.  
 

3.1 Cognitive Intelligence 
 
CoRDiT model, adapted from the model of social information processing [2], [11], includes a 
memory store (database) of acquired competences, knowledge, and schemas of project managers, 
and team leaders. Project managers and team leaders’ representations of experience include 
affective as well as cognitive components termed “affect–event links” (see Fig. 2). Project 
managers and team leaders’ knowledge can be cured by events and/or by emotion cues, and events 
may cue emotions.  
 
3.2 Emotion Process 
 
Project managers and team leaders enter a social situation with a general level of physiological 
arousal and/or mood (see Fig. 2) which may not necessarily be related to that situation. For 
example, feelings of anxiety in a peer entry situation may be related to the terrible fight with a 
spouse this morning or past experiences of rebuff by a peer [2].  
 
Project managers and team leaders also differ in their skill at regulating arousal or mood. Those 
who are weak regulators have a higher risk for maladjustment and will show deficits in their 
ability to encode and interpret events and/or emotion cues (information processing deficits). 
 
3.3 Encoding and Interpretation of Cues 

 
The peer entry and provocation situations or emotional episodes like an unfavourable project 
status report with missed threshold values are especially likely to be emotionally arousing 
(stimulating) for project managers and team leaders. Moreover, in these situations, project 
managers and team leaders are unlikely to know all relevant information which would assist 
problem-solving, and the outcomes of these situations are uncertain. Despite these limitations, the 
project managers and team leader still need to do something, make decisions.  
  
Project managers and team leaders enter a given social situation with a combination of limited 
capabilities: personal predispositions and a database of memories of past experiences, and that 
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selective attention, perception, memory, emotion process and processing speed set limits on what 
project managers and team leaders notice and process about a situation.  
 

 

Fig. 2. CoRDiT model., adapted from [2], [11]  

Project managers and team leaders vary in the intensity with which they experience and express 
emotions and in their skills for regulating emotions. Emotionality and regulatory ability will affect 
both processing of information and decision making in challenging situations [2] (see Fig. 2) 
The first two steps of the model involve encoding and interpreting cues. One’s own internal 
emotion cues must be encoded and interpreted along with other situational cues. The process of 
encoding and interpreting cues can result in a change in the discrete emotion experienced or in 
the intensity of a pre-existing emotion [2]. 
 
One’s own and others’ affective signals (cues) provide ongoing information about how an 
encounter is proceeding, allowing for sensitive adjustments to behaviour.  
 
The mutual regulatory function of affective signals may work exceptionally well with familiar, 
well-liked interaction partners. At first, team members, and later other project stakeholders, whose 
signals may be easier to read and interpret and with whom the project manager and team leader 
are more likely to feel empathy. The nature of emotional ties with an interaction partner also may 
influence encoding and interpretation. Being teased by a team member is quite different from 
being teased by the project stakeholders external to the core project team [2]. 
 
Mood, level of arousal, or discrete emotions influence encoding and interpretation (whether pre-
existing or the result of appraisal). Mood, emotions, and/or arousal (stimuli) can affect noticed 
encounter and make the recollection of mood-congruent information more likely, thus influencing 
the interpretation of project situation cues. The intensity with which project managers and team 
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leaders experience emotions and their skill at regulating emotion also will influence noticed 
meaning attributed to the situation. 
 
3.4 Clarification of Goals 

 
Goals are “focused arousal states that function toward producing (or wanting to produce) 
particular outcomes”. Goals are either internal (maintaining or regulating emotion) or external 
(e.g., instrumental goals, such as influencing). Emotions can act to energise particular goals. For 
example, being in an angry mood makes it more likely that a peer will focus on instrumental 
goals, whereas in positive moods, an individual may choose goals that maintain their pleasant 
moods. Goal selection and/ or attainment may modify mood or emotion [2].  
 
Peers’ affective cues can also influence goals. Positive affective signals may promote affiliative 
goals, whereas negative cues may discourage affiliation [2]. The intensity with which project 
managers and team members experience emotions and their efficacy for regulating emotions will 
influence the types of goals pursued in project situation encounters [6]. Project managers and 
team members who are overwhelmed by their own and/or others’ emotions may choose avoidant 
or hostile goals to reduce their arousal. Project managers and team members with deficits in 
affective cue detection and empathy may find it easier to pursue goals that are destructive to the 
project goals (KPIs) because they have lost sight of the project mission [2], [10]. Poor regulatory 
abilities may interfere with assessing the situation from different cognitive and affective 
perspectives and prevent a flexible approach to goal selection which considers contextual factors 
[6]. Instead, project managers and team members goals may be rigid because they result from 
“pre-emptive processing”. 
 
The nature of the emotional ties between a project manager and team members and others 
involved in an encounter may bias goal selection. Social relational goals may be facilitated by 
friendship ties, whereas less positive relationships elicit quite different goals (e.g., avoidance, 
revenge). Social relational goals are both cognitively and emotionally more complicated because 
they require consideration and coordination of multiple cognitive and affective perspectives. 
Friendship ties may motivate team members to engage in this more effortful processing, partly 
because of the negative emotional consequences associated with hurting a team member and 
partly because of the desire to maintain an enjoyable working environment [2].  
  
3.5 Response Generation, Evaluation, and Decision  
 
In steps 4 and 5 team members access possible responses to the situation and evaluate these in 
terms of likely outcomes, goals, and self-efficacy for performing the response; select the most 
positively evaluated response concerning the team member’s goals. An emotion could influence 
team member accessing of responses they are experiencing, and accessing appropriate responses 
may modify an emotion. For example, feeling angry, frightened, or happy may cue different 
response types. Given that representations of these responses include an affective component, 
retrieval of particular strategies should cue certain emotions. For example, if experiences of 
avoidance are associated with a reduction in anxiety, accessing avoidant responses may moderate 
feelings of fear [2]. 
 
The intensity of emotions experienced and the capacity to regulate emotion can influence the 
accessing and evaluation of responses. Team members who experience intense emotions may be 
too overwhelmed and self-focused to generate a variety of responses and evaluate them from all 
parties’ perspectives, which can result in avoidance, angrily retaliating and no further interaction. 
Skill at regulating emotions in challenging project situations makes possible the more effortful 
processing involved in accessing and evaluating several responses. Good regulators may be more 
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likely to consider the situation from multiple cognitive and affective perspectives which should 
facilitate selecting a more competent response/behaviour [2].  
 
Team member’s expectations about the emotional consequences of various responses constitute 
a critical component of the response evaluation process, and emotion expectations contribute 
importantly to socio-moral reasoning and behaviour. A team member may be more likely to 
consider another’s reaction if he/she cares about and wants to demonstrate a competent 
response/behaviour to peers.  
 
3.6 Response Enactment 
 
Finally, the project manager and/or team leader enacts the chosen response. Several emotion-
related processes can influence response enactment. The intensity of emotions experienced and 
the project manager’s and/or team leader’s regulatory capacities can influence response 
enactment. Knowledge, skill and ability may not be put into practice under highly arousing 
conditions. The ability to flexibly display emotions appropriate to the situation requires both 
control over one’s expressivity and sensitivity to the situation from multiple perspectives [2], [6]. 
Moreover, the project managers’ and/or team leaders’ and others’ emotion cues provide an 
ongoing source of information concerning how the encounter is proceeding, allowing the project 
manager and team leader to adjust his/her response enactment [2]. Project managers and team 
leaders with deficits in reading and sending emotion cues may resort to relatively rigid approaches 
to situations. Emotion cues also can inform the project manager and team leader about the ultimate 
success or failure of his/her response enactment. Emotion cues are part of the representation of 
the encounter stored in the project manager and team leader database of knowledge, skill and 
ability, represented in the IPMA ICBv4.  
 
4. Results and Conclusion 
 
The CoRDiT framework, with its reference models, will help to develop and integrate 
competences for the management of complex digital transformation of organisations. And, is 
based on a transparent deduction from modern natural and social scientific theories with their 
paradigms [1]; 
 
The research and development CoRDiT model is in a draft state. Furthermore, it will include 
research and development on subjects to become better practical solutions for the digital 
transformation of organisations. 
 
Intensive and new education and training programs for organisations implementing digital 
transformation initiatives will be developed. These education and training programs are an 
integral part of the CoMDiT (competence for managing digital transformation) programme – an 
initiative by a consortium of several European universities in the field of project management. 
 
The CoRDiT competence development model for managing transformational change will cover 
research topics on: 

• the impact of the emotion process, emotionality on the ability to process information and 
access cues for effective decision making in a complex environment of the digital 
transformation of an organisation. 

• the behaviour of an individual as posited by Lewin’s equation, B = f(P, E), a heuristic 
formula proposed by psychologist Kurt Lewin as an explanation of what determines 
behaviour. That an individual’s behaviour may be different in unique situations, as he 
or she is acting partly in response to these differential forces and factors [13] 
predominant in a digital transformation environment of an organisation.  
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• the impact of personal disposition like biases – including the strength and weakness of 
biases in the process of decision-making. A study of the hot (system 1) and cold (system 
2) mechanisms for managing biases to enhance decision making capability in a complex 
environment of digital transformation. 

• the impact of behaviour on achieving maximum performance in a complex environment 
of digital transformation. The importance of delayed gratification in building resilience. 

• cognitive intelligence: the individual competence baseline - a tool for creating a 
memory store of tested schemas with affect-event links. 

• the importance of a digital twin environment - the source of truth for creating, 
accumulating, transforming data into information and sharing this information for 
subsequent encoding and interpretation of cues by project managers and team 
members and enhanced decision-making. 

• psychological safety - a prerequisite for the successful design of a decision-making 
environment for digital transformation. 

• complexity dimensions of digital transformation projects of an organisation.  
• CoRDiT Index – a measure of readiness for digital transformation 
 

5. References 

[1] M. Saynisch: Mastering Complexity and Changes in Projects, Economy, and Society via 
Project Management Second Order, Project Management Journal (PM-2) (2010) 

[2] Lemerise, E. A., & Arsenio, W.F. (2000). An integrated model of emotion processes and 
cognition in social information processing. Child Development, 71 (1), 107-118. 

[3] Belack, Carl, Di Filippo, Daniele, Di Filippo, Ivano.: Cognitive Readiness in Project Teams: 
Reducing Project Complexity and Increasing Success in Project Management (2019) 

[4] Fletcher J.D. Cognitive Readiness: Preparing for the Unexpected. 
https://apps.dtic.mil/dtic/tr/fulltext/u2/a458683.pdf, last visited on July 19, (2020) 

[5] The Next Generation of Competence: ICB4 - IPMA .... https://www.ipma.world/the-next-
generation-of-competence-icb4-2/, last visited on June 15, (2020) 

[6] Samenvatting artikelen week 1 - 4 Kind en omgeving .... 
https://www.studeersnel.nl/nl/document/universiteit-utrecht/mk-kind-en-
omgeving/samenvattingen/samenvatting-artikelen-week-1-4-kind-en-omgeving/1126407/view, 
last visited on June 15, (2020) 

[7] https://www.routledge.com/rsc/downloads/Digital_Transformation_v2.pdf, last visited on 
July 19, (2020) 

[8] Ayala D. The effects of cognitive readiness in a surface warfare simulation  

[9] https://www.ipma.world/cognitive-readiness-for-complex-projects-and-programmes/, last 
visited on July 19, (2020) 

[10] Cohen, D., Strayer, J. (1996). Empathy in conduct-disordered and comparison youth. 
Developmental Psychology, 32 (6), 988-998.  

[11] N. R. Crick & K. A. Dodge, A review and reformulation of social information-processing 
mechanisms of children’s social adjustment, (1994), Psychological Bulletin, 115, p. 74. 
Copyright 1994 by the American Psychological Association  

[12] Tillson J. C. F. et al., Learning to Adapt to Asymmetric Threats, (2005) 

[13] https://en.wikipedia.org/wiki/Lewin%27s_equation, last visited on June 15, (2020) 
 
 

59

https://apps.dtic.mil/dtic/tr/fulltext/u2/a458683.pdf
https://www.ipma.world/the-next-generation-of-competence-icb4-2/
https://www.ipma.world/the-next-generation-of-competence-icb4-2/
https://www.studeersnel.nl/nl/document/universiteit-utrecht/mk-kind-en-omgeving/samenvattingen/samenvatting-artikelen-week-1-4-kind-en-omgeving/1126407/view
https://www.studeersnel.nl/nl/document/universiteit-utrecht/mk-kind-en-omgeving/samenvattingen/samenvatting-artikelen-week-1-4-kind-en-omgeving/1126407/view
https://www.routledge.com/rsc/downloads/Digital_Transformation_v2.pdf
https://www.ipma.world/cognitive-readiness-for-complex-projects-and-programmes/
https://en.wikipedia.org/wiki/Lewin%27s_equation


ENTERING THE AREA OF DIGITAL TRANSFORMATION: TIME 
TO REDEFINE PUBLIC SECTOR’S PERCEPTION OF RISK IN 

RELATION TO INNOVATION? 
 

Kristin Helene J. Hafseld 
 

Kristin.h.j.hafseld@ntnu.no 
Norwegian University of Science and Technology - NTNU 

Faculty of Engineering, Department of Mechanical and Industrial Engineering 
NO-7491 Trondheim, Norway 

 
Abstract: Governments around the world are in the midst of a digital transformation, going from 
analog operating models to radically innovative, digital ones. The ongoing digitalization of the 
economy is one of the key drivers of innovation. Governments will innovate not only in service 
delivery, but in all facets from policy formulation to communication channels. Being innovative, 
however, implies risk-taking. This relationship is broadly acknowledged, yet it has been 
questioned if public sector is accepting risk as a part of the innovation process. In this paper, the 
author has conducted a small, iterative literature review in order to get a first impression of the 
extent and the nature of the research activities in the area and if there is any possible value of 
undertaking a full systematic review. The findings may suggest that while the notion of risk in 
relation to innovation in public sector has been explored more widely during recent years, it 
needs further research, including a systematic literature review, especially as the governments 
are on the edge of a disruptive, digital innovation-process, transforming the way they 
communicate, work and operate.  
 
The paper puts forward some ideas that could be of interest for further consideration and 
research. These include: (a) how will entering the area of digital transformation affect public 
sector’s perception of risk in relation to innovation? (b) do radical and disruptive innovations 
require a new set of risk management in public sector?, and (c) which strategies should be 
implemented in order to encourage positive risk-taking in public sector in the era of digital 
transformation? Drawing from the literature studied these questions have yet to be treated 
thoroughly in literature as well as being tested empirically.  
 
Keywords: risk, innovation, public sector, public service, digital transformation 
 
1. Introduction 
 
Digitalization will change business and society as we know it today [1]. The ongoing 
digitalization of the economy holds many promises from spurring innovation; generate 
efficiencies, as well as improving services. Digitalization involves transformation of key business 
operations and affects products, processes as well as organizational structures and management 
concepts [1].  The speed of this change is dependent on the context of this transformation: if the 
organization is forced to be changed or does it by its own. A target state, which can be reached 
by a digitalization process, is called an Industry 4.0, a new state of industrial revolution [2]. 
 
There are several definitions of public sector innovation. According to a recent literature review 
there are two dimensions that are pre-dominant in most definitions. The first one is the novelty 
and the second one is the first adoption of an idea by a given organization. As the definition of 
innovation is quite wide, the term innovation is often classified according to the type of innovation 
in question. There are four main classifications; process innovation; product or service 
innovation; governance innovation and conceptual innovation [3]. The major classification class 
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is the process innovation that includes administrative process innovation. The findings from the 
literature review [3] indicate that little research has been done in terms of technological process 
innovation. A type of innovation that often relates to e-government initiatives and efforts.  
 
Policy makers and government leaders are often mentioning the concept of innovation in 
connection with digital transformation. However, public sector’s interest in innovation is not new; 
it has been around for a couple of decades [4] [5]. This interest is originated from the need to 
improve the quality and efficiency of public services and thus enhancing the problem-solving 
capacity of governmental organizations in dealing with societal challenges. Scholars and 
practitioners alike have also become increasingly interested in innovation in public sector, 
embracing the idea that innovation can contribute to improving the quality of public services [6] 
[7].  
 
It has been argued that the rise of the digital era has increased the level of interest in public sector’s 
innovation initiatives even further. The main reason is the economic development these initiatives 
promote [8]. Digital transformation is an opportunity to accelerate public services, such as health 
care performance, by lowering cost and improving quality [9].  
 
The past two decades have witnessed an increase in the interest of public sector innovation, yet 
there is a common understanding that public sector is not leveraging from the benefits of 
innovation due to its fear of taking risk. Bureaucratic and political cultures are often viewed as 
particularly risk-avoiding cultures [10]. Researchers and practitioners have challenged public 
sector’s ability to treat risk with a positive connotation in relation to innovation. They point to 
findings and theories demonstrating that public sector, in pursuit of efficiency in public services, 
is being risk adverse, stressing on the downside of risk and support for a culture of risk aversion 
[11]. Risk and risk-taking are generally negatively perceived by public sector organizations [12]. 
Rather than seeing risk as a necessary part of innovation, risk is still perceived as a concept to be 
minimized or even avoided. An attitude, which comes at the cost of innovation initiatives [13].  
 
As the above sections indicate, risk-aversion may still be prevalent in public sector, an attitude 
that might hinder successful innovation. However, is the assumption that the public sector is risk 
averse and thus prevents public sector managers from being innovative, accurate in the rise of a 
digital era? The research question is of interest to the author in connection with the undertaking 
of a PhD-project on digital transformation and managing digitalization projects in the public 
sector. By conducting a simple, iterative literature review, the paper will examine the nature and 
the extent of the research activities in the area as to determine the value of undertaking a full 
systematic literature review. The findings may also reveal possible initial indications that there 
might be research gaps in the research literature to fill.  
 
2. Literature Review (Limited Review) 
 
This literature review is not, as previous stated, a systematic review. It is limited in scope, 
intended to serve as an initial indication of any possible research gap in the field. The review was 
undertaken in May 2019 by use of an inductive approach. The technique is borrowed from 
grounded theory [14]. The research started with running queries against online databases to get 
overview of the coverage offered by literature in various disciplines. The search terms were 
‘public sector’, ‘public service’, ‘innovation’, and ‘risk’, with all terms treated as necessary and 
the domain limited to peer-reviewed articles. The data bases searched were Scopus, Science 
Direct and Google Scholar. More than 30 works on risk and innovation, mainly from the socio-
economical literature, but also the innovation literature, were investigated.  
 
Based on the findings of the initial search on the topic of risk and innovation in public sector, the 
search was extended to include the following terms: “digital transformation” and “public 

61



services”.  It was expected that the combination “risk”, “innovation”, “public sector”, “public 
services” and “digital transformation” might not result in a large number of articles. This being 
the case; after a manual assessment of some 20 articles, the search yielded one further peer-
reviewed article. The article was that of [15]. The newness in their research is the empirical studies 
that they have conducted which offer new insight to the relationship between risk and innovation 
in public sector in the era of digital transformation. An overview of the main findings is presented 
in Table I. 
 
A relatively small sample of articles in Table I may indicate that little research has been conducted 
in examining the public sector’s appetite for risk entering the area of digital transformation. 
Searching from the period 2000-2019, the findings show that there are several published research 
articles about risk and innovation in the period 2003-2017.  This is a period where New Public 
Management well established, and innovation and private partnership in public sector were the 
dominating [16]. None of the articles were directly linked to the on-going digital transformation 
process in the public sector. The findings also revealed that most research on the topic is done in 
Australia, New Zealand and UK. The geographic area where New Public Management gained the 
most influence [17]. 

 
TABLE I. Overview of Research in the Area of Risk and Innovation in the Public Sector 

 
Author/ 
journal/ year  

Country   Purpose/researc
h question 

Main analytical/  
academic terms  

Methodology  Findings  

B. Bozeman, 
G.  
Kingsley, Risk 
culture in 
public and 
private 
organizations, 
Public 
Administration
. Review,  
58, pp. 109-
118 (1998)  

US  
  

Challenge the 
perception that 
risk-averse 
culture is more 
prevalent in 
public sector 
organizations 
than in private 
sector org.  

Theories on 
organization culture  
(e.g. Schein, 1985) 
and organizations' 
propensity to take 
risk (e.g. Mac- 
Crimmon and 
Wehrung, 1986).  

Questionnaire 
responses 
from 365 
middle- level 
and top-level 
managers in a 
wide variety 
of public and 
private 
organizations. 
Data drawn 
from the  
National  
Administrative  
Studies Project  
(NASP) 
surveys.  

Findings show that there 
is little evidence of the 
incidence of risk 
aversion being greater in 
the public compared 
with the private sector. 
Factors such as 
management style (e.g. 
the willingness of top 
managers to trust 
employees and to the 
clarity of organizations' 
missions) seem to be 
more indicative of an 
organization’s risk 
management approach 
than the differentiation 
between public and 
private sectors. 
Organizations with more 
red tape, weak links 
between promotion and 
performance, and high 
involvement with 
elected officials tend to 
have a less risky culture.   
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Author/ 
journal/ year  

Country   Purpose/researc
h question 

Main analytical/  
academic terms  

Methodology  Findings  

G. Bhatta: 
Don’t just do 
something, 
stand there! 
Revisiting the 
issue of risks 
in innovation 
in the public 
sector. Public 
Sector 
Innovation 
Journal, 8, 2. 
(2003)  

New  
Zealand  
  

Assess the nature 
of risks in the 
public sector, 
including factors 
that impact the 
degree of risk 
tolerance and 
risk appetites.   
  
  

Theories on 
uncertainty and 
information 
asymmetry 
(Kahneman and 
Tversky, 1979, 
Bernstein, 1996, 
Stiglitz, 2002), the 
principle of 
bounded rationality 
((Simon, 1947, 
Lipman (2002), 
theory on 
organizational risk 
(Scott, 1999), 
theories on 
innovation (Greve 
and Taylor, 2000).  
 ‘Wicked problems’ 
(Churchman, 1967) 
for public services; 
even when made 
under uncertainty, 
must meet higher 
standards of 
democratic scrutiny 
than do the unilateral 
‘executive decisions’ 
of the private sector    

Review of 
literature, use 
of the author’s 
cross-
jurisdictional 
experiences.  
  

Public org.’s tolerance 
for risks vary according 
to variables such as legal 
mandate, strategy, 
organizational culture; 
management style; the 
responsible minister’s 
own risk appetite; and 
the organization’s age. 
There is a gap in 
empirical knowledge 
regarding the 
relationship between risk 
and innovation in public 
services.  

P.L. 
Bannerman: 
Software 
Project Risk 
in the Public 
Sector, 
Australian 
Software 
Engineering 
Conference 
(ASWEC'07), 
Melbourne, 
Vic., (2007)  

Australi
a  

The overall aim 
of the study was 
to contribute to 
fill a gap in 
research on risk 
management in 
the public 
sector.  
  

Selectionism and 
Learning in  
Projects with 
Complexity and  
Unforeseeable 
Uncertainty  
(Sommer), 2004; 
Exploring Classical 
Contingency 
Domains:  
One Size Does Not 
Fit All  
Projects (Shenhar, 
A.J.),  
2001.Risk 
Management in 
ICT,  
(Pfleeger S.L), 2000  

Structured 
interview with 
23 informants 
representing 
17 
government 
agencies. IN 
addition, one 
case study 
conducted.  
  

The study confirms that 
much of current ‘best 
practice’ project and 
risk management is 
equally relevant to the 
public sector as it is to 
the private, but it also 
challenges some 
traditional thinking 
about software projects 
and risk.  

L. Brown: 
Balancing 
risk and 
innovation to 
improve 
social work 
practice. 
British 
Journal of 
Social Work, 
40(4),.pp.121
1-1228, 
(2010) 

UK and 
Australi
a  

The paper 
explores the 
issues facing 
government 
organizations 
attempting to be 
innovative and 
examines what 
potential 
innovation has 
in this context 
to realise 
government 
ambition.  

«Innovation journey 
» by Van de  
Ven ,1999,  
Theory on the need 
to develop standards 
for public sector 
risk management 
that can counteract 
the ‘contradictory 
pressures’ put-upon 
public-sector 
organisations to be 
entrepreneurial yet 
ensuring,   
Hood and Rothstein 
(2000)  

Case studies 
(4), public 
social work 
organizations  

Need for development 
of literature, language 
and resources that 
adequately support the 
process of managing 
risk in local authorities. 
Governments need to be 
aware of the risks 
involved in innovating 
and to prepare local 
authorities to take on the 
risks that innovation 
will pose.   
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Author/ 
journal/ year  

Country   Purpose/researc
h question 

Main analytical/  
academic terms  

Methodology  Findings  

L. Brown, 
S.P. Osborne: 
Risk and 
innovation: 
towards a 
framework 
for risk 
governance in 
public 
services, 
Public 
Manage. 
Rev., 15, pp. 
186-208, 
(2013) 

UK  A conceptual 
paper that 
theorize a new 
approach to 
understanding 
risk in 
innovation in 
public services.  

The risk 
minimization 
approach (  
Stulz, 1996),  
The risk analysis 
approach, 
(Rasmussen, 1997), 
open systems 
approach, Renn, 
2008.  

Literature 
review  

Provides a holistic 
model of risk 
governance in rel. to 
innovation in public 
services. Argues that 
existing approaches to 
risk and innovation are 
not sufficiently 
developed and propose 
a framework of risk 
governance that aims to 
address these issues. 
Suggests a research 
agenda for the future.  

W. 
Townsend: 
Innovation 
and the 
Perception of 
Risk in the 
Public Sector. 
International 
Journal of 
Organizationa
l Innovation, 
5(3), (2013) 

US  Examines the 
impact that the 
perception of 
risk has upon 
innovation 
recognition and 
development in 
the public 
sector.  

New public 
Management  
(Osborne, et al, 
Sorensen & Torfing 
(2010); Culture of 
empowerment   

Literature 
review   

Indicate that a critical 
impediment to 
increasing innovation in 
public sector 
organizations is 
aversion to risk by both 
individual actors and by 
public organizational 
culture. Solutions to this 
is modification of the 
calculus of risk through 
cultural modifications. 
Maximize innovation 
possibilities through a 
change to public 
organization culture that 
is empowering and 
tolerant of failure, when 
failure occurs in the 
public interest.   

T. Palermo: 
Accountabilit
y and 
expertise in 
public sector 
risk 
management: 
a case study. 
Financial 
Accountabilit
y & 
Management, 
30, 3 pp. 322–
341, (2014) 

UK  Examines how a 
new risk 
management 
framework is 
developed in a 
large public 
organization. 
Explores how 
formal risk 
management 
structures, roles 
and instruments 
are related to a 
variety of 
environmental 
pressures and 
work of 
multiple 
organizational 
actors.  

New institutional 
theory and research 
on risk management 
and accounting.   

 Case study   Risk managers can be a 
source of innovation in 
the public services when 
they adopt a ‘soft’ 
relational approach to 
risk management, rather 
than a technocratic one.   
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Author/ 
journal/ year  

Country   Purpose/researc
h question 

Main analytical/  
academic terms  

Methodology  Findings  

Gianfranco E., 
Johnson, G.W., 
International 
Journal on 
Cloud 
Computing: 
Services and 
Architecture 
(IJCCSA), 
Vol. 5, No. 
2/3, June 2015  

UK  
  

Investigates 
factors 
influencing 
public managers’ 
risk-taking when 
adopting 
disruptive, 
digital 
innovation (i.e. 
cloud computing 
services).   
  

Organization’s risk 
culture, risk 
perception and risk 
propensity [22], 
decision-making 
process [23] and 
personal 
characteristics  
of risk takers  

Semi-
structured 
interview with 
24 government 
professionals.  
  

Contributes to build a 
conceptual framework 
that describes the 
linkages between 
different factors 
influencing risk 
acceptance when 
adopting radical, digital 
innovations (i.e. cloud 
computing services) in 
government 
organizations.  
Influencing factors: 
desired risk exposure 
and risk tolerance 
within the individual 
organizations. Should 
effectively 
communicate the 
benefits and 
opportunities provided 
by the innovation (cloud 
services).  

S.P. Osborne 
and S.S: 
Flemig: 
Conceptualizin
g risk and 
social 
innovation: An 
integrated 
framework for 
risk 
governance. 
Society and 
Economy in 
Central and 
Eastern 
Europe, 37(2), 
pp.165-182 
(2015) 

Europe  Focuses on 
studying risk in 
social/sustainabl
e innovations in 
the public sector.  
  

Public 
administration and 
public management 
literatures on 
different 
approaches to risk. 
Evolutionary 
innovation, 
expansionary 
innovation, and 
total innovation 
(Brown and 
Osborne, 2013).  
Differentiate 
between three 
approaches to risk: 
technocratic risk 
management, 
decision risk 
management, and 
transparent risk 
governance,  
Renn (2008)  

Comparative 
case study 
across 4 EU 
countries. 
Multimethod 
research 
design: survey 
analysis in 
combination 
with 16 case 
studies (4 EU 
countries). In-
depth 
interviews with 
key 
stakeholders.  

Recommend creation of a 
risk governance 
structure, in which risk 
and social innovation are 
balanced based on the 
particular context of each 
innovation project. Need 
to  
entail flexibility in order 
to adjust risk 
management according 
to different levels of risk.  
  
  

S. Flemig, S. 
Osborne, T. 
Kinder, “Risky 
business – 
reconceptualizi
ng risk and 
innovation in 
public 
services”. 
Public Money 
& 
Management, 
36, 6, p.425-
432, (2016) 

UK  Explore the 
relationship 
between risk and 
innovation in 
public.  

Financial 
accountability and 
risk, Renn’s (2008) 
risk governance 
approach.  

Literature 
review. 
Presenting the 
state of the 
literature 
across different 
disciplines and 
the academic 
and policy  
literature  

A conceptual framework 
for understanding the 
place of risk in 
innovation in public 
services. Present a 
typology of risk types 
and management 
approaches indicating 
different effects on the 
type of public service 
innovation.  
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Author/ 
journal/ year  

Country   Purpose/researc
h question 

Main analytical/  
academic terms  

Methodology  Findings  

N. Torugsa, A. 
Arundel. A.: 
Rethinking the 
effect of risk 
aversion on the 
benefits of 
service 
innovations in 
public 
administration, 
Research 
Policy, (2017), 
pp. 900-910 
(2017) 

Europe  Challenge the 
view that 
organizational 
risk aversion in 
the public sector 
is a stumbling 
block to 
innovation 
success.   

Configurational 
theory (Fiss,  
2007, Meyer et al., 
1993, Ragin, 2000, 
Ragin, 2008, 
Woodside et al., 
2013).   

Data from  
Innobarometer 
2010, 
telephone 
interview 
survey of 
innovation in 
randomly 
selected public 
administration 
agencies 
across three 
levels of 
government  
(local/municip
al, regional and 
national).   

The level of risk aversion 
is a relevant but not 
deterministic condition 
for the successful 
development of service 
innovations in public 
sector.  
There is no significant 
difference by level of 
organizational risk 
aversion in the share of 
agencies achieving high 
innovation benefits.  

 
The literature review also showed that the notion “public sector” was treated differently in the 
articles; sometimes with no distinct definition what type of public government or public sector 
organization the study at hand was focusing on. Some studies referred to “public organizations” 
and “governmental organizations” interchangeably. This is a weakness associated with this study, 
the scope of what define “public sector” is too wide.  
 
The findings may suggest that more research and empirical studies are welcomed. Futures studies 
should consider the differences in the public sector organizations functions/role/size, which make 
a difference in the organization’s appetite for risk. This will contribute to a more accurate 
understanding of risk and risk taking in public sector. Risk means different things according to 
which part of the public sector that is in focus, for instance if there are local governments or 
government agencies. Their risk appetite might also be reflected in how far they have come on 
the digital journey in terms of their level of digital maturity. This understanding will yield useful 
insight when designing appropriate strategies for how to govern risk in public sector in times of 
digital age, where disruptive innovation will be part of the game.  
 
3. Risk and Innovation in Public Sector Entering Era of Digital Transformation 
 
Findings from the limited literature review may suggest that that there is a lack of engagement 
with risk and innovation in relation to digital transformation in the public from the research 
community.  
 
Most of the literature reviews on public innovation that have been undertaken in recent years aim 
to conceptually grasp the meaning and importance of public sector innovation [3] [5]. Others 
address this challenge through a normative approach, which might have shortcomings, as 
compared to systematic overviews of empirical evidence, which are essential to summarize the 
existing, evidence-based body of knowledge and to establish a future research agenda [18].  
Several researchers state that even though risk is a necessary corollary to innovation, it still treated 
theoretically underspecified [13]. To date, almost all research on the effect of risk on public 
service innovation is based on conceptual theorizing or on a limited number of case studies 
[5][19].  
 
The search found two papers that might be the most comprehensive treatment of the topic to this 
date [5] [13]. They argue that positive engagement with risk is essential in pursuit of an effective 
management of risk in innovation in public services. The authors differentiate between soft and 
hard risk management approaches. Hard risk management being the rule and regulation-driven 
risk management, while soft risk management encompasses the more uncertain risks associated 
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with radical innovations. The latter one being more high-risk while also the one with the highest 
potential for most benefits for the service users.  
 
A recent empirical study has tested the effect of risk aversion on the benefits from innovations in 
the public sector [15]. The study empirically examined the strategies that public managers can 
use to innovate within a risk-averse culture in order to maximize innovation benefits. Their 
findings indicate that it is time to rethink the broadly accepted assumption that risk aversion in 
public sector agencies is “a stumbling block to innovation success”. 
 
4. Results and Conclusion 
 
This literature review is limited in scope and lacks a systematic approach; hence it has major 
shortcomings. The main purpose was to produce some initial indications on the value of 
proceeding with a full scale, systematic review. The findings may suggest that there is a research 
gap in terms of addressing how public sector is treating risk in the era of digital transformation, 
and if being risk averse is a hinder to innovation success. The findings ask for more insights that 
could move forward our understanding of risk in relation to innovation in public sector. The public 
sector being in the midst of a digital transformation process, new insights on the topic seems to 
be of particular interest to researchers and practitioners alike. Thus, a full, systematic literature 
review on the topic seems to be of interest and useful to the research community.  
 
The paper puts forward a couple of ideas that could be of interest for further consideration and 
research. These include: (a) how will entering the area of digital transformation affect public 
sector’s perception of risk in relation to innovation? (b) do radical and disruptive innovations 
require a new set of risk management in public sector? and (c) which strategies should be 
implemented in order to encourage positive risk-taking in public sector in the era of digital 
transformation? Drawing from the limited literature review, these questions have not yet been 
thoroughly examined in literature as well as being tested empirically. 
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Abstract: Development of the digital local suppliers’ database has seen to be important in the 

Tanzania Oil and Gas industry due to the rapid development of information technology (IT) in 

recent years. Developing this digital local suppliers’ database is among the strategies adopted 

by the Tanzania government to improve the local content by increasing the accessibility of the 

available local firms to the International Oil Companies (IOCs). In this database, all the local 

suppliers shall be registered in order to increase their accessibility in the oil and gas industry. 

This paper identifies and analyses the needs, and expectations of stakeholders that need to be 

considered while developing this digital local supplier’s database in Tanzania. The results 

presented in this paper are based on interviews to the main stakeholders of this database which 

includes database developers i.e. The Petroleum Upstream Regulatory Authority (PURA) and the 

Energy and Water Regulatory Authority (EWURA) and the end users of this database i.e. 

International Oil Companies (IOCs), National Oil Company (NOC) and the Local Suppliers. The 

identified needs and expectations include; (1) a user-friendly database (2) a sorting option of 

suppliers in the database (3) an accessible database (4) a well-defined database which adheres 

to the international principles (5) tenders and job advertisement within a database (6) security 

for the stored data and information (7) Accurate and reliable database information (8) Less cost 

during registration for the local suppliers. These findings can be used to assist the database 

developers to understand what are the needs and expectations of stakeholders of this database in 

order to be incorporated during the early design phase of this database. 
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1. Introduction 

 

For many decades after the introduction of computers, the management, storing, and manipulation 

of data have been a major focused area [1]. The need for managing data became important when 

it was learnt that organizations' achievements are associated with their ability to obtain accurate 

data that are related to their operations to meet their requirements [1]. The file-based system was 

then developed to help organisations in managing data. [2]. However, the weaknesses of the file-

based system have impelled the emerging of a new technology of a computerized system called 

database, which is more powerful, advanced, flexible, and efficient in managing organizations, 

data [1], [2], [3]. The database has been the catalyst for many significant developments including 

the business intelligence, electronic commerce, internet, and mobile communication [3]. Of 

recently, the database has become a fundamental tool for managing a large amount of 

organizations' information. It plays an important part in many areas where organizations depend 

on computers in their operations including engineering, business, law, medicine, education, 

library science and genetics [4].  

  

Now the database is a profound fundamental framework of data management and computerized 

system which facilitates changes in the way many organizations used to operate [3]. Though many 
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users are not aware of the fact that they use a database, still databases constitute a vital part of 

day-to-day activities which have a huge impact on the economy and society in general [3]. 

 

1.1 Problem Statement 

 

Developing a digital local suppliers’ database is among the strategies which has been adopted by 

the Tanzania government to improve the local content by increasing the accessibility of the 

available local firms to the International Oil Companies (IOCs). According to the Petroleum Local 

Content Regulations of 2017, IOCs are obliged to give priorities to the locals in employment 

opportunities. Following to that requirement, the government of Tanzania wants to develop a 

digital database whereby all local firms and individual experts will be registered. The objective 

of this database is to increase visibility and justification of the available and capable local goods 

and service providers to the oil and gas investors [5]. Development of this database will increase 

access to the locals and finally make them get involved in oils and gas projects.  

 

The development of this digital database will actively involve a significant number of 

stakeholders in the different thematic phases of the database lifecycle. The main question is: 

 

“What are the needs and requirements of stakeholders regarding to this database”? 

 

So far, no studies have been done in Tanzania to cover the area of this digital database. Most 

studies have focused on reviewing the Tanzania local content policy [6-7] and benefits of local 

content policy in relation to the socio-economic development [10-16].  

 

So, this research identifies the needs and expectations of important stakeholders in the developed 

database which will help to improve access to the available local capacity and competences of 

those who can participate in oil and gas projects. 

 

1.2 The Significance of the Study 

 

The implication of this paper is to enable the successful development of a digital local suppliers’ 

database in the Tanzania Oil and Gas Industry. Incorporating the needs and requirements in the 

earlier design phase will enable the government of Tanzania to achieve its goal in enhancing the 

participation of local firms in the oil and gas sector. 

 

2. Theoretical Background. 

2.1 The Concept of Stakeholders  

 

There are many definitions of the term stakeholders. In strategic management literature, the term 

stakeholder has been defined as an individual or group or organization who can affect (which 

means has the power to affect a firm’s performance and achievements) and can be affected by the 

firm’s performance and achievements  [17], [18]. According to the PMI [19] stakeholders have 

been defined as individuals or organizations which are being engaged in a project or whose 

interest are affected by the results of a project.  However, different stakeholders in the system 

development process have different needs and expectations depending on the influence they have 

on the success of the system. Stakeholders’ needs and expectations present the generic views, and 

context of those who affect or be affected either directly or indirectly with the organization’s 

operations [20]. The expectations are very important for evaluating stakeholders’ satisfaction. 

Different stakeholders in the system development process have different needs and expectations 

depending on the influence they have on the success of the system [21]. Stakeholders’ 

expectations can be defined as an individual’s forecasts prior to the use of the outcome of the 

project [22]. If the stakeholders’ expectations are met, then stakeholders will be satisfied with the 
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output of the system. According to [23], if stakeholders’ expectations are not met then this will 

lead to disconfirmation of stakeholders with the end results. 

  

2.2 The Concept of the Database 

 

The difficulties that arise on managing a large amount of organization information have prompted 

the development of the database system [2], [3]. [24] described a database as the place where data 

are stored, and these data must contain information about their relationships. In line with that, the 

database can be explained as a large repository of data that is accessed and used by many users 

within one or more organisations [2], [3]. Many researchers such as [1], [2] and [25], defined a 

database as a collection and storage of interrelated data that serve the needs of various users within 

one or many related organizations. Similarly, [3] defined a database as “the shared collection of 

logically related data and its description, designed to meet the information needs of an 

organization”. In other words, a database can be defined as a “self-describing collection of 

integrated records” because the database contains the data for the organization operations and 

descriptions of these data [2], [3] . In general, the word database is defined as the collection of 

shared related data used to serve operations of an organization.  

  

A database plays an important role in most of the areas where the computer is used including in 

education, medicine and mostly in business [2] . [2] described the properties of the database as 

follows.  

It collects and presents data which represent the real-world information. 

It consists of the collection of data which are built for the specific purpose. 

The data items are kept in a field.  

It is logically, clearly and internally consistent.  

The motivation for using database has evolved rapidly in the past three decades since its being 

readily available to multiple users, easier to access and update the integrated data, and its having 

less redundant data [3].  

 

3. Methodology 

 

In this paper, a general interview guide approach was used to collect data. The interviews were 

conducted in two phases. The first phase was the pilot interview which was conducted to test the 

adopted methodology as it is applied to most of qualitative studies. The pilot interviews were 

conducted as the preparation for the respondents to provide good responses based on the interview 

questions. The pilot interviews were seen to be very useful for this study as they helped the authors 

to identify and modify the interview questions where it was necessary as well as to get much 

information about stakeholders who would be involved in the database. The questions asked in 

the pilot interviews were modified in order to make it easier for the interviewees to understand 

the questions and to have a common understanding with interviewers.  

 

In the second phase, a total of (N=23) participants were interviewed, and each interview process 

lasted between 30 and 40 minutes. In most cases the face to face interviews were used while in 

some few cases, mobile phone and Skype were also used.  Mobile phone and skype method were 

used due to time limitation and the convenience of the respondents. The interviews were guided 

by general questions. However, apart from the general questions, other questions were raised 

during the interviews depending on the responses from interviewees. The flexibility of questions 

is one of the added advantages of the method used in this paper, and it presents the peculiarity of 

the method. The face to face interviews enhanced the ability of the interviewers to come up with 

other questions during the discussion. However, the general questions used were not fixed. 
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4. Findings and Discussion 

 

The needs and requirements of stakeholders are the individual’s forecasts prior to the use of the 

database system.  As described, the identification of the needs and expectations of stakeholders 

constitutes the main research question of this study. The needs and expectations are presented for 

each group of stakeholders because every group of stakeholders had some different expectations 

although there are some few common expectations. 

 

 

4.1 Needs and Expectations from the Database Developers 

 

Database developers are the people who will develop and maintain the database. For the case of 

Tanzania, these are the government bodies i.e. PURA and EWURA who have the mandate to 

regulate the petroleum activities. This means that the database developers represent the 

government of Tanzania who want to maximise the participation of local suppliers.  

 

The findings have identified that, the most emphasised expectation from this group of 

stakeholders was to see many local suppliers are being registered in the database. As quoted from 

developers that  

 

“We want many local suppliers and companies to participate in oil and gas projects. So, the 

main need and expectation from the local supplier database are to see many local suppliers who 

are qualified and meet the required standards are registered in the database”. 

 

This will enhance the government to know the available local competencies and capabilities in 

order to create realistic local content policies. Also, the government itself has the interest to add 

local suppliers in the oil and gas industry. Another identified expectation for this group, was the 

job prioritisation of the registered local suppliers. The government expects that jobs and tender 

prioritisation should be given to suppliers who are registered in the database. IOCs should procure 

the local suppliers who are only registered in the database. Furthermore, the developers responded 

that they expect a database which will be quick and easy to store and use the information. 

 

4.2 Needs and Expectations from International Oil Companies 

 

The International Oil Companies are the end users of this database who will be using the database 

by procuring the registered suppliers. Moreover, these types of end users are the ones who will 

be using this database frequently in their daily procurement process of local suppliers for their 

projects.  It is true to say that most of the expectations provided by stakeholders in this category 

were almost similar to each other though there were some few needs and expectations which were 

different from one another. The expectations from this group of stakeholders include:  

• Sorting option of suppliers in the database: The sorting solution was among the 

identified need from the interviews. This group of stakeholders expressed the need of 

having a database incorporated with a sorting option which will make easy for them to 

search for the specific supplier based on their requirements. Presence of the sorting 

solution would simplify the procurement process and reduce the searching time by 

entering a specific category of suppliers they want. The sorting solution should be in such 

a way that suppliers are classified according to the kind of service they provide, capacity, 

capability, financial capacity and competence.  Satisfaction of this need to stakeholders 

cannot be so challenging since it is not something new but a common option in computer 

programs as well as database systems which have been developed. Based on the literature, 

database systems normally exploit many sorting options which increase the chance of 

adapting gracefully to the fluctuations of resources in multiuser operations [26].  
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• Database accessibility: International Oil Companies as the end users expressed that they 

expect a database to be easy to access when required. According to [27], an accessible 

information system or database is the system that is usable by all type of stakeholders 

regardless of their ability to use it. To make a database potential to all stakeholders, the 

database developers should ensure accessibility of this database.  

• A well-defined with international principles database: Responses from this group of 

stakeholders declared that they need and expect the database to be developed with 

reference to the international standards of local suppliers. From the perspective of this 

group of stakeholders, the oil and gas industry is highly technological dependent. So, 

defining the database according to the international suppliers’ standards will be aligned 

with what is needed in the industry. These international suppliers’ principles have been 

defined by the United Nations (UN). UN has defined standard categories for products and 

services; there is also a standard for International Oil and Gas Producers (IOGP). It is a 

general standard that is internationally recognised and used in the industry. Those 

categories intend to help suppliers and companies to define what kind of services they 

can provide in the oil and gas projects. For that reason, it is most important for the 

database developers to set up the database by using internationally recognised principles. 

Moreover, the database should not be developed based on the Tanzanian context. It 

should instead rely on the international context. Designing a database by following the 

international standards and principle will make the database to be understandable for all 

types of stakeholders who are going to use it. A database should be a mutual tool, and it 

should not contain any restriction on the use, because the intention of the tool intends to 

allow all types of stakeholders to find the information about suppliers and to increase 

business opportunities for the local suppliers. However, it can be hard to satisfy 

stakeholders especially the International Oil Companies with this expectation in the 

database. This is because the oil and gas industry is new in Tanzania hence many of the 

local companies in Tanzania do not have international standard qualification which is 

required in the industry. To solve the, the government should empower the local 

companies so that they can comply with the required international standards and 

principles. 

• Accurate and reliable database information: This was also the concern of many 

interviews from the IOCs as users of the database during the interview. It was quoted 

from one interviewee that: “Information in the database would be valuable and trustable 

if they are proved to be reliable and accurate”. The concept of reliability of information 

has also been proven in the literature as a critical issue in information management. 

According to [28], the evaluation of the usefulness of information in the database 

normally focuses on the benefits of the database to the end users who rely on the provided 

information within the database in making business decisions. In order to provide 

trustworthy information for end users, reliability of this information should be considered 

as a prerequisite when developing a database. For this reason, developers of a local 

supplier database in Tanzania should ensure accuracy and reliability of the information 

provided by local suppliers to make them trustable by stakeholders who will extract the 

information. 
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4.3 Needs and Expectations from the Local Suppliers 

 

TABLE I. A Summary of the Main Needs and Expectations from Each Respondents Group 
Developers  IOCs   Suppliers 

• Many suppliers to be 

register in the database. 

•  Quick and easy database 

system to store and use data 

or information.  

• Prioritization of the 

registered suppliers in job 

opportunities. 

• One stop database for searching any 

suppliers in the industry. 

• A database to include all important, 

reliable, accurate, and useful 

information about the supplier. 

• A user-friendly database. 

• A well accessible database. 

• A database which contains sorting 

options 

• A database to be a mutual tool that 

uses international principles.  

• An accessible database with low cost  

• Suppliers to be 

prioritised in job 

opportunities.  

• A database to have the 

link to advertise tender 

and employment  

•  A user-friendly 

database.  

•  Security of the stored 

data 

 

The local suppliers represent another important group of the end users of the local supplier 

database. The following section presents the findings and discussion of the needs and expectations 

of this group of stakeholders: 

• Tenders and jobs advertisement options within the database: Tenders and jobs 

advertisement in Tanzania are normally done through different media, especially 

newspapers, websites, job portals, television, etc. However, from the interviews, the issue 

of advertising jobs and tenders in the database was raised by local suppliers.  In the 

literature, the supply chain management also supports that a database should be used to 

advertise and notify about the upcoming opportunities in the industry [29]. Advertising 

jobs and other opportunities in the database will be beneficial to suppliers who will 

register in the database. A database will be used as a good source of information for the 

suppliers in the oil and gas field for the jobs and other opportunities in the field.  

• Security for the stored data and information: Security of the stored data is another 

expectation which was emphasised by local suppliers. Local suppliers insisted that they 

expect their company’s information to be secured enough to avoid being stolen or 

misused by other companies in business. The issue of security is particularly important 

because a database will be in public use. The database should be built with security 

systems which can protect the stored information from being misused with other people.  

• User-friendly database: This is another expectation which was emphasised by this 

category of stakeholders. As expressed by one interviewee in this category that; “Most of 

local companies are not familiar with the computerised system. So, we expect a database 

to be user-friendly to all types of stakeholders who will be using the database”. In most 

of the IT systems, normally end users prefer a system which is friendly and easy to use 

for them. A user-friendly database is a common and important feature to most 

computerised systems which makes a database easy to use and navigate by end users. The 

findings from this study have also identified this feature to be incorporated while 

designing the local supplier database in Tanzania.  From the literature, a user-friendly 

database is easy to use and update information by end users, efficient, easy to navigate in 

it and easy to remove or edit some information in it [30]. This database feature is 

particularly important to end users who do not have enough computer and technical skills. 

From the literature, the end users have categorised into two categories that include the 

“naïve users” and “skilled clerks” [31]. From the literature, it was uncovered that all these 
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two types of end users have low technical skills about the database though the skilled 

clerks have high computer skills on the other hand. These types of end users have also 

been identified for the case of Tanzania local supplier database which includes the IOCs 

and local suppliers. The local suppliers follow on the category of naïve users who do not 

have enough both technical skills and computer skills. They will use the database by 

feeding their company information in the database. A user-friendly database will be very 

essential to ensure that they navigate within the database easily with no obstacles. 

Developers should put into consideration the issue of the user-friendly database. A user-

friendly database will minimise the training cost for end users about how to use the 

database; it will save time for the users in registering and extracting the information. Also, 

it will reduce some complaints from the end users.  

• Less cost/fee during the registration process in the database: Local suppliers also need 

the cost of registering within the database not to be too high so that they can afford to 

register themselves. It is true that the issue of financial problem is common to the most 

of local firms in most of the developing countries like Tanzania. This means, setting high 

costs during the process of registration in the database can hinder other local suppliers to 

get registered. On the hand the government wish to see many suppliers are registered in 

the database in order to promote the local content. Therefore, for this to be achieved, the 

government should simplify the process of registration and keep the affordable costs for 

suppliers to register. Table I below is a summary of all identified needs and expectations 

from stakeholders. 

 

5. Conclusions and Recommendations 

 

This paper was meant to explore the needs and expectations of stakeholders in the digital local 

suppliers’ database for the Tanzania Oil and Gas Industry. A number of needs and expectations 

has been uncovered in this study which includes; a sorting option of suppliers within the database, 

accessibility of a database, a database which adheres with international principles, accurate and 

reliable database information, tenders and job advertisement within a database, security for the 

stored data and information and a user-friendly database. For the successful achievement of 

incorporating these needs, authors of this paper suggest the followings; there should be a 

continuous involvement of database stakeholders throughout the development life cycle of the 

database. Database developers should communicate to all stakeholders to create awareness and 

motivate them to see how important the database will be. Continuous involvement of stakeholders 

can help also avoid some resistance from some suppliers who might hesitate to register with the 

database.  

 

Training programmes should be initiated for database end users especially the local suppliers. 

End users should be trained so that they can have some knowledge about the database. Also, 

database implementers should be trained on how to manage and maintain the database. As it is 

applied to other IT systems, the database should be regularly updated. Technology and market 

keep changing every day; hence even people’s needs also tend to change with time. So, for the 

database to be aligned with stakeholders' needs it should be regularly maintained and updated.  

As it was seen from the interviews that stakeholders are afraid of the security of the stored 

information. Developers should also incorporate the security tools within the database in order to 

secure the stored information. 
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1. Introduction 
 
Within the international Erasmus+ KA2 project BIOART (Innovative Multidisciplinary 
Curriculum in Artificial Implants for Bio-Engineering BSc/MSc Degrees) [1] an international 
consortium of universities is working on the implementation of new innovative curricula in 
Ukrainian and Israeli universities.  
Healthcare systems all over the western world are facing major challenges [2].  
The aging population and a growing number of chronically ill people, both significantly 
increasing the need for care.  
Many elder people want to stay in their home as long as possible, thus requiring more help (in 
people and technology). 
Higher quality requirements in contradiction to a growing shortage of healthcare professionals 
and increasingly critical and vocal healthcare consumers.  
The rising cost of healthcare (technology costs, pharmaceutical costs, growing quantity of 
participants in the system). 
With advances in medical technology and digitization the goal is to make efficient solutions 
available to address these challenges. This translates in new technological solutions and 
innovations and a boom of health-technologies over the last past years: medical implants and aids, 
medical tools, hearing devices, diagnostics devices and apps, pharmaceuticals… 
From the fields of interest or priorities put forward by the experts, it is clear that that biomedical 
engineers is professionals with very diverse areas of expertise. Buzz words as connected care 
(digital, mobile, smart), big data and artificial intelligence and medical technology (MedTech). 
Thinking about connected care is all things related to tele-health and monitoring from a distance 
(sensors, healthcare IoT), apps and prevention systems. With big data and artificial intelligence 
areas of technology of image recognition, pathology recognition and expert systems are touched. 
MedTech covers all technology areas ranging from 3D-printing (orthoses, skeletons, phantoms) 
over chirurgical robotics and implants to CRISPR-Cas-systems and genome sequencing. The 
range is enormous and will not be covered in one degree of engineering. 
As the BIOART project runs in Ukraine and Israel, 2 countries with conflict zones, where injured 
people often need technical assistance for body functions, for the new curricula a choice is made 
to focus on implants (both mechanical as electronic) in combination with digitalization. 
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Stimulating entrepreneurship is considered essential in the curriculum as in healthcare a lot of 
startups coming with bright ideas make out an essential part of the health-tech-scene. 
 
2.  State of the Art 
 
Biomedical engineering degrees, which exist in the European universities, were analyzed within 
the WP1 of the BIOART project and were published as reports and papers [3-5]. 
Most of the degrees have a similar approach in which there is a combination of domain specific 
courses (either electronic, either mechatronics approach), combined with some kind of internship 
and courses on legal/juridical matters and entrepreneurship.  
  
In Fig. 1 is presented the concept in the advanced master in Innovative Health Engineering in KU 
Leuven as an exemplary setup for the different degrees. 

 

Fig. 1. Advanced master scheme: Innovative Health Engineering [2] 

The construction of the curriculum in BIOART follows more or less the same scheme. Within 
this paper the focus is on the implementation of the course in information processing and the 
medical informational infrastructure domain. 
 
3. Case Studies 
 
Two cases are presented in which the digitalization and information processing of data in health 
applications is the object of study. Working with bio-medical data generates a lot of boundary 
conditions and standards to which the systems has to comply, specifically as it deals with sensitive 
personal data (health of people), accuracy of data (faulty data can cause health risks when 
treatment/procedures are based on it) and traceability of data (proof). All these aspects need care. 
The first case is the setup of a medical informational architecture for the collection, storage and 
usage of data. 
 
The second case of digitalization is more aimed at the research area, in which the collection of 
experimental data is envisaged. In this case the data-collection for data from in-vitro and in-vivo 
experiments for the solubility of Mg-implants. 
 
3.1 Setup of a Medical Informational Architecture 
For the setup of a medical informational architecture was chosen for a three-level architecture 
(Fig. 2) on device, server and application level. 
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Fig. 2. Data infrastructure for medical applications [6] 

Different building blocks of this infrastructure were elaborated in proof of concepts in the 
framework of bachelor thesis. In the experiments were participating bachelor students from the 
software tools department of National University Zaporizhzhia Polytechnic.  
For the development in the medical informational infrastructure domain following sub-domains 
were selected: 

• Analysis of the architectural patterns for the Medical informational infrastructure; 
• The architecture for the Monitoring system of artificial implants; 
• Data organization and transformation; 
• API for access to the open medical data; 
• Help Desk; 
• Patient registration. 

 
Existing standards were analyzed for the medical data. The realization of the data exchange 
should be organized according to the health information technology standards [7] in order to have 
a possibility for the further in-vivo monitoring. The main regulation standards for file format are 
xml and json, for electronic health information architecture is ISO 18308:2011 [8], for messaging 
of healthcare data are HL7 v2.x, v3, FHIR [9], openEHR, for clinical documents (Clinical 
Document Architecture – CDA), for medical imaging and communication (DICOM), and for 
patient health summaries (Continuity of Care Record – CCR) [7]. Most of the distributed projects 
are using communication systems like Slack. 
 
For example, for the subdomain “help desk” the assignment was to develop a virtual assistant 
chat-bot (Fig. 3).  
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Fig. 3. E-health standards virtual assistant 

3.2 Data Treatment for Experiments 
 
A second case is on the data treatment for a prediction model for measuring implant corrosion. 
For experiments measuring the corrosion of Mg-implants the combination of results of in-vitro 
and in-vivo tests has to be combined. The information gathered is measuring data, but also image-
data from X-ray and scans. The integration model of the data is described in Fig. 4. 
 

 

Fig. 4. Data logical structure for the prediction model for implant corrosion [6] 

The prediction model is aimed at the prediction of the solubility of Mg-implants in the human 
body to avoid second surgery. For this a combination of all data is necessary to validate both in-
vivo and in-vitro tests, which is very specific considering the different character of the data and 
results of the tests. The setup for in-vitro experiments and data collection was constructed, which 
could be used as remote experiments for research and education purposes [6].  
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4. Results and Conclusion 
 
Digital transformation in the medical sphere requires transformation of the engineering curricula 
in the way so that could fulfill requirements of the market. 
 
In the paper the authors justify the need of such course as medical informational infrastructure 
for the engineering students and present educational and research cases which could be 
implemented as project-oriented approach. 
 
This work is carried out partly with the support of Erasmus + KA2 project 586114-EPP-1-2017-
1-ES-EPPKA2-CBHE-JP «Innovative Multidisciplinary Curriculum in Artificial Implants for 
Bio-Engineering BSc/MSc Degrees» [BIOART]. 
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Abstract: E-learning evolution strives to keep up with the pace of digital and technological 
developments; while the variables involved in the formula for successful implementation of online 
learning initiatives are many, among which can be listed the most relevant interactors in the e-
learning ecosystem, namely, e-learning standards organizations, e-learning platform providers, 
makers of authoring tools, education institutions, and the end users (i.e. learners and educators). 
This research on e-learning provides overall definitions and a brief historical review of 
standards, analyzes current trends, assesses strengths and weaknesses, and presents 
recommendations to enhance the user experience in this field. 
 
Keywords: e-learning, b-learning, m-learning, u-learning, SCORM, HTML5, LMS, LRS, xAPI, 
cmi5, authoring tools 
 
1. Introduction 

 
Along with the rise of information technologies in the past decades, also came the development 
of Information and Communication Technology (ICT) tools aimed to support different types of 
learning processes. Hardware developments that have highly fostered this step upward in learning 
methodologies include the creation of the personal computer, the birth and growth of internet with 
its ever-increasing speed, the introduction of smartphones and other handheld devices that now 
allow users to carry a minicomputer in their pockets, as well as the advances in software 
development in the niche of training and education. As plainly put by Wikramanayake: 
“Advances in digital technology have opened up many avenues of learning. Technology has made 
information accessible/transmittable from anywhere and by/to all groups of people. Education has 
reached most parts of the world and IT has become an integral part of human life.” [1, p. 1] 
 
2. Problem Statement 
 
Over the past 15 years, online educational platforms have relied on formats that have not evolved 
much (e.g. SCORM - Sharable Content Object Reference Model), or that tend to be discontinued 
for cross compatibility issues (e.g. Adobe Flash). This has led to the search for cross-platform 
standards that allow authoring of e-learning materials for viewing in any type of digital device. 
In 2014, HTML5 (Hypertext Markup Language, version 5) started to position in the market as an 
alternate open format to the now soon-to-be discontinued Adobe Flash [2, p. 1] in order to satisfy 
the new demands posed by developments of Web 2.0 (Community/social web), Web 3.0 
(Semantic web, data analysis), and Web 4.0 (mobile web) [3, pp. 811-813].  
 

83



Regarding the HTML5 standard, Steve Jobs, Apple’s cofounder and CEO stated that “HTML5 
[...] lets web developers create advanced graphics, typography, animations and transitions without 
relying on third party browser plug-ins (e.g. Adobe Flash). HTML5 is completely open and 
controlled by a standards committee, of which Apple is a member.” [4]. It is on the HTML5 
standard that most current e-learning platforms are being developed. Despite this evolution, the 
look and feel of training materials in the various platforms found in the market do not vary much 
from older formats in functionality, although size, portability and security may have improved. 
On the other hand, at present, learners’ interaction with online learning material is roughly 
recorded and monitored to actually assess the effectiveness of learning methods based on ICT 
tools. [5, p. 53]. 
 
E-learning capabilities caught the attention of higher education institutions, leading them to dive 
into the digitization of course contents, either in part or in full. Although, it is found that the efforts 
of higher education institutions in order to deliver training online may require an adjustment in 
the approach and strategy presently being followed for such purposes. According to Zlatkovic, et 
al: “Despite the benefits of introducing E-Learning, the problem is related to how E-Learning is 
implemented, and that is the so-called ‘bottom-up’ approach that avoids strategic planning for the 
introduction of E-Learning in higher education. The implementation of E-learning was done 
without a strategic plan and without creating the necessary preconditions for the strategic 
introduction of E-Learning into the existing practice and institutional structure of the university.” 
[6, p. 2]  
 
3. Research Objective 
 
This research aims to identify the strengths and weaknesses of current online learning ecosystems 
in higher education, starting with a historical perspective, presenting and overview of e-learning 
standards, and assessing their implementation in order to present relevant recommendations to 
improve online learning. 
 
4. Research Methodology 
 
The present research used an explorative approach in order to identify problems related with 
current e-learning environments, by means of literature review and empirical evidence. For the 
literature review, nearly 90 diverse sources were scanned, out of which 41 were selected due to 
topic relevance. As presented in 9.1, the empirical evidence was collected via a survey designed 
in collaboration with representatives of the HAW InduTwin project, and the Evaluations 
Department of the Fachhochschule Dortmund. 
 
5. Learning and E-learning 
 
Poltrack, et al. define the learning experience as: “the result of one’s encounter with a learning 
activity that could take place in an informal, formal, or blended setting. From a learner’s 
perspective, he or she is experiencing something that results in a change in thinking, 
understanding, or behavior. This represents a shift from the typical view of content – that 
somehow learning (and especially learning to do or understand) is transmitted from the content 
to the learner simply by presenting content to the learner with intent to absorb it.” [7, p. 5]. 
Furthermore, as put by Cojocariu et al., “The concept of e-learning can hardly be the subject of a 
comprehensive and universally accepted definition, due to the different forms it takes now and to 
the multiplicity of variables involved, which have a large and permanent dynamic”. [8, p. 55].  
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However, after thorough literature review regarding the way different authors define e-learning, 
it can be summarized that e-learning comprises teaching and learning activities that take place via 
computer, mobile and online, either inside or outside the traditional classroom [6, p. 1]. From the 
perspective of Cojocariu, e-learning deals with “instruction, training, retention, transfer, 
consolidation, evaluation, review, systematization by mainstreaming the 'e' dimension in teaching 
and learning.” [8, p. 56]. Moreover, Zlatkovic states that e-learning “has created a stimulating and 
positive climate for many changes in education, so e-learning can reasonably be called a catalyst 
for change in higher education.” [6, p. 1]. Additionally, E-learning plays an essential role in 
today’s education because it facilitates the access to educational content regardless of time and 
place [9, p. 68]. 
 
The online learning environments are in constant evolution, among which the following can be 
found: WBT (Web-Based Training), LMS (Learning Management System), LCMS (Learning 
Content Management System) CLCS (Computer Support for Collaborative Learning), MOOC 
(Massive Open Online Course) etc. [9, p. 67]. For the purposes of this research, the term e-
learning is used to refer to the processes, activities, technology, and resources used for all 
educational endeavors that take place in digital environments. Therefore, as used in this 
document, the term e-learning also refers to its derivations, that result from the evolution of e-
learning and emerging technologies, such as B-learning (blended learning), M-learning (mobile 
learning), and U-learning (ubiquitous learning). 
 
6. Some Historical Facts on the Evolution of E-learning 
 
Over the past years, education industry leaders have been working on the definition of e-learning 
tools and standards for the next generation. A 15-year-old digital education standard may have 
become old enough to consider its radical refurbishment or retirement. The SCORM (Sharable 
Content Object Reference Model) standard was created in 2001 by Advanced Distributed 
Learning (ADL), a program by the Department of Defense of the United States, and its subsequent 
updates were mostly aimed to solve flexibility issues. Proposals were presented a few years ago 
in an effort to devise the next generation of e-learning, the so called next generation of SCORM 
[7, p. 3]. Different research papers and articles have been written on this issue with the main focus 
of assessing the state of the art in digital education, to then identify the present weaknesses and 
strengths, and the opportunities that lie ahead in this field. Asselman, et al outline with regards to 
the present e-learning systems that “despite all their benefits, these systems have recognized a 
major obstacle due to poor management of learning time and lack of orientation on the platform.” 
[9, p. 67].  
 
Due to the fact that the most popular digital learning standard at present was developed before the 
birth and spread of mobile technology, handheld devices, and social networks, it is not difficult 
to understand why it has not evolved at an appropriate pace, and why the pedagogical merits and 
learning experiences found in SCORM have been highly limited [7, p. 3]. Although, the advent 
of the HTML5 standard, born back in 2008 and officially launched in 2014, offered new 
opportunities in the authoring of e-learning material, its potential does not seem to have been fully 
exploited in the e-learning community to this day. 
 
In retrospective, nearly a decade ago, Adobe’s standard Flash (1996-2020) dominated the scene 
in the development of educational and training material (among other applications) which was 
mainly delivered on personal computers either by internet or by means of external storage units 
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(CD’s, thumb drives, hard drives, etc.). With the rise of mobile touch devices, with Apple’s 
iPhones and iPads leading development and marketing all over the globe, a new opportunity 
emerged for the deployment of e-learning material. Nonetheless, Adobe’s Flash standard would 
always struggle to gain momentum on this new type of devices, and eventually, very few smart 
phones and tablets other than Apple products would effectively offer compatibility with Flash 
content. 
 
In April 2010, Apple’s founder and CEO, Steve Jobs, issued an official message called “Thoughts 
on Flash” [4] that would clearly state the reasons for the lack of Flash compatibility with their 
products, and basically with most mobile devices, despite their differences in processors and 
operating systems. Poor performance, security issues, battery drainage, and no-touch-friendliness, 
among the most important reasons cited by Jobs, led to the exclusion of this popular standard 
from the mobile industry. Additionally, his missive explicitly favored the newly-born HTML5 
standard over Adobe’s Flash. In Jobs’ own words: “Flash was created during the PC era – for PCs 
and mice… But the mobile era is about low power devices, touch interfaces and open web 
standards – all areas where Flash falls short… New open standards created in the mobile era, such 
as HTML5, will win on mobile devices (and PCs too).” [4] 
 
Since its earlier stages, SCORM had relied heavily on e-learning content authored with Flash, 
which offered user interaction features created in ActionScript, the coding language behind Flash. 
But, despite its long-lived popularity in the PC industry, Adobe Inc. themselves, officially 
announced its discontinuation as of December 2020, by stating that: “Given this progress, and in 
collaboration with several of our technology partners – including Apple, Facebook, Google, 
Microsoft and Mozilla – Adobe is planning to end-of-life Flash. Specifically, we will stop 
updating and distributing the Flash Player at the end of 2020 and encourage content creators to 
migrate any existing Flash content to these new open formats.” [10] 
 
At present, SCORM-compliant e-learning modules (SCOs) are developed in HTML5. But it is 
important to note that not all HTML5 e-learning modules are SCORM compliant. What makes 
SCORM more desirable than packages authored as plain HTML5, is that SCORM has the ability 
to communicate with the Learning Management System (LMS) used for delivery, in order to 
report learners’ progress in each e-learning activity, which is essential for learners to earn 
academic credit. 
 
7. Traditional Content Types and Interaction 
 
Knowledge has traditionally been transferred via various media, such as text, graphics, 
animations, sound, and video. Trying to retain learners’ attention and to secure long term retention 
by means of text without supporting images will lead to learning ineffectiveness. [1, p. 3]. On 
current e-learning environments, these content types are mainly designed or uploaded by using 
the editing tools provided by each e-learning system, which basically look and work like a word 
processor that allows different types of digital assets, including the creation of quizzes, polls, or 
exams. 
 
Considering the end-user experience, learners navigate through course contents by clicking on a 
link per learning material or content. When completing each activity in a given unit, they will 
always be required to navigate back to the course index to search for the next activity in the 
learning unit. With the global spread of touch mobile devices, which offer interactive, visually 
appealing apps, this type of interaction looks rather primitive and may be the cause of lack of 
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attention and interest on the learner’s side, which may lead to academic failure or dropout. It is 
worth noting that non-interactive video training materials seem to be a major trend in today’s e-
learning environments, capturing learners’ both hearing and sight. 
 
8. LMSs, LRSs, xAPI, and CMI5 
 
Most of today’s e-learning courses are delivered by means of Learning Management Systems 
(LMS) such as ILIAS, Moodle, Blackboard, etc. These systems offer structured course setup, 
addition of learners to courses, basic tracking of learners’ progress in each course, and reporting 
capabilities. Each LMS supports different types of e-learning standards. 
 
A Learning Record Store (LRS) is a more recent development, used with the xAPI standard 
(Experience API, originally known as Tin Can API), which consists of a database that records all 
learner’s interaction within an open learning session. It tracks learners’ actions in the form ‘actor 
+ verb + object’ (e.g. ‘John paused the video’) not only within an LMS, but on any outside app 
or environment, even offline. LRSs offer more thorough reports, going beyond completing, 
passing, or failing an LMS course, and enabling a closer look to the individual learning process 
or learners’ detailed interaction with course materials [11, p. 5]. Some LMSs are starting to adopt 
the xAPI format, thus extending their compatibility to newer standards. Moreover, the cmi5 
standard (Computer Managed Instruction), co-developed and launched in 2016 by ADL (creators 
of SCORM), can basically be perceived as the combination of both an LMS and an LRS in one 
single system [5, p. 5]. 
 
Table 1 shows a list of the most popular e-learning platforms, indicating their respective type 
(LMS or LRS), and a summary of their supported e-learning standards. It is clear that SCORM 
2004 is the most common standard for e-learning design, and history of e-learning can be defined 
as pre-SCORM 2004 (Previous versions, and Flash) and Post-SCORM 2004 (in development and 
gradual adoption, such as xAPI and cmi5). The concept of gamification in e-learning deals with 
granting learners points by succeeding in e-learning course activities in order to gain badges for 
public recognition on the LMS and/or social media. This strategy takes advantage of the 
competitive nature of learners in an effort to foster course completion. 
 

TABLE I.  Supported E-learning Formats by E-learning 

 
 
SCORM compliant e-learning packages are made via authoring tools. An authoring tool is either 
a piece of desktop software, an extension (plugin) to another desktop app, or an online 
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service/suite, aimed to design, create, and export e-learning modules packed as one single solution 
that contains all learning materials, activities and evaluations of a given learning unit. These 
learning packages can be exported to meet different e-learning standards, depending on the 
technical specifications of the e-learning platform. Table 2 shows e-learning standards that can 
be created by means of the most popular authoring tools. 
 

TABLE II.  Supported E-Learning Standards by Authoring 

 
Based on the literature review, despite that LMSs use current e-learning standards, they have been 
structured with little regard to the relevant aspects of human cognitive architecture, or learners’ 
feedback [9, pp. 68, 77]. Furthermore, although educators at higher education institutions may be 
experts in their respective field of knowledge, institutions may need to assess how well they 
perform from the pedagogical perspective in digital education. This is of high importance when 
it comes to tailoring and authoring e-learning materials under standards such as SCORM and 
subsequent ones, in order to provide an enhanced learning experience.  
 
Additionally, as pointed out by Capogna: “We can recognize a spreading of hybrid models which 
use distance learning systems in various ways. Very often, they tend to use technology as a vehicle 
for transmission of learning content characterized by lack of multimedia connotation.” [12, p. 46]. 
This can be explained as the result of implementing an LMS without an accompanying authoring 
tool that takes advantage of interactive e-learning standards. However, investing in authoring 
tools without the due training on its use may also cause e-learning authoring to default to the 
LMS’s static content editor. 
 
Course content organization, insufficient orientation on the LMS structure, and poor management 
of learning time are also counted among the major obstacles found in e-learning. Usually, learners 
may feel overwhelmed by the large amount of links and digital resources, leading to lack of 
motivation and dropout [9, pp. 67-68]. Other weaknesses mentioned by Cojocariu are: poor 
customization of the learning process, superficial learning caused by the teaching methodology, 
loss of direct communication and immediate collaboration between the learner and the educator, 
and between peers [8, p. 56].  
 
Studies have evidenced that another relevant downside of e-learning systems is their 
ineffectiveness in fighting drop-out rates. Despite the great benefits found in e-learning digital 
ecosystems, their tracking and reporting tools still need major improvements to help retain 
learners through the integration of certain information and communication techniques to benefit 
from this strength [9, pp. 68-67]. In this regard, Zlatkovic et al. stated that “the activity, 
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motivation, and self-discipline of individuals are key motivating factors for successful teaching. 
E-Learning guarantees success only for highly motivated learners since learners who study 
exclusively online are more often susceptible to dropout.” [6] 
 
9. Survey Results and Conclusion 

 
9.1.  Survey on E-learning at Partner Universities 
 
Latin American partner universities of the FH Dortmund in the HAW InduTwin program were 
invited to take part in an online survey intended to measure users’ perception of different aspects 
of their respective e-learning ecosystems. Nearly 500 effective responses were collected from 
learners in Mexico, Chile, Peru and Colombia between March and May 2020 using the official 
survey system of the FH Dortmund (EvaSys). A similar questionnaire was sent out to educators 
at the same institutions for the same period, adding up to a total 68 responses as of the cut date 
for this paper (May 4th, 2020). Educators were required to answer one additional question 
regarding their use of e-learning authoring tools. 
 
A dominating use of Google Classroom (57%) as educational platform was detected. This tool is 
more suitable for schools as a school-assignment system than as an e-learning platform, now that 
it is not even an LMS by definition. It does not offer course enrollment, grading, nor reporting 
tools, just as it is not SCORM compliant. Moodle, a fully-stocked LMS, comes in second with 
just 12%. Other robust LMSs such as Blackboard or ILIAS do not report use among surveyed 
universities. 
 
Among the surveyed institutions, the most offered types of digitally supported learning are e-
learning (38%), b-learning (17%) and m-learning (13%). This means a mixed offer ranging from 
courses that require total learner’s independence, to educator-supported training via online 
platform. However, the implementation of m-learning seems to be only in its initial stages. 
Besides, 21% of respondents are not able to identify which type of online training is offered at 
their institution. 
 
As for course content types, PDF readings (24%), video tutorials (16%), and audio books/articles 
(14%) conform the most common way of delivering online learning content. Static and interactive 
slideshows sum up to 21% of content, and the remaining 25% is distributed among case studies, 
in-lesson evaluations, simulations, AR, VR, MR, and other content types, meaning an underuse 
of e-learning potential. 
 
Regarding the means for providing feedback on individual learning progress, e-mail (36%) and 
instant messaging tools (24%) dominate the scene, followed by synchronous educator-learner 
interaction via online classrooms (12%) and in-person (6%); and other asynchronous means: 
online forums (8%) and blogs (6%). Aiming to assess the level of difficulty of key aspects of e-
learning platforms, survey takers were consulted concerning their access to the LMS and course 
content, course navigation, and online communication with educators and peers, resulting in an 
average 45% in the intermediate range of difficulty, 23% at medium-low, and 25% at low. 
 
When asked to rate the overall quality of various features of the e-learning platform such as 
security, variety of activities, progress reports, user interface layout and design, and content, an 
average 51% goes to the intermediate range of satisfaction, while 27% goes to the medium high, 
and 14% to high. The frequency of e-learning content upload and/or update among surveyed 
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universities placed weekly (54%) and daily (21%) at the top of the list, followed by 12% of survey 
takers who do not know this information. This means a high frequency of publication of e-learning 
material. Another aspect that was measured corresponds to the relevance of the e-learning content 
published on the platform, with a 45% of ‘I agree on the whole’ responses, and an average 23% 
on the ‘I totally agree’. A third of the responses would show that content and activities may fall 
into the category of irrelevant/unrelated to course objectives according to respondents. 
 
Intending to assess the pre-conditions on the learners’ side for the use of e-learning, 59% of 
respondents rated the adequacy of their university Wi-Fi infrastructure from average to low, while 
50% agree to the statement that they have adequate digital devices to access the e-learning 
platform. Even more, 68% consider that they have the technological skills required to make use 
of the e-learning environment provided by their university. Institutions should pay attention to the 
remaining 32% on this last line, since only 50% consider that enough training is provided on the 
use of the e-learning platform. When asked to assess the effectiveness of their university’s e-
learning efforts, 38% would disagree with the statement ‘The e-learning material enhances my 
learning process.’ This could be the result of various factors which would require a more in-depth, 
individual assessment and analysis. 
 
The additional question that educators were asked to respond, i.e. “Which authoring tool(s) is/are 
in use at your institution?” evidenced that Microsoft PowerPoint leads the list at 30%. As a result 
of a common practice in order to share PowerPoint slideshows online, it is used in combination 
with two popular online slideshow services: Google Slides and SlideShare. Prezi, an independent 
online slideshow service, reports 17% of use in the second place. Kahoot (online interactive 
quizzes) and video editing software each reports 11%. Interestingly, among the authoring tools 
known to have the capacity to produce SCORM compliant e-learning packages or HTML5 
interactive e-learning apps, only Adobe Captivate shows certain use by reporting 8%. 
 
9.2. Conclusions and Recommendations 
 
E-learning, when implemented appropriately, is proven to enhance the learning process more than 
traditional classroom education [9, p. 68]. User satisfaction is essential to increase retention, 
which means that the learning experience on digital media must be improved to follow new and 
emerging e-learning standards. Much more can be done in regard to the use of HTML5 and 
SCORM to provide a more interactive way of delivering content. E-learning course content and 
activities need to rise above the traditional static objects such as PDF readings, PowerPoint-like 
sequential slideshows, images, forums, and blogs, among others. Even training dispensed by 
video can be improved to include more interactivity features. 
 
Mobile learning, and micro learning are not only becoming more popular, but are also a 
convenient way to allow learners to carry course contents and activities with them at all times. 
The learning experience on mobile devices should resemble that of a smartphone interactive app 
to deliver learning material and evaluations, exploiting the potential of these touch devices, which 
is absolutely feasible under current standards, such as SCORM, xAPI, and cmi5, with the 
appropriate authoring tools. 
 
Additionally, the integration of social networks to e-learning is an increasing trend, allowing a 
greater interaction and collaboration of learners and educators with a larger group of peers and 
experts, thus enriching the learning experience. Data collection of each learning session could 
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lead to a deeper analysis of the learning experience, which might serve as the basis for 
improvement [7, p. 5]. 
 
A successful implementation of an e-learning endeavor at an institutional level requires a 
structured approach with clearly defined phases. Investment is required in areas such as: research 
for the right LMS/LRS; investment in technical requirements (e.g. servers and licenses); suitable 
authoring tool(s); and training on current e-learning standards and trends, and on the use of the 
LMS and authoring tools. Learners will also greatly benefit from training on the effective use of 
the e-learning platform in place. Zlatkovic proposes three phases for a systematic approach to the 
adoption of e-learning technologies and standards by higher education institutions, namely, 
initialization, implementation and institutionalization [6, p. 2]. Each of these phases requires 
careful attention at least to the following different aspects: New and under-development e-
learning standards, LMS potential and supported standards, compatible authoring tools, training 
for authors on best e-learning practices and use of authoring tools, educators’ and course 
requirements, learners’ learning needs and training on the use of e-learning, and mobile 
responsiveness, among others. 
 
The development of interactive e-learning modules under state-of-the-art standards fits perfectly 
into Agile project management methodologies. In connection with this, e-learning development 
teams would benefit from the inclusion of the framework known as User-centered Design (UCD) 
in order to ensure that the usability, the interactivity, the user characteristics, the learning 
environment, the learning activities, and the integration of e-learning modules are correctly 
defined in order to meet course requirements and learning needs. 
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Abstract: Current needs promote the use of educational technology, especially for higher-level 
institutions. The virtual education supported in TICs has expanded the educational environment 
generating new challenges in education. This work aims to establish instructional design 
guidelines for virtual education in technological universities. For this purpose, the PRADDIE 
instructional design model was employed. 
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1. Introduction 
 
As a result of technological progress, virtual education proposals pretend to be revolutionary for 
improving educational processes [1]. The university education has been evolving and has 
constantly adapted to the new needs. In the mid-nineties, e-learning occupied a prestigious place 
in the education space, and several universities incorporated this technology into their educational 
programs. In recent years, Mexico has made incursions into virtual education, expanding its 
capabilities in the teaching-learning process [2]. 
 
Although Technological Universities (TUs) is a recent educational model in Mexico, they are 
getting involved in virtual education. It is worth mentioning that TUs model is oriented to 
professionalizing educational programs and it is based on six attributes, which frame and guide 
the development of the curriculum and its application, which are: quality, relevance, intensity, 
continuity, polyvalence, and flexibility [3]. In addition, this type of university is characterized by 
its close relationship with the productive sector, comprehensive training and practical approach, 
which means that educational technology must be present in the teaching-learning process. 
 
The transition to virtual education is not a simple process. Despite efforts to implement this type 
of education in the university environment, there are still many barriers that impede an effective 
teaching-learning process. As authors stated [4] and quoted by [1], there are many possibilities in 
virtual education, which "require a methodology that might change the manner of teachers 
traditionally teach and students learn." 
 
The methodology that is required for the design of content in virtual environments is known as 
instructional design, although several models are available, some of them are very extensive and 
complex. Therefore, it is necessary to define guidelines to guide the teacher in the process in an 
easier way when generating virtual courses, materials, and learning activities. 
In this vein, it is necessary to integrate in a coherence way into a virtual environment and based 
on an instructional design, the objectives and learning activities, instructional material, and 
evaluation criteria, as mentioned [5]. 
 
2. State of the Art 
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Virtual education provides the opportunity to offer education in an accessible and opportune 
manner, having the contents always available for students. The term virtual education has several 
definitions some of the most representatives are mentioned below: 
 
According to Perez [6] cited by [7], "virtual education is the sort of education through the network 
or Internet as opposed to the traditional classroom on site. Virtual education use Information and 
Communication Technologies (ICTs) as tools to support teaching. These ICTs are; blogs, social 
networks, wikis, and discussion forums in an asynchronous or synchronous way, which represent 
flexibility for students who cannot attend traditional classes". 
 
For Aguilar it is "the use of Internet-based technologies to provide a wide range of solutions that 
combine the acquisition of knowledge and skills or capabilities" [8]. Cabero says that "virtual 
education is an alternative for a world that generates a new vision of the economic, social and 
political environment of pedagogical relations and information and communication technologies" 
[9]. 
 
It is worth mentioning that the main axis of the virtual education is the instructional design, since 
according to [10] cited by [11] its purpose is to facilitate the production of a learning environment 
empowered by technology in a structured and well-planned process with adequate educational 
resources.   According to [12] the production of the learning environment is based on learning 
theories that support the construction of the learning objectives, the evaluation and the fulfilment 
of the objectives. In the case of TU's, the model is based on the theory of constructivism. 
 
3. Methodology 
 
Although there are several models of instructional design, the PRADDIE model proposed by 
Pedro S. Cookson [13] was used. This model updates the ADDIE model by adding a pre-analysis 
stage, which is mainly aimed at achieving the institution's strategic plan, which is very relevant 
since it would help to UTs consolidation. This model "allows the elaboration of a dynamic and 
flexible guide for the construction of a training and support tools to achieve an effective 
performance" [14] quoted by [15], the model is composed of six stages which are: pre-analysis, 
analysis, design, development, implementation, and evaluation.  
 
An essential aspect of being considered to implement virtual education is that institutions form a 
work team comprising a minimum of one content expert (teacher), an instructional designer, a 
graphic designer, and a web developer. 
 
For the generation of the guidelines, the focus group technique was used, which is based on 
qualitative epistemology, where the members of the academic body of the institution participated. 
The working group focused on the analysis of various documents such as the Institutional 
Development Program (PIDE) that contains the institution's strategic plan, the educational model 
of technological universities was taken as a reference, as well as study plans and programs issued 
by the General Coordination of Technological and Polytechnic Universities (CGUTyP). 
 
Based on the above, each of the stages of the PRADIE model was reviewed, an empirical analysis 
of the information was made and with this, the guidelines for virtual education were defined 
following the model of the UTs. 
 
4. Guidelines for  TU’s 
 
A table was created based on the experience in creating virtual learning environments and 
documentary analysis, which shows an adaptation of the PRADDIE model specifying the 
guidelines suggested for virtual education in the TUs (Table 1). 
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TABLE I.  Table Guidelines for TU´s [13] 

Phase Objective Guidelines for UTs 
Pre-analysis Consider the pre-

existing conditions 
of the institution, 
mainly the strategic 
plan and financial 
resources. 

• Review the Institutional Development Program (IDP), to 
verify the relevance of the course. 

• Align the work to the Mission and Vision of the TU. 
• Review the context of the TU, both internally and 

externally. 
• Identify the resources available to the TU (financial, 

human resources, material, among others). 
• Establish priorities for the use of financial resources that 

are available for the course. 
• Understand the needs and interests of the TU and the 

students to whom the course is directed. 
• Define the scope of the course, considering the 

professional profile of the students. 
Analysis Identify the 

characteristics and 
competences to be 
developed by the 
students, gathering 
and analysing the 
information that will 
be part of the course. 

• Establish the work team and actors that will participate 
(describing the role that each one plays, as well as their 
functions).  

• Use research techniques (survey, observation, interview, 
focus group, among others) 

• Review the student's profile, whether it is a Higher 
Technical University (TSU) or an Engineer. 

• To establish the training needs (competences, contents, 
units, and general topics) according to the course. 

• To define the educational goals according to the course 
and educational level. 

• To make a program and work schedule specifying dates. 
Design Generate learning 

situations that 
promote the 
application of 
content in students, 
under a structured 
training program 
through ICT, 
promoting 
communication and 
interaction. 

• Maintain a mainly constructivist pedagogical approach 
according to the TUs model, based on competencies and  
focused on the student. 

• Consider the different learning styles; auditory, visual, 
and kinaesthetic.  

• Define the structural program considering; name, code, 
version, status, duration, level of training, entry 
requirements, description, competencies to be developed, 
and course objective. 

• Specify the instructor's technical profile (academic 
qualifications, work experience, minimum competencies). 

• Plan the instruction; curricular contents (Units title, 
learning objectives, topics and subtopics, duration of the 
topic, thematic components (knowledge, know-how, 
being), teaching resources, learning sequence, learning 
strategies, teaching activities, evaluation instruments and 
learning outcomes). 

• Establish the instructional strategy, learning activities, 
group organization, environmental organization, time 
organization, general information, sessions, units, 
modules, among others.  

• Determine the sequence and organization of the content in 
terms of topics, session’s organization, establishing a 
beginning, a development, and a closing. 

• To determine the aspects to be evaluated, defining the 
topics and evaluation criteria based on competences. 

• Select the resources: materials and bibliography. 
• Delimit functional and non-functional requirements. 
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Phase Objective Guidelines for UTs 
Development Prepare the materials 

to be used during the 
course, as well as the 
evidence control 
scheme 

• Choose the medium and tools to create the virtual course, 
those using the SCORM standard are recommended. 

• Create the course in the selected medium following the 
instructional strategy. 

• Produce and add the materials and content based on 
competencies; it is recommended to include playful 
elements, interactive multimedia, real examples, case 
studies, among others. 

• Specify the general information of the course where the 
responsibilities of the students are specified 

• Define the minimum academic requirements to take the 
course. 

•  Add supporting bibliographic references. 
• Set the minimum technical requirements for taking the 

course. 
• Provide contact information for technical and general 

course questions. 
• Establish didactic strategies that encourage both 

individual and collaborative work among students [16]. 
• Encourage research activities. 
• Include diversified learning activities, according to the 

sequence and organization of the course, clearly 
specifying the instructions. 

• Create the instruments of evaluation and feedback based 
on competencies, considering; knowledge, skills and 
attitudes. 

• Consider elements of pedagogical mediation, promoting 
motivation and innovation. 

Implementation Launch the course 
developed to verify 
its effectiveness and 
efficiency. 

• Initiate the course on the selected platform, optimizing 
time and resources. 

• Do pilot activities to test the course operation  
• Always maintain an assertive and effective 

communication between teachers and students. 
• Provide timely feedback to all learning and evaluation 

activities. 
• Facilitate the reproduction and distribution of materials. 
•  Provide solutions to technical problems and generate an 

alternative plan when occur. 
• Implement ubiquitous learning without space and time 

boundaries. 
• Promote educational inclusion. 
• Maintain the privacy and security of students' 

information. 
Evaluation Take the tests to 

measure different 
aspects of the course 
and with the results 
make continuous 
improvement. 

• Add evaluation activities in the course according to the 
competencies to be achieved. 

• Perform a formative evaluation of the course. 
• Perform summative evaluation of the effectiveness of the 

instruction. 
• Evaluate each stage of the applied instructional model.  
• Make a continuous evaluation to ensure the course 

quality. 
•  Implement self-evaluations for the students. 
• Implement co-evaluation among students. 
• Evaluate the instructor and the course by means of the 

students. 
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5. Results and Conclusion 
 
Instructional design models cannot be applied in the same way in all contexts: thus, it is 
specifically focused on TUs. The instructional design model and the proposed guidelines are 
aligned with the six attributes of the TUs educational model.  
 
The quality attribute that refers to the evaluation culture is aligned with the sixth stage of the 
PRADDIE model. 
 
The pertinence attribute is clearly reflected in the pre-analysis stage because the strategic planning 
of the TUs is always present in the PIDE. 
 
Intensity is applied in the implementation stage, which is done by optimizing time, resources, and 
efforts throughout the teaching-learning process. 
 
In the case of the attribute of continuity, virtual education can be used to provide alternatives in 
the educational process to the students. For instance, the current worldwide situation we are 
experiencing because of the Covid-19 pandemic encourages the continuation of the courses using 
various forms of ICT.  
 
Virtual education implies the attribute of polyvalence since it promotes a knowledge domain, 
common competencies, and also allows the adoption of new technologies and ways of working 
according to the student’s competence level. All these aspects are defined in the design stage. 
 
Regarding flexibility attribute, both the instructional design model and virtual education are 
themselves flexible, since they facilitate the adaptation of structures, curricula, multidisciplinary 
training, the mixed model, and the production of metacognitive processes. 
 
Educational technology continues to be a great challenge for teachers. If successful results in 
virtual education are required, it is essential a constant training on emerging technologies. Also, 
the information must be well-organized, accessible, and available for all involved actors. 
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Abstract: This article presents the results of a field survey that explains the behavior of the 
average costs in a wood trucking company during 10 years through the application of the ITSM 
and E-Views 7 software to an econometric time-series data base constituting a representative 
model. The study is carried out for the case of a Mexican enterprise, in which the average costs 
are reduced using GPS technology. The base for the procedure is the econometric theory. After 
application to the case, it is proved that the reduction in average costs by adopting GPS is 
exhibited by the model. Finally, the detailed comparison is presented with those obtained before 
and after average costs due to the GPS implementation. 
 
Keywords: ITSM and E-Views software, econometric theory, trucking company, GPS 

1. Introduction 

Nowadays, the statistical and econometric software for time-series data focuses on complex 
solutions to several problems in the wood industry, school institutions, research centers, and even 
ordinary life aspects. Nevertheless, the statistical information is processed by most of them under 
a large environment of complexity. So, the decision was to work with the ITSM2000 and E-Views 
7 software because they show outstanding results in a parsimonious way, which means that simple 
outputs are shown, but with high robustness. This study proposes, in an experimental way, to 
develop an econometric model based on real data that emerged from a productivity analysis 
applied directly in a wood transport company. Moreover, it is necessary to account with several 
quantitative calculations to apply a correct decision making related to the use of the month 
incomes obtained from the wood transport industry. Furthermore, this study deals with actual 
information, transformed into a time series showing the typical deviations from this data. Then 
these are handled by the software E-Views 7 to obtain the necessary parameters to forecast the 
behavior of the amount of incomes for future periods. Besides, it will allow the transport 
companies to manage the outcomes strategically because of its operations and control their 
average costs. On the other hand, the role of students and scientists performed in education must 
be reinforced with the implementation of tools allowing to improve their projects. It is worth to 
point out the level of depth that the papers must integrate along the education process of new 
researchers in the current environment because these new techniques and methodologies allow 
achieving better results within the learning-teaching process in graduate education. Finally, it is 
relevant to mention the quest of new quantitative models to characterize the behavior of whatever 
economical variable. A broad field is then explored and many proposals like mathematical 
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models, statistical models, fractal models, and econometric models, among others are found. But 
this survey decided to apply the statistical-econometric tendency by obvious reasons. 

2. Time Series Background 

A time series is a set of observations Xt, each being recorded at specific time t. Moreover, a time 
series can be formed with discrete or continuous variables. A discrete-time time series is one in 
which the set T0 of times at which observations are made at a discrete set, it means when the 
observations are made at fixed time intervals [1]. Besides that, a continuous-time time series is 
obtained when observations are recorded continuously over a time interval. Furthermore, the 
Time Series Methods explain a variable regarding its own past and a random disturbance term 
[2]. Some examples of these methods are the following: The Auto Regressive Integrated Moving 
Average (ARIMA), Autoregressive Moving Average with Exogenous Variable (ARMAX), and 
the algorithm to forecast multiple demands (ARAR) [3]. The successful development of these 
methods is linked with the quality input data. So, for applying these methods it is necessary to fit 
data to the model’s relations which means it is not necessary to know the exact dynamic behavior 
of the information. Nevertheless, some models consider the dynamic as a process [4]. 
 
On the other hand, a time series model for the observed data (xt) is a specification of the joint 
distribution of a sequence of random variables (Xt) of which [xt] is assumed to be a realization. 
This specification would determine all the joint distributions of the random vectors. Such 
specification is rarely used in time series analysis unless the data are generated by some well-
known simple system. Hence, in general, it will contain far too many parameters to be estimated 
from the available data [5]. Moreover, the model with trend and seasonality can be elicited as 
follows: In several time series, there is a clear trend in the data. For instance, the trend in a time 
series could be apparent if it contains an apparent periodic component (Fig. 1). 

 

Fig. 1. One sample of a simple random walk [1] 

Notwithstanding, the fitted function is shown (Fig. 2) with the original data that estimate values 
of the residuals obtained by subtraction (noise). So, the estimated trend component furnishes with 
a natural predictor of future values of a quadratic trend [6]. 
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Fig. 2. Quadratic trend fitted by least squares [1] 

Within this focus Fig. 3 shows the declination of at a roughly linear rate in which it is observed a 
line fitted by least squares with a negative trend. 
 

 

Fig. 3. Line lifted by least squares without trend [1] 

Furthermore, in Fig. 4 there are two outstanding features from the graph of residuals of Fig. 3. 
The first is the lack of discernible trend. The second is the smoothness of the graph. There are 
long stretches of residuals that have the same sign. This would be unlikely to occur if the residuals 
were observations of noise with zero mean. Thus, smoothness of the graph of a time series is 
generally indicative of the existence of some form of dependence among the observations [1]. 
Besides this, graph shows data with stationary trend [1]. 
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Fig. 4. Line lifted by least squares with stationary trend [1] 

Finally, it is mentioned that a time series is stationary if it has statistical properties to those of the 
time shifted-series for each integer h. Restricting attention to those properties that depend only 
on the first and second order moments of (Xt) (Fig. 5). 
 

 

Fig. 5. 200 simulated values of noise with stationary trend [1] 

Simultaneously, it is important to mention that there are different methods for predicting 
economic variables, for instance, those applied from econometric models where the relation 
between a dependent variable (in the study) and one or several independent variables that is 
established, in this case, the forecasting is based on previous predictions of the independent 
variables [7]. It is, also, from a temporal series analysis through the information of each isolated 
series.  
 
The advantage of this type of prediction is only that the data of time series in study is specified. 
Moreover, it recommends a long series such as several observations (it needs enough data to 
observe the economic cycle and its different evolutions). So, this analysis has a disadvantage of 
being a prediction that in general just generates acceptable results in a short period. Analogically, 
there are ingenious methods that are a group of elemental methods to predict series that do not 

Simulated values of noise

R
es

id
ua

ls
R

e
si

d
u

a
ls

Intervals of years

102



show a trend or stationarity, it means there are predictions based on the last observation, the 
historical mean series or the mobile mean of order three not centered. Besides this, it is possible 
to use different statistical factors to measure the validity of prediction et = yt – ŷt, where there are 
some statistical factors as the mean error ME, the quadratic mean error QME, the absolute mean 
error AME, and the error mean absolute percent EMAP, which can be compared to establish the 
validity of predictions. Another option for analyzing errors is through the analysis of variations 
in Fig. 6, which allows a subsequent analysis of the methods. 
 
According to Fig. 6, if the representation of this cloud of points of the values is predominantly on 
the angle bisector, the observed series is like the theoretical; so, the prediction is perfect. But if 
the points are predominantly in the third zone (III) there is an over-estimation of the variations 
(The predicted variations are bigger than the real variations and if they are in the zone two (II), 
there is an infra-estimation in the variations. 
 

 

Fig. 6. Graphic of variations 

Finally, the correct treatment to the time series with tendency and stationarity is based on a pattern 
that can be in two types: additive or multiplicative. That is why within these series the cycle, 
tendency, stationarity, and irregular components can be observed. 

2.1. Data Base and System Description 

Most of the problems at the variations of average costs of trucking are the following: empty loads, 
delays in delivering and receiving times of merchandises, unsafety of operators, vehicles and 
loads, thefts, robberies, accidents, lack of logistics planning, and high costs of operation which 
must be reduced with the implementing of GPS [8]. The financial facilities are achieved because 
there are several financial plans that allow the owners to buy and to pay the equipment if they 
have one additional load a month with each truck of the company [9]. 
 
The data base was obtained through a productivity analysis [10] that was applied, filtered, and 
quantified in a trucking company from 2010 to 2019. Moreover, it proceeds to calculate the 
typical deviations to each couple of data form the total to each series obtaining 144 ns per each 
one. Finally, some time series were formed with 2,048 observations from a total of 3000 of 
original data base. 
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Beginning from the ordered time series with the typical deviations of 144 ns, some TS (time series) 
files are built to be processed with the software ITSM2000, although it only took 140 observations 
into account. After the procedure, the results are graphed in the scenarios of before and after the 
implementation of GPS which is shown in Fig. 7.  
 

 

Fig. 7. Two scenarios of average costs in ITSM 2000 for 140 monthly events from 2010 to 
2019. 

Furthermore, this software allows showing the positive correlation in function to the typical 
deviations of this current time series. 

2.2. Designing and Applying the Econometric Model 

The stated problem is to integrate the trucking performance in indexes with systemically focus 
[11] on the registered variables of the company to reduce its costs. 
 
As result of the application of this model developed to this case of study, this section concludes 
the measurement of the performance of the implementation the average costs about the data the 
trucking company in both scenarios, before and after the use of GPS system in order to proceed 
to its discussion. 
 
From the analysis of the long-term average cost data and once the regression equation and 
description of tendency were done using the E-Views 7 software, the polynomial average cost 
function [12] is estimated, with a high level of the determination coefficient, R2 equal to 0.8554, 
which means a high explanation power: 

Y = 36x2 – 3565.6x + 80102   R2 = 0.8554     (1) 

Equation (1) behaves according to what microeconomic theory predicts. Around 85.54% of cost 
is explained by the level of output. When the long-term average cost equation is estimated 
accounting for the technological shifting produced by implementing GPS, it is observed a shifting 
in the behavior of data that can be seen in the new calculated tendency through the polynomial 
function (2), again with a high level of explanation power, R2 equal to 0.8595, expressed in the 
following function: 
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Y = 36x2 – 3565.6x + 74102   R2 = 0.8595     (2) 

Within these tendencies, it can be observed that the long-term average costs equation without the 
technological usage of GPS are higher than the average costs in the long-term when it applies the 
technology GPS pointed in the graphic 6, generating scale economies [13]. Collecting information 
is applied on the variables which a shift of operations is observed because of the implementation 
of satellite communicating and these are the following. 
 
The company has four kinds of expenses: service, operation, productivity, and administrative 
expenditures. First, in services, it can be mentioned the rent of telecommunications such as 
telephone and satellite communication. Second, the operation expenses are the toll payments at 
the federal booths as well as maintenance of trucks, purchase of wheels, safety expenses due to 
accidents, mechanical failures, and thefts of loads, vehicles, and fuel. Third, the productivity 
expenditures involve empty trips, journeys out of route, downtime, and delays on arrivals, 
deliveries, or receptions of the goods. And, fourth, the administrative expenses are related to 
salaries and outcomes. On the other hand, it describes the total incomes integrated with fuel yield 
economy that increases the trips average; the programmed trips and its benefits and the additional 
trips emerged on the demand of routes. 
 
The last variables are modified when the company´s management controls the database emerged 
from GPS and it can make decisions because of this database. It can, also, be observed the 
decreasing on the expenses and uncertain variables in order to diminish expenses such as: fuel 
consumption, wheel and engine wearing, and toll payments along with a reduction of thefts and 
accidents [14] which leads to an increasing of the income level and the number of trips because 
of better logistic control [15], that is why the cash flow will improve with the use of GPS [16]. 
In Table I the average costs amounts are shown per each one of the respectively pointed variables 
on the transport system on the first column. The second column shows the average costs amounts 
obtained without GPS system and the third column indicates the average costs amounts obtained 
with GPS system. 

 
TABLE I. Variables of average costs in the wood trucking system without and with GPS 

Average Costs in the 
System 

Total Amount 
without GPS 

Total Amount 
with GPS 

Service expenses $26,175.00 $13,500.00 
Productivity expenses $1,681.49 $0.00 

operation expenses $56,200.00 $56,200.00 
Expenses by safety $3,750,000.00 $750,000.00 

Management expenses $292,500.00 $37,200.00 
Total outcome $4, 126,556.49 $ 856,900.00 

 
This system must keep the quality on the work conditions, and the innovation are based on 
administrative process that generates profitability which is the competitive relation among 
incomes, costs, and expenditures [17] in order to get a successful performance of average costs 
from an organizational system. 

3. Experimental Results 

Initially, it takes the total amount obtained in the analysis of numerical indicators of the cash flow 
to identify the requirement of average costs. Besides that, the analysis of time series calculated 
from data base of 144 months of average costs was collected from the period from 2010 to 2019 
of the study cases of the wood trucking company in which was estimated opportunely. 
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Nevertheless, according to Fig. 8, the report obtained from E-Views 7 taking account 140 time 
series shows that the average costs trend without GPS is to the enhanced level. However, the 
average costs trend with GPS has a tendency towards the descending level that is why it can 
emphasize the importance of implementation of new technology [18] that allows diminishing the 
average costs and inversely to increase the gain levels [19] as shown in Fig. 9 in the graphic. 

 

 

Fig. 8. E-views 7 report of three average costs variables for 140 monthly events from 2010 to 
2019 

 

Fig. 9. Tendency of average costs in E-Views for 140 monthly events from 2010 to 2019 
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When it continues analogous way with the data of moment ¨After¨ the implementation of GPS 
and all the values achieved are shown in Table II, then the difference between total incomes and 
total outcomes generates the total cash flow. 
 
On the other hand, it will generate better levels of costs and at the same time it will be translated 
in an improved index of profits to all its aspects in general [20].  
 
The results allow confirming that the implementation of the GPS technology in the trucking 
system truly improves its performance of average costs [21] in order to eliminate the constraints 
in the normative planning cycle to improve performance levels [22] using these variables. 
 

TABLE II. Comparison among obtained results in a cash flow of average costs. 
Relevant System 

Variables 
Total Amount 
without GPS 

Total Amount 
with GPS 

Service expenses $26,175.00 $13,500.00 
Productivity expenses $1,681.49 $0.00 
Operation expenses $56,200.00 $56,200.00 
Expenses by safety $3,750,000.00 $750,000.00 

Management expenses $292,500.00 $37,200.00 
Total outcomes $4,126,556.49 $856,900.00 

Economy of fuel yield $3,000,000.00 $6,000,000.00 
Programmed trips $14,177,500.00 $14,177,500.00 
Additional trips $0.00 $4,253,250.00 
Total of incomes $17,177,500.00 $24,430,750.00 

Net cash flow $13,050,943.51 $23,573,550.00 

4. Results and Conclusion  

According to the application of the performance measuring econometric model to the moments 
of ¨before” and “after¨ the implementation of GPS in the wood trucking company studied it can 
conclude the following. 
 
After the review of literature about the main topic it can emphasize the lack of models to uniform 
the measurement of performance of average costs. In this sense the need is led towards the 
econometric proposal to avoid mixing the data. 
 
It confirms that the technology of global positioning system improves the enterprise performance 
as it gives more complete and reliable information to the management since it provides better 
variables to improve the economic levels in order to make decisions in the long-term because of 
the releasing of the constraints due to the fact the model is supported by the econometric theory. 
It considers all the variables totally and, in this way, the decision-making progress is better 
supported into the objective information to the management.  
 
In this way, the system operator of a trucking enterprise with GPS can understand and evaluate 
the performance so, the developed econometric model states the way to explain the behaviour of 
average costs from the real quantities with the data processing of the time series.  
 
It, also, emphasize the trend obtained due to usage of econometric model to measure the 
performance of average costs if it considers the improvement through the management of owners 
and stakeholders of the wood trucking companies as well as the government institutions of control 
such as Transport and Communications Bureau, and Mexican Satellite Corporation. 
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Therefore, it is recommended to apply this type of models to interpret the complex behaviour of 
phenomena in a simple way and with robustness. 
 
Finally, the hypotheses of this study are contrasted toward the incorrect exploitation of the non-
renewable forest resources along with the correct management and control of the rational logging 
of the forests in Mexico through the use of innovative technology to allow a good transport 
monitoring and care of resources in real time. Moreover, it will allow stakeholders to identify the 
waste for their own benefit or the benefit of the governmental, political, or informal institutions 
to which these investors belong.  
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Abstract: The paper analyses project management as an informal learning environment, 
adopting the PRINCE2 method as a reference, and adopting the EMPLE-AP project as a case 
study. 
The research contributes to the debate on measuring learning outcomes in informal settings, from 
a project management perspective. 
Results: learning obtained in informal educational environments presents the difficulty of 
measuring its results, however, project management based on the PRINCE2 method provides a 
reference framework that makes possible its evaluation. 
Discussion and conclusions: the development of a project, in itself, is a space for informal 
learning and allows to relate the obtained learning with the results generated by the project. 
 
Keywords: PRINCE2, Informal and Experiential Learning, Knowledge Management, Learning 
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1. Introduction 
This paper proposes that project management, based on standards, allows to measure the learning 
obtained in an informal learning environment. 
 
The objective of the article is to provide a vision of how project management contributes to the 
quality of informal learning by transforming it into the structural capital of organizations, 
contributing to the quality of learning results and the sustainability of the organization over time. 
Moreover, the paper aims to reflect on how learning arises in the management of a project and 
how the project allows the measuring of this learning linked to its results. 
 
Therefore, the article analyses the characteristics of project management based on PRINCE2 
standards as a reference framework that enables the measurement of learning. 
 
Consistent with the foregoing, the article covers the analysis of the management of the projects 
with reference to PRINCE2, continuing with a definition of Experiential Learning and informal 
learning and ending up with the case study of EMPLE-AP, as a framework of learning experience 
obtained through the project, whose objective is the creation and implementation of the 
Observatory of Regional Labour in the countries of the Pacific Alliance. 
 
2. PRojects IN Controlled Environment – PRINCE2 
2.1 Introduction to PRINCE2 and Project   

 
PRINCE2 is a “structured project management method based on experience drawn from 
thousands of projects and from the contribution of countless of project sponsors, project 
managers, project teams, academics trainers and consultants” [1, p. 2]. 
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The concept of learning by experience is embedded in the PRINCE2 method in such a way that 
it forms part of its principles, themes, processes and management products. The project 
management experience in a project envisages practices of continuous improvement in order to 
keep the project on track and tailor it to its environment. 
 
This cross-cutting process of experiential learning is essential in each business as usual 
environment, but it is particularly necessary in projects, due to their characteristics.  
 
In fact, according to PRINCE2, a project is “a temporary organization that is created for the 
purpose of delivering one or more business products according to an agreed business case” [1, p. 
8]. This means that, within a PRINCE2 project, the focus is placed on: 

• organizational structure of roles and responsibilities – to ensure that the project engages 
the business, user and supplier stakeholder interests within the project management team, 
which is composed out of defined functions and activities; 
• project products, which are outlined during the Starting up a Project process (before the 
beginning of the project), defined in the Initiating a Project process and progressively 
delivered during the project lifetime through a Product-Based Planning technique and a 
defined Quality Management Strategy. Products guide the project, its phases, processes, 
activities, roles and responsibilities. Products’ quality requirements are provided by the 
“Client”. 
• Return on Investment of the Project – the linkage between objectives, outputs, outcomes 
and benefits should justify the project throughout its lifetime. Achieving benefits is the key 
to the success of the project. Benefits are defined as “a measurable improvements resulting 
from an outcome perceived as an advantage by one or more stakeholders” [1, p. 371]. 

 
Projects are born to produce change, “affecting real-world behaviour and/or circumstances”. [1, 
p. 378]. This differentiates them from business as usual, but another characteristic of projects is 
that they are cross-functional: they involve a team of people with different skills, who work 
together for a defined period of time in order to produce products, change, innovation and 
benefits, ensuring sustainability. This often causes stress and strains both within the project 
management team and within the department/organization where those people work on daily 
basis. Because of the involved cross-cutting competences, as well as the perceived stress towards 
time management and quality management, projects can be considered as pools of continuous 
transformative learning (observation, reflection and learning) which leads to self-improvement 
opportunities. 
 
Therefore, the fact that PRINCE2 assumes that the projects are born to generate change, implies 
that learning can be measured towards three different contexts: before the project is started, during 
project implementation and after project closure. The objectives of these management contexts 
are clearly recognizable and, therefore, the change achieved can be measurable in relation to the 
initial situation. Therefore, a project is a reference framework that allows to identify the 
knowledge involved in its development as well as the new knowledge gained from 
implementation. This indicates that the execution of a project is an instance of experiential 
learning. 
 
2.2 Structure of Prince2 
 
The PRINCE2 method is structured in 4 integrated elements: 

1. principles: guiding obligations and good practices driven from the experience of senior 
project managers; 
2. themes: aspects of project management that must be addressed continually and in parallel 
throughout the project; 
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3. processes: the progression of stages from the pre-project planning and during the project 
lifecycle, until project closure; 
4. project environment: adapting and embedding the method into the organizations’ way of 
working. 

 
As it will be described below, the output-based technique makes it possible for knowledge to be 
generated, registered and measured both as a change and as a benefit for the stakeholders involved 
in the project delivery. 
 
2.3 Principles 
 
PRINCE2 is based on principles, which are [1, p. 20]: 

• universal: they apply to every project; 
• self-validating: proven in practice over many years; 
• empowering: giving practitioners the confidence and the ability to influence and shape 
how the project will be managed. 

 
Out of the 7 principles outlined by the method, 5 are those which explicitly relate to experiential 
learning and measurement of the achieved learning: 

1. Continued business justification: projects should be driven by benefits, defined as 
“measurable improvements”, and they should remain valid throughout the life of the project 
and beyond. As said, learning is one of the benefits produced by projects towards their team. 
This return on investment can be measured through KPIs and baseline documents. 
2. Learning from experience: during the whole project lifetime, lessons are sought, recorded 
and acted upon. Projects are unique by definition; therefore, they cannot be managed by line 
management or functional units [1, p.21]. This element of uniqueness makes projects 
challenging, because the team may not have enough experience to manage a project like the 
one undertaken. It is very interesting to note that the method focuses on the proactive role of 
each member of the project management team in the learning process. In fact, it is stated that 
“It is the responsibility of everyone involved within the project to look for lessons rather than 
wait for someone else to provide them” [1, p. 22]. 
3. Defined roles and responsibilities: The project management team should represent the 
three primary stakeholders of the project, that is “client”, “business” and “supplier”, in order 
to create the necessary balance for achieving project outputs, change and benefits. This 
requires that the team is cross-functional and cross-sectoral, in order to achieve innovative 
outputs and long-lasting benefits. The right people should be involved, and they learn from 
each other. 
4. Focus on products: the project focuses on the delivery of products, in particular on their 
quality requirements. “Projects that focus on what the project needs to produce are generally 
more successful than projects whose primary focus is work activity” [1, p. 25]. This creates 
a common understanding of what the project will produce and how stakeholders’ 
expectations will be met in accordance with the business justification. The focus is on quality 
requirements and the criteria against which they will be approved. The project manager and 
the team managers are involved in this process of defining project outputs’ quality 
requirements in a clear way, which is a challenge that can be transposed in the definition of 
the learning outcomes that the project itself will achieve as a change toward the initial 
knowledge, skills and competences possessed by the project management team before the 
beginning of the project.  
5. Tailor to suit the project environment: the method should suit the project environment, 
size, complexity, importance, team capacity and risk. The project is a unique learning 
context, which requires participants to acquire transversal skills in order to be developed in 
a successful way. 
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2.4 Product-Based Planning Technique 
 
The Plan theme answers the questions “How”, “How Much” and “When” and describes how the 
quality theme will be complemented through steps to subsequently achieve project products until 
completing the final one that closes the project. 
PRINCE2 Planning theme is what makes the method the most suitable to be applied in learning 
processes, which conclude with learning outcomes, in terms of knowledge, skills and 
competences, as stated in the Council Recommendation of 22 May 2017 on the EQF 2 [2].  
In fact, planning is focused on products to be achieved, rather than on activities. Products guide 
the project direction and the product-based planning technique allows the following benefits for 
a project: 

• clearly defining the project scope (what the project will achieve against what it will not) 
and the interdependencies between project products. Applied to learning, it determines 
what the learning outcomes will be, how they are interrelated and what the learner needs 
to acquire through further learning, beyond project span. 
• involving users in identifying the quality specifications: What do learners expect from 
the project? How can learning be flexible in order for learning outcomes to suit learners’ 
needs? 
• providing a Product Breakdown Structure and Product Flow Diagram: How is learning 
composed in terms of learning outcomes? What are these learning outcomes useful for in 
the learning process? This improves communication, agreement and commitment by the 
learner (user) and the learning provider (supplier). 

 
The simplest definition of PRINCE2 Planning technique was given by a student of mine, who 
told me: “So, paradoxically, you move till the end and then you turn back”. This is visioning, 
creativity, empowerment and self-awareness towards the outputs to be realized for achieving 
S.M.A.R.T. Objectives. [3, p. 35-36] 
 
The outputs produced by the project are of 2 types: project management products and specialist 
products. 
 
2.5 Quality Through PRINCE2 
 
According to PRINCE2 manual by Axelos, the Quality theme replies to the question “What” and 
defines the means by which the project will verify that products are fit for purpose, that is, they 
fulfil the requirements provided by the client. Focusing on products is central to the quality 
approach: 

• customers’ quality expectations and acceptance criteria are agreed and captured in the 
Project Product Description; 
• project product, its components and the quality criteria by which they will be assessed are 
clearly defined; the quality method used in designing, developing and approving quality 
criteria and responsibilities of those involved are stated and agreed; 
• the project quality management approach is designed in order to direct and control 
quality, ensuring that the project satisfies the quality criteria through its products. 

 
PRINCE2 uses specific terminology derived from the ISO9000 standards. 
The quality components defined in PRINCE2 – quality criteria and quality tolerances, quality 
method and quality responsibilities – require that products are described in a sufficient way to 
reach acceptable standards defined in the acceptance criteria. This is one of the key elements that 
make the learning outcomes measurable within a PRINCE2 project. Learning outcomes should 
be described in such a way to allow acceptance by the client (the learner) and they should be 
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objectively measurable and valuable against agreed standards and criteria, taking into account the 
learning context and the background knowledge. 
 
3. Informal Learning 
 
In this learning context of the management of a project, flow of knowledge is produced. It is 
contextualized in the intellectual capital that arises from the knowledge of the individuals 
involved in it, from their interaction, and ultimately, from the incorporation of new knowledge 
into the processes and procedures that frame the realization of the project activities, shaping a 
framework of organizational learning and a style of “management culture” tailored to the project 
context. 
 
3.1 Knowledge Management and Project Management 
 
This dynamic of knowledge management materializes essentially, but not exclusively, through 
“Relational Capital” as proposed by De Pablos and Fernandez [4], which implies the ability to 
transfer and use knowledge both inside and outside the project organization. 
 
In line with the above, Nonaka and Takeuchi [4] propose a process of knowledge conversion 
through four stages or models. 
 
According to these authors, initially, knowledge arises tacitly in relation to concepts or techniques 
that can be acquired directly among individuals, without requiring a coding or a contextual 
language, mainly through imitation, observation and practice, that is, experience, sustained by 
socialization among the members of the organization. 
 
In a second instance, this tacit knowledge is externalized in explicit forms that emerge by 
explaining experiences through metaphors, hypotheses or concepts. The latter are shared 
collectively, allowing not only the transfer of tacit knowledge, but also its maturation and 
improvement. In a third stage, the different areas of knowledge are combined, generating in turn 
new knowledge.  
 
In the final phase, this dynamic of knowledge management is what, as suggested by De Pablos 
and Fernandez [4], represents institutionalized knowledge and experience encoded in databases, 
culture, routines, manuals, procedures and lessons learned. In summary, knowledge is 
transformed into an intangible asset of the organization and recognized as its “Structural Capital”. 
 
3.2 Learning by Doing: the Contribution of Learning Experience 
 
This process of “learning by doing”, expressed in each project, represents an environment of 
“informal learning”, as defined in 2001 in the document prepared by the EHEA [5], entitled 
“Making a European area of lifelong learning a reality”. In this document, informal learning is 
defined as follows: “Learning resulting from daily life activities related to work, family or leisure. 
It is not structured (in terms of learning objectives, learning time or learning support) and typically 
does not lead to certification. Informal learning may be intentional but, in most cases, it is non-
intentional (or “incidental”/random)”. 
 
In this same context, consideration should be given to what is stated by the European Council in 
its Council Recommendation of 22 May on key competences for Lifelong Learning: 

The importance of non-formal and informal learning is evident in the light of the experience 
gained through culture, working with young people, volunteering and grassroots sport. Non-
formal and informal play an important role in supporting the development of interpersonal 
skills – communicative and cognitive essential ones – such as critical thinking, analytical 
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skills, creativity, problem solving and resilience, which facilitate the transition of youth to 
adulthood, active citizenship and working life. Improving cooperation between different 
learning frameworks helps to promote multiple approaches and learning contexts. [6, p. C 
189/3] 

 
Experiential learning is characteristic of managing projects, as a result of the interaction between 
the planning of tasks to be performed for the achievement of project objectives and the risks and 
contingencies that arise during their implementation. 
In this sense, "learning by doing", generated through a chain of learning resulting from 
management, is linked to what Dewey [7, p. 145] declares in relation to the importance of learning 
experience: 

Mere activity does not constitute experience. It is dispersive, centrifugal, dissipating. 
Experience as trying involves change, but change is meaningless transition unless it is 
consciously connected with the return wave of consequences which flow from it. When an 
activity is continued into the undergoing of consequences, when the change made by action is 
reflected back into a change made in us, the mere flux is loaded with significance.  

 
Also, in relation to this learning context, Romero Ariza [8, p. 90] states: 

“One of the most demanded competences in the current context is the one related to the ability 
to learn autonomously. This competence ensures that the subject is able to respond to a rapidly 
changing society, through continuous lifelong learning”. 

 
3.3 Measuring Informal Learning 
 
Whereas learning through experience can be generated collectively or autonomously, it is 
important to be mentioned that informal learning, arisen unintentionally in whatever educational 
context, is subject to criticism by those educators with an objectivist posture, who state that this 
type of learning is difficult to evaluate and its results are difficult to measure. 
 
In this sense, Orozco [9, p. 94] points out the importance of evaluating informal learning when it 
is carried out in unintentional situations: 

“It is believed that one learns in certain environments and can actually do so, but it is not 
known how one learns, what one learns, how much one learns, and whether efforts aimed at 
informal learning facilitate or hinder the process”.  

 
Furthermore, from the perspective of the construction of evaluation tools, Orozco [9] points out 
that the assessment in informal settings is a challenge for the evaluators who, among other things, 
should receive and interpret a multiplicity of signals and convert them into indicators for 
assessing, responding to previous questions related to the factors that affect learning and for being 
able to differentiate between the conditions of learning provided by the informal educational 
environment and the learning obtained effectively through the work of the learner. 
 
3.4 The Contribution of Project Management to the Quality of Informal Learning 
 
Consequently, in order to obtain a vision of the informal learning environment in the management 
of a project, it is necessary to identify the characteristics of the main stages of its development: 
"formulation" and "implementation". 
 
The formulation stage of a project is an essentially intellectual process, which includes a small 
number of people who, by their knowledge and experience, have the main task of properly 
identifying the problem they are facing and proposing effective and efficient solutions, making 
decisions that only commit resources in a potential way. At this stage, the main skills requested 
are related to experience and knowledge. 
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The implementation stage is a fundamentally operational process, which includes a large number 
of people, with different backgrounds and paths, whose main task is to articulate the 
organization's capabilities for the execution of the necessary tasks to achieve the objectives of the 
project, committing resources effectively. At this stage, the main competencies demanded are 
linked to leadership. 
 
In this context of informal learning environment, PRINCE2 becomes an effective method of 
project management that allows to articulate the knowledge management of the responsible team 
through results-oriented processes, permitting to evaluate the level of internalized learning and 
cognitive, affective and behavioural capacities, in relation to the quality of the benefits delivered 
by the project and valued by its stakeholders, and sustaining results over time. 
 
The experience of the EMPLE-AP project, which will be described below, will allow to chart 
the formulated approaches. 
 
4. EMPLE-AP Experience 
 
The project was funded in 2017 within the European Programme “Erasmus+ KA2 Capacity 
Building for Higher Education”. It is coordinated in Colombia by the “Universidad Distrital 
Francisco José de Caldas” and includes a partnership of 14 Universities, out of which 4 are located 
in Europe (Italy, Portugal, Spain and France) and 10 in the Pacific Alliance (Colombia, Mexico, 
Chile and Peru). It lasts 3 years, with closure in October 2020. 
 
4.1 Objectives 
 
According to the application form submitted to the European Commission, “the aim of the project 
is to improve employability and labour insertion rates among higher education graduate students 
in countries of the Pacific Alliance through the creation of the Regional Observatory of Labour 
Insertion (final output)”. 
 
Moreover, the project objectives are to ensure permanent monitoring and analysis of needs and 
characteristics of the labour market, as well as the construction of national guidelines and policies 
that contribute to create relevant education offers and strengthen academic programs provided by 
higher education institutions in the participating countries. 
 
4.2 Activities and Products. 
 
Currently the project is under implementation, therefore its products are under development. 
Studies have been conducted on the dynamics of the labour market in the Pacific Alliance 
countries, as well as on the best practices of employability in Mexico, Colombia, Peru and Chile. 
In September 2019, an International Congress on employability was held in Mexico. The 
technological solution for the development of the Regional Observatory started in 2019 and it is 
under development, together with the design of the organizational structure and the purchase of 
hardware and software that will ensure the Observatory’s sustainability in each Latin American 
University. 
 
4.3 Learning from Experience 
 
EMPLE-AP project has been chosen as a case study, since it represents an interesting context of 
enhanced informal learning through experience for all its team in the following challenges: 

• International context: working in international contexts leads to several challenges, due 
to different cultures. In fact, as stated by Peter Drucker, “Culture eats strategy for breakfast” 
[10] and this is the case. The consortium is composed of 14 higher education institutions, 
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out of which 4 are located in European countries (Spain, France, Italy and Portugal) and 10 
in Latin American ones (Colombia, Mexico, Chile and Peru). Some of the Universities 
have a history of almost eight hundred years and others of less than forty. Some 
Universities are public and others private, both for profit and non-profit. 
• Language and communication: The native languages of the members include Italian, 
French, Portuguese and Spanish. Internal communications are carried on in the latter 
language, while the official project documents delivered to the European Commission are 
written in English. In order to overcome the geographical distance, many virtual meetings 
are carried out, usually involving all partners. “This international collaboration relies on 
clear, prompt communication. It is crucial that roles, responsibilities, and quality 
requirements are defined.” [11, p. 12] 
• Project management procedures: project management competences are differentiated: 
some experts apply PRINCE2, others PMBOK. For this reason, the management products 
had to be adapted in order to meet the project’s environment. Risk management, project 
monitoring and control are being delivered through PRINCE2 management products, 
which are being adapted considerably in order to suit to the project and the organizations’ 
maturity level in project management.  
• Team managers: each project product is coordinated by 2 team managers representing 2 
organizations, which are usually located in 2 World Regions (Europe and Latin America), 
with no contacts between them before the project initiation. 
• Specific competences: The team consists of academics and professionals, with expertise 
in education, engineering, economics, administration, design and other disciplines. It is 
important to note that, although some of the participating Higher Education Institutions 
have labour market liaison bodies, none of them has participated in the creation of a Labour 
Observatory as such. 

 
Thanks to this complexity, the project has generated a constant flow of transdisciplinary, 
transnational and transcultural knowledge through a spiral process of context observation, 
imitation and practice; knowledge externalization; knowledge combination and internalization, 
which results in generating new learning, which has allowed the creation of a unique project 
organization culture, internal to its project management team [4]. The benefits perceived by all 
members in relation to own learning are being recorded in the Lessons Log and will be reported 
at the end of the project in the Lessons Report (PRINCE2 management baselines). 
 
5. Results and Conclusion 
5.1 Results 
 
The considerations explained in this contribution allow to reach the following results: 

• Projects in general represent contexts of informal learning provided through experience, 
but the way this learning is transformed in benefit depends on the strategy of the project 
management and the focus placed on the acquisition of learning outcomes by the 
organizational team. PRINCE2 is focused on products, which produce change and the latter 
generate benefits, defined as measurable improvements. The method provides a process for 
describing, generating, recording, measuring and transferring learning outcomes, both as 
specialist products (in case of the final product of a learning project) and project benefits. 
Learning through experience is a guide principle within the method, enhancing and 
recognizing the capacity that projects have to increase informal learning of their teams and 
to spread this learning to their stakeholders. 
• Project management is an efficient mechanism for the team to acquire self-awareness on 
own learning needs and self-empowerment, due to the fact that each member of the project 
management team has a defined role and responsibility, which is limited by tolerances of 
time, quality, cost, scope, risks, benefits and by the defined duration of the project itself. 
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Acquisition of problem solving and other cross-cutting competencies are some of the 
benefits. 
• Informal learning obtained through “learning by doing” within projects, which are 
transdisciplinary by nature, allows to acquire new visioning that, compared to formal 
education environments or labour ones, would be more difficult to achieve. 
• The development of cognitive, affective and attitudinal learning is enhanced through the 
management of international projects, because people from different cultural environments 
work together to develop activities that necessarily seek to reach a common goal. 

 
5.2 Conclusions 

 
• The project management focused on products and their quality standards provides the 
methodological elements to measure learning in informal contexts; accordingly, project 
management should be disciplined in all faculties of formal tertiary education. 
• The quality of the knowledge acquired in unintentional learning environments is 
measured through project results. 
• Knowledge acquired during project implementation becomes an intangible asset of the 
structural capital of organizations, contributing to its sustainability over time. 
• Project management method, such as PRINCE2, organized into units and contents, allows 
planning, organizing, directing and evaluating learning outcomes, so it possesses the 
necessary attributes to be integrated into both formal and non-formal educational planning 
and implementation. 
• Methods, bodies of knowledge and standards of project management, which collect and 
systematize knowledge directly from the world of work, contribute in the updating of 
disciplines related to the management of projects, allowing the transfer from non-formal to 
formal environments of education, theories, methods and tools that allow to effectively face 
the challenges of a constantly changing contemporary environment. 
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Abstract: Many of the key digitization projects in companies involve data modeling. There are 
numerous methodologies that describe what to do in the different stages of data modeling 
projects, but these do not describe how to do it or what architectures or technologies to use for 
the correct performance of the same. In practice, a multitude of technologies and heterogeneous 
tools coexist and are used ad hoc according to the needs of each model. In most cases, the 
processes of training, validation, deployment, monitoring and retraining of the models are 
carried out without a common technology framework that serves as a reference for all the projects 
belonging to the same field, which makes the management of the models and their life cycle very 
difficult. This paper presents a proposal for a methodology and architecture based on 
virtualization technologies, which will serve as a guide for the correct execution of data modelling 
projects and which will make it possible to manage the phases of data analysis, model 
development, implementation in production, testing of new configurations and monitoring.  
 
Keywords: project management, systems architecture, data modeling methodologies 
 
1. Introduction 
 
Nowadays, intelligent systems give solutions to a multitude of problems that until a few years ago 
people were unable to solve. For the correct development and exploitation of these systems, 
knowledge is needed in different areas such as artificial intelligence, which is in charge of the 
study and design of algorithms capable of making intelligent decisions, data science whose 
objective is the treatment, analysis and modelling of problems, and data engineering, capable of 
designing architectures and implementing systems able of executing these models efficiently and 
satisfying user demand. With the aim of guiding and helping experts from different areas of 
knowledge to cooperate and solve the problems they face when developing data modeling 
projects, the need arises to develop and apply methodologies that define which tasks must be 
carried out at each stage of the project life cycle for their correct execution.  
 
There are numerous methodologies that describe what to do in the different stages of data 
modeling projects, but these do not describe how to do it or what architectures or technologies to 
use for the correct performance of the same. On the other hand, there is no common technology 
framework that serves as a reference for all projects in this area, but rather there are many 
heterogeneous tools and systems.  
 
The growing importance of data-based models is dramatically transforming the way we work. 
Until recently, it was most common to train models off-line (without processing live data from 
users or ensuring that the service they provide remains available during such training), and then 
put the model into production. However, the number of models is increasing and with more 
demanding monitoring requirements, so methodologies and technologies are needed to enable 
this:  

- Minimize the time to put into production in order to speed up the future deployment of a 
greater number of models.  
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- Define monitoring metrics for supervised learning type models. Supervised models are 
those in which a set of observations defined by variables or characteristics is provided in 
the training phase, in addition to the expected output(s) for each of these instances of the 
input data set.  

- To be able to visualize the quality of the predictions that the models are sending to the 
user and if these begin to degrade, retrain the models with new data.  

- Avoid problems of library compatibility and dependencies between models.  
 
To achieve this transformation, well-known international companies are developing their own 
platforms. One of the best-known cases is Uber's platform, called Michelangelo [1], although 
models of companies such as Amazon, Netflix, Twitter or Paypal are also outstanding. Attempts 
to streamline the process are not only focused on the technological part, but also on establishing 
a defined workflow. Thus, for example, the work of Zaharia et al. [2] describes the workflow and 
life cycle followed by Machine Learning projects in an organization, called MLFlow. Similarly, 
Hummer et al [3] describe a DevOps-based life cycle, called in this case ModelOps.  
 
The present work includes a proposal of methodology and architecture that serves as a guide for 
the correct execution of data modeling projects, specifically about models on Machine Learning; 
subfield of artificial intelligence in charge of the elaboration of models capable of generalizing 
behaviors from an input information.  
 
This communication proposes an architecture for the management of the phases of data analysis, 
development of Machine Learning models, implementation in production, testing of new 
configurations and monitoring of these. The architecture is especially designed for companies 
where, due to the confidentiality requirements of the data they handle, cloud-based solutions are 
not acceptable, but rather "on premise" solutions are required (software solutions whose 
installation is carried out within the company's own servers and ICT infrastructure). 
 
2. Analysis of Existing Platforms for Machine Learning  
 
As a starting point, the possibility of adopting one of the many existing platforms is considered. 
The Gartner report about leading platforms in the market [4] shows that the three largest 
companies with platforms for Data Science and Machine Learning have not been able to enter or 
remain in the segment of leaders, which shows the great evolution that exists in this segment. 
Most relevant existing commercial platforms are analysed. 
  
- Machine Learning Server [5]: Microsoft platform allows local deployment with different 

configurations to build an automatic learning platform, in addition to supporting the R and 
Python programming languages. However, as it is not an Open-source technology, license is 
needed. It requires SQL Server which limits the freedom of choice of the database. Finally, 
the platform does not implement any control of the performance of the models in production, 
nor a way to retrain and update them when their accuracy begins to degrade.  

- H2O [6]: The platform facilitates the process of putting into production the Machine Learning 
models that they provide. However, the platform is oriented to the processing of Big Data, 
since the supported databases are oriented to large amounts of data. On the other hand, when 
serialising the models in Java objects, difficulties may arise when it comes to importing these 
into the users' current .NET applications.  

- Azure Databricks [7]: Provides a working environment for collaboration between the 
different roles involved in a data modeling project, in addition to cloud processing and access 
to multiple Apache tools, such as Spark. The problem with this technology is that it does not 
allow local deployment, only in the Azure Cloud in addition of being a fully paid tool despite 
using numerous Spark Open-source tools.  
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- Azure Machine Learning [8]: A cloud-based platform that facilitates the effort of developing 
data models and performing analysis through an interface that acts as an interactive canvas. 
It is more focused on users who are unfamiliar with programming languages than on advanced 
users of R and Python. In contrast, it has the disadvantages of not allowing local deployment, 
nor does it offer metrics for monitoring models in production.  

- DeployR [9]: It only allows support for working with models developed in R. It is a 
technology that had its boom in the past when it was Open-source, currently because it is a 
paid tool, it must be licensed with Machine Learning Server and it does not provide novelties 
with respect to other Open-Source technologies that offer similar characteristics; it has fallen 
into disuse. 

- OpenCPU [10]: It allows the local production of models developed in R. It facilitates the 
creation of API's and the distributed data processing, releasing the computing load of the 
user's equipment. But it does not support Python nor does it offer performance metrics or 
model update options.  

- SAS Decision Manager [11]: It is a tool that facilitates the construction of workflow 
throughout the life cycle of a data modeling project. It is also the only tool that provides 
performance metrics and model updating mechanisms for systems in production. However, 
it does not offer any compatibility with Python and R languages, as the management of each 
stage must be customized through the SAS programming language. This leads to extra 
training for all team members who are going to use SAS and the abandonment of the 
languages they worked with until now. It is a very expensive tool in terms of training, as well 
as acquisition.   

- Google Cloud Machine Learning [12]: Cloud service that covers the training and production 
phases of certain Machine Learning models offered by the scikit-learn library or the XGBoost 
algorithm, in addition to providing support for all Deep Learning models developed with the 
TensorFlow library. It does not allow local deployment, nor support for custom models that 
the user develops in languages such as R and Python. In addition, to cover certain phases of 
the development life cycle it is necessary to use other Google Cloud services. It also does not 
offer performance metrics or model update mechanisms. In short, Google Cloud Machine 
Learning is service oriented more towards providing computing capacity for Deep Learning 
models than to serving as a support platform for all types of Machine Learning algorithms.  

- Amazon SageMaker [13]: this platform aims to facilitate the data access, training and 
production workflow of data models. It also offers predefined algorithms to simplify 
modeling for users without programming knowledge. However, this platform does not allow 
local deployment.  
 

From the analysis, it is concluded that there is no commercial platform that fully satisfies the 
needs set out for the application case, so an own architecture is proposed that allows the definition 
of a unique workflow for the data modeling projects, as well as the necessary technologies so that 
each of the steps implicit in the project life cycle can be carried out. 
 
3. Description of the Proposed Architecture 
 
The architecture is intended to support the following workflow steps: data collection, data 
preparation, training and monitoring. The architecture finally proposed is oriented to 
microservices. This design allows the decomposition of the different functionalities involved in 
the execution of a data modelling project into small services whose communication is carried out 
through light mechanisms. These services will be managed and encapsulated through containers.  
Fig. 1 contains each of the components of the system. Technologies are grouped according to the 
four steps of the workflow. In addition, it is delimited when the work is done offline and online. 
The online line marks the separation between development and production microservices (the 
latter being the ones located at the top of the line). 
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Fig. 1. Architecture of product deployment  

Datalake will be managed with MySQL, although the data source in a general environment could 
be very diverse. One of the services that the architecture incorporates is to allow model developers 
to remotely execute the model analysis and training process. The training phase can require a lot 
of time and a great deal of computing capacity that developers do not have in their local teams. 
For this reason, two technologies are proposed that allow remote execution of code in the R and 
Python languages on dedicated servers. There are two variants for data preparation, one for R and 
one for Python. Figs. 2 and 3 describe each of the processes. In the case of R, data processing is 
done with the RStudio Server tool [14], while in the case of Python, the Pycharm IDE [15] is 
used.  
 
- RStudio Server is the Open-source platform that provides a web interface to an R version 

running on a remote Linux server. The IDE is similar to RStudio which would make it easier 
for the user to adapt to the work environment since it is currently the IDE that the development 
team is using; it incorporates the tools for displaying graphics, history, debugging, and 
managing the workspace. The deployment of RStudio Server will be done from a predefined 
base image containing the specific libraries and dependencies that the team considers 
appropriate, so that each development of the different R models will be based on the same 
libraries with the same version number. Once the image is executed the container is created, 
the data engineers will be able to have remote access to its working directory and greater 
computing capacity.  

- Pycharm is a development IDE for Python. Unlike RStudio Server, which provided a remote 
server to run, store, and manage R files, Pycharm only provides remote code execution, via 
ssh connection to the server or using containers. The user must manage his scripts locally. 
When executing remote code Pycharm provides the option to deploy a container, execute the 
code remotely and return the result to the user when the container finishes its execution. For 
each execution a new container is created which mounts the Pycharm project directory to the 
container for execution; the container is then removed. All dependencies and libraries must 
be installed in the container to be used as a remote interpreter.  

 
The output in both cases is a historical data set managed by Cassandra [16]. Cassandra is the 
platform used in this architecture to store historical data, new data obtained from user applications 
and predictions made by the models. Due to the diversity of data that may be received in the 
future, a NoSQL database has been chosen to store unstructured data. Cassandra is the leading 

123



NoSQL distributed database management system and is column-oriented, designed to manage 
large amounts of data. The data structures used in Cassandra are more specific than those used in 
relational databases, allowing for faster read and write speeds; a typical use for Cassandra is in 
web applications that work with real-time requests. 
 

 

Fig. 2. Data preparation with R  

 

Fig. 3. Data preparation with Python 

The training process also takes place within the development microservices. Once each model 
has been developed, along with each version produced for validation, the corresponding 
production services are developed. These can be deployed as single instances or using Docker 
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Swarm technology (technology to deploy containers in multiple nodes) in case high availability 
is required. Once in production, these would return the predictions to the users' applications and 
store the "Live Data" in the database instance dedicated to host such information. All this 
information is made accessible to the user through a monitoring dashboard.  
 
The monitoring dashboard is updated twice a minute to track changes in the Cassandra database. 
 

 

Fig. 4. Dashboard  

The design of the proposed monitoring dashboard developed in Python on Dash framework [17] 
is shown in Fig. 4. The content of each field is dynamically updated based on the data 
modifications in Cassandra and the user actions in the application; these types of components are 
called reactive components. This framework allows the creation of reactive components with 
callbacks in the functions that are part of the application's controller. The reactive components of 
the application are as follows:  
- Model selector: Allows you to select the model in production that you want to display in the 

web application.  
- Retraining: Retrains the selected model with all the data available in Cassandra, that is, 

historical data is added along with the live data. Since several versions may exist for each 
model, the version selected by the user will be considered.  

- Version selection: Allows to visualize the graphic evolution and the numerical metrics of the 
different trained versions of the same model.  

- To Champion: Button that allows to convert a challenger or champion candidate version, 
which means that the answers to the users' requests will be made by the version of the new 
model selected.  

- Current list of champion and challenger models.  
- Variable selector: Selecting a model and its version, allows to choose between the different 

variables of the model and show its evolution. There are two types of variables to display:  
- Inputs: Input variables of the model. An evolution of the values taken by the variable is 

shown both in the historical set and in the live set.  
- Output: Variable to be predicted. For this type of variables, the comparison between the real 

and predicted values in the historical and live sets is shown.  
- Monitoring graphic: Once you have selected a model, version and variable to be displayed, 

the graphic of the evaluation or comparison of predicted and actual values is shown, 
depending on the type of variable selected.   
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- Monitoring metrics for the historical set and the live data: Two tables are displayed with the 
numerical values of the monitoring metrics, which will depend on whether the model 
selected is of the classification or regression type.  

 
System was completely implemented and used a general method for the development of more 
than 20 research projects in the field developed by a Research Group as well as in demo projects 
in the R&D department of a multinational corporation proving its feasibility. The use shows as 
principal advantages the repeatability of the techniques, shorter learning time, better 
reproducibility and time saving.  
 
4. Conclusion 
 
The result of this work has been the implementation of a platform that allows the complete 
management of the life cycle associated with Machine Learning projects, considering the specific 
needs of the work environment where it has been applied. As there is no technology that covers 
the needs raised, the best solution is the design of a system that allows the remote development 
and production of data-based models based on microservices that team members can create and 
use according to their needs.  
 
Due to the diverse plurality of learning models that exists today, the solution proposed in this 
project does not intend to be a closed prototype, but rather, it intends to propose a solution that 
can be extended to any project and that covers the needs of the team in charge of developing 
Machine Learning models. 
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1. Introduction 
 
Computer games have had such a significant impact on society that in the field of information 
technology noted a steady trend towards gamification for non-gaming application software. 
Today, network multiplayer session games have the largest audience. Game sessions usually 
take a small amount of time and have clear time limits, so they have become very popular 
because it has become too easy to control the game time.  
 
A game session (game match) is an instance of a game that is characterized by certain rules of 
the game, the game environment, and the players themselves. There are several ways to 
organize multiplayer online sessions. The traditional approach is to gather a group of friends in 
a lobby and host a server to play together, another one is to view a list of servers and search for 
server manually, also server must have sufficient number of empty slots for you and your 
friends to join a running game together. Matchmaking is the third option, which allows players 
to get into the game with less effort. Players look for the game one by one or in a party, and the 
system connects with other similar players. Once the appropriate number of players is found, 
the match is created and the game can begin. 
 
2. System Design 
 
The C ++ programming language was chosen to create the system for its portability, scalability, 
low-level manipulation of data, memory management, and a wide range of free third-party 
libraries such as the Boost.Asio network library. 
  
The Boost libraries and its Boost.Asio network library was chosen for support of asynchronous 
operations. Boost.Asio provides tools for managing long-term I / O operations without requiring 
programs to use parallel flow-based models and explicit locking [1]. The Boost.Asio library is 
intended for programmers who use C ++ for system programming, where access to operating 
system functionality such as a network is often required. 
 
The project uses the PostgreSQL database because it is a highly extensible and scalable 
relational database which can accommodate several concurrent users and it doesn't require much 
effort for the upkeep of the server. It is a free object-related DBMS that is based on the SQL 
language and supports many features of the SQL standard: 2011. SQL query language has 
become an industry-standard in relational database management systems, as it provides work 
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with large amounts of data of any structural complexity while maintaining their integrity and 
security. The strengths of PostgreSQL are: 
- mechanisms of transactions and replications with high performance; 
- extensible system of embedded programming languages [2]; 
- imitation; 
- easy expandability. 
 
The structure of the matchmaking system is shown in Fig. 1. 
 

 

Fig. 1. Block diagram of the structure of the matchmaking system 

The system consists of the following developed modules: 
- Matchmaking client, which is integrated into the game client - is responsible for connecting to 
the available matchmaking server and providing information to the game client about the found 
game server; 
- Matchmaking server - is responsible for receiving game information, sorting it according to 
the appropriate parameters, connecting to the available deployment server to request the 
deployment of the game server, sending information about the deployed game server to 
matchmaking clients for whom a match was found, during its own deployment - provides 
information about the self-readiness to the database of available matchmaking servers; 
- Deployment server - is responsible for the deployment and execution of game servers, during 
its own deployment - provides information about the self-readiness to the database of available 
deployment servers; 
- Database of available matchmaking servers - stores information about currently available 
matchmaking servers; 
- Database of available deployment servers - stores information about currently available 
deployment servers. 
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The System maintains only one Matchmaking server for each region to hold and process 
players' data from that region in one place. There can be hundreds of Deployment servers per 
region, based on how much server machines were allocated. Deployment server can deploy as 
many game server instances as allocated server machine can perform.  
 
3. System Development 
 
The interaction of the system modules consists of the following steps: 

a) registration of servers in the database: 

1) registration of the matchmaking server in the database (performed automatically 
immediately after startup); 

2) registration of the deployment server in the database (performed automatically 
immediately after startup); 

b) receipt by the client of data for connection to the matchmaking server: 

1) sending a request to the database with the specified region; 

2) obtaining information about the matchmaking server in the specified region; 

c) sending by the client a request with their game parameters to the matchmaking server 
about the match search; 

d) creation by the matchmaking server of a room with certain game parameters and 
waiting for filling a sufficient number of clients with parameters that match the 
parameters of the room; 

e) receipt by the matchmaking server of data for connection to the deployment server: 

1) sending a request to the database with the specified region; 

2) obtaining information about the available deployment server in the specified 
region; 

f) the matchmaking server sends a request for the deployment of the game server to the 
deployment server; 

g) deployment of the game server by the deployment server with a unique network port; 

h) providing the deployment server with information about the deployed game server to 
the matchmaking server; 

i) providing the matchmaking server with information about the deployed game server to 
all clients from the room, closing the room; 

j) connection by the client to the game server according to the provided information. 
 
Fig. 2 shows a sequence diagram of the developed system, which shows the sequence of the 
interaction of the components of the system. 
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Fig. 2. Sequence diagram of the matchmaking system 
 

4. Experimental Researches 
 

The task of research No. 1: to check the accuracy of the selection of players according to the 
given game characteristics. 
The task of research No. 2: to check the search time for matches for players, and the waiting 
time to fill the game room, for the queue of players with random characteristics. This research 
does not account for real network latency, it measures how fast the Matchmaking server can 
process the flow of a high number of players with different parameters, using AMD FX8300 
processor and 16GB Ram. 
 
List of provided characteristics with which the system works: 
a) relative coefficient Elo - the main game characteristic that reflects the playing ability of the 

player. The numerical value of the Elo coefficient is calculated independently of the 
developed system. For the researches, the Elo coefficient of each client will be randomly 
generated based on Poisson distribution, which can realistically depict the Elo distribution 
of players in a real game system; 

b) the maximum number of players in each team (Team Size) - is chosen by the player, and 
affects the size of the desired game room; 
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c) the number of players in the group (Party Size) - a characteristic that should be 
automatically determined by the game client, indicates the number of players in the team 
looking for a match together; 

d) match search region - a characteristic that determines the region in which the match will be 
searched, the region in which the game servers will be deployed for the found match 
depends on the selected search region; 

e) Elo accuracy - maximum Elo difference between players in one game room, by default is 
set to '100'. 

 
Research methodology No. 1: 
f) set different values for the Elo coefficient and the number of players in the group to 

different clients, with the same maximum possible number of players in each team; 
g) search for a match for the clients from the previous point several times, changing the 

maximum number of players in each team for all; 
h) check the difference between the average values of the Elo coefficient between the teams; 
i) the results can be considered successful if the difference between the average values of the 

Elo coefficient between teams with the same maximum number of players in each team is 
less than 100. 

 
Research methodology No. 2: 
j) set random values for the Elo coefficient in the range of 1-2000, and the random number of 

players in the group to different clients, with the same maximum possible number of 
players in each team - 3 players; 

k) search for a match for 100,000 clients from the previous item, who will join the queue 
consecutively, one after another; 

l) check the minimum, average, and maximum match search time for clients; 
m) check the minimum, average, and maximum time to fill the game room with clients; 
n) check the number of filled and unfilled game rooms; 
o) check the number of clients who have found the match and who are waiting at the end of 

the client queue; 
p) g) the results can be considered successful if for a queue of 100,000 clients, with a 

difference of the average values of the Elo coefficient between the teams less than 100, the 
average time to find a match and fill the game room does not exceed 10 seconds. 

 
Table I shows the input parameters and results of research No. 1. 
 

TABLE I. Research Inputs and Results 
Trial 
No. Input data Matchmaking 

server report Result 

1 2 3 4 
1 Username = «Client1», 

Elo = 1400, 
TeamSize = 1, 
PartySize = 1 

Added to «team2» 
in room «0» 

«Client1» and «Client3» have been 
added to one match, and «Client2» is 
pending. 
Team «team1» Elo = 1301; 
Team «team2» Elo = 1400. 

Username = «Client2», Elo = 
1300, TeamSize = 1, 

PartySize = 1 

Added to «team2» 
in room «1» 
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Trial 
No. Input data Matchmaking 

server report Result 

Username = «Client3», 
Elo = 1301, 

TeamSize = 1, 
PartySize = 1 

Added to «team1» 
in room «0» 

2 Username = «Client1», 
Elo = 2100, 

TeamSize = 2, 
PartySize = 2 

Added to «team2» 
in room «0» 

Users «Client1», «Client2», 
«Client3» were added to one match, 

but in different teams. 
Team «team2»: 

2 users in the group «Client1»,  
average Elo = 2100. 

Team «team1»: 
1 user in the group «Client2», 1 user 

in the group «Client3»,  
average Elo = 2090. 

Username = «Client2», 
Elo = 2050, 

TeamSize = 2, 
PartySize = 1 

Added to «team1» 
in room «0» 

Username = «Client3», 
Elo = 2130, 

TeamSize = 2, 
PartySize = 1 

Added to «team1» 
in room «0» 

3 Username = «Client1», 
Elo = 700, 

TeamSize = 3, 
PartySize = 2 

Added to «team2» 
in room «1» 

Users «Client1», «Client2», 
«Client3», «Client5», «Client6» were 
added to one match, but in different 

teams, and the user «Client4» is 
pending. 

Team «team2»: 
2 users in the group «Client1», 1 user 
in the group «Client3» average Elo = 

760. 
Team «team1»: 

1 user in the group «Client2», 1 user 
in the group «Client3», 1 user in the 

group «Client6», average Elo = 
763,333. 

Username = «Client2», 
Elo = 780, 

TeamSize = 3, 
PartySize = 1 

Added to «team1» 
in room «1» 

Username = «Client3», 
Elo = 820, 

TeamSize = 3, 
PartySize = 1 

Added to «team2» 
in room «1» 

Username = «Client4», 
Elo = 800, 

TeamSize = 3, 
PartySize = 1 

Added to «team2» 
in room «2» 

Username = «Client5», 
Elo = 760, 

TeamSize = 3, 
PartySize = 1 

Added to «team1» 
in room «1» 

Username = «Client6», 
Elo = 750, 

TeamSize = 3, 
PartySize = 1 

Added to «team1» 
in room «1» 

 
From Table I it can be concluded that the difference between the average Elo values of the 
teams does not exceed 100 in all trials, and the teams consisting of two members and more are 
balanced, so the difference between the average Elo values of these teams is minimal. 
Therefore, the results of study No. 1 can be considered successful. 
 
According to the results of study No. 2, shown in Fig. 3, the number of clients who found the 
match - 98137, with an average search time of 2 seconds and a maximum of 114 seconds. Other 
clients did not find a match due to the end of the client queue. Game rooms are filled in an 
average of 2.7 seconds, the maximum waiting time is 114 seconds. 
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Fig. 3. Screenshot of the results of processing the client queue 

Graphical interpretation of the results is given in Fig. 4 and Fig. 5. 
 

 

Fig. 4. Ratios of successfully created game rooms and found match’s 
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Fig. 5. Histograms of time expenses 

From Fig.5 we can conclude that the vast majority of players find a match in less than 20 
seconds. Therefore, the results of research No. 2 can be considered successful. 

 
5. Results and Conclusion 
 
The developed system selects players with similar in-game characteristics by a specific region, 
deploys game servers for selected players, and connects players to game servers. The system 
has a high scalability, which allows to meet the needs of projects of any size. The software 
system was experimentally studied and showed its efficiency, speed, reliability and ease of use. 
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Abstract: If you want to score at a lecture on the topic of "Work 4.0" to win at buzzword bingo, 
the terms: "sense", "purpose", "agility" or "new work" should not be missing. Unfortunately, the 
constructs behind these buzzwords are often so under-complex that they are unsuitable for 
operational implementation. An upgrade of the concept of "corporate identity", which has 
unluckily often been misused in the past, offers a viable alternative to implement the basic ideas 
behind these vague buzzwords in a way, that takes complexity into account. 
 
Keywords: corporate social responsibility, corporate identity, organizational development 
 
1. Introduction 
 
The starting question of this article is: How can an organization remain capable of making 
decisions and taking action in the face of disruption and uncertainty? Consulting firms are 
currently presenting solutions to this question – based on claims of simple causalities – that do 
not exist in practice and therefore do not work. The recourse to the model of Corporate Identity, 
in connection with basic insights of systems theory, is intended to offer a viable alternative. 
 
In the face of financial and climate crises, much has been written and discussed about the overall 
purpose, meaning and the right objectives of a company during the last decade. Especially the 
phrase “purpose driven organization” needed to be included in any contemporary consultant’s 
statement. The basic idea: Organizations should figure out which higher purpose they want to 
serve. If their members (employees) can identify themselves with this purpose, they are motivated 
intrinsically, which has a positive effect on commitment and employee loyalty. And beyond: the 
companies would then also be doing the right thing for their employees, the people, the society. 
 
But quite rightly, organizational sociologists trained in systems theory never tire of pointing out 
the downsides of this approach:  
"The determination of precise meaningful purposes, however, brings with it a fundamental 
problem: through their precise operationalization they limit the scope for change and block 
everything that does not fit the purpose.“1 [1]  
 
With purpose, employees could identify with the company better, but at the same time this 
identification considerably limits the company's ability to change:  
"It is precisely that which triggers strong identification that is particularly resistant to change and 
can only be changed by accepting strong demotivation. It is the strength and, at the same time, 
the weakness of identification that what the employees identify with can only be changed at great 
cost.“2 [2] 

                                                        
1 The German original quote: „Die Bestimmung genauer sinnhafter Zwecke bringt jedoch ein grundlegendes Problem 
mit sich: Sie begrenzen durch ihre präzise Operationalisierung den Spielraum für Veränderungen und blockieren 
alles, was nicht zum purpose passt.“ 
 
2 The German original quote: „Gerade das, was eine starke Identifikation auslöst, verwehrt sich besonders gegen 
Wandel und kann nur unter Inkaufnahme starker Demotivation verändert werden. Es ist die Stärke und gleichzeitig 
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What could be the alternative? How can a company make people an identification offer that also 
guides their actions but does not risk flexibility in this way? 
 
2. Upgrading Corporate Identity 
 
Also, in the past, it was not uncommon for people to say: "We as company-x, y-university or z-
association". And to better understand what these people associate with, the concept of corporate 
identity (ci) was established in the USA in the mid-20th century.\ 
 
And yet, thinking about the design and formability of this corporate identity (ci), its elements 
(philosophy, vision and mission) and its forms of expression (corporate culture and corporate 
communication) was quickly dominated by the idea of creating the most positive corporate image 
possible. So corporate image instead of corporate identity (ci). 
 
This is how ci topics ended up in the responsibility of marketing experts, which in average 
practice - also in Germany - led to a pleasing arbitrariness, increasing lack of content, up to a 
selective culture of lies (e.g. greenwashing) in the phrasing of ci (and in the companies 
themselves). 
 
Regarding the possibility of organizational development inherent in ci, the resulting loss of 
reputation of the concept of corporate identity is an annoying obstacle. After all, the self-image 
and self-definition of a company - thought and made in a contemporary way - can offer current 
and potential employees very good decision-making orientation and identification possibilities. 
 
3. How Can a Company Develop and Formulate Its Identity in a Contemporary, Attractive 

and Action-Oriented Manner? 
3.1 Who are We? 

 
Develop a further-reaching vision: 
 
Whereas the vision has mainly focused on how financial success should be generated for the 
shareholders ("We want to be the best service provider/producer of X in Y" etc.) so far, the 
question nowadays: "Who are we, why does our organization exist?" should also be answered 
with regard to social dimensions. Needed is a precise statement, in the sense of a concretization 
such as: "We exist to increase the social capital of people, with the following consequences for 
society, nature and future generations: ...". This part of the characterization of a modern enterprise 
could be formulated in this way, whereby a direct connection to the product or service does not 
even have to exist.3 [3] 
Corporate success is thus no longer defined by financial profit only - or other classic definitions 
of success such as market position - but also by the company's contribution to the social, human, 
intellectual or emotional capital of employees, customers and ultimately society.4 [4] This 

                                                        
die Schwäche der Identifikation, dass man das, womit sich die Mitarbeiter*innen identifizieren, nur unter hohen 
Verlusten ändern kann.“ 
 

3 In his study, Jim Collins found that the most economically successful companies are characterized by the fact that 
they were able to answer three sets of questions for themselves: 1. What can we be the best at? (This corresponds to 
the classic vision). 2. What is our true passion? (The answers of the companies mostly contain social dimensions, 
similar to the extended intention) and 3. What is our economic motor? (The economic denominator that has the 
strongest influence on the economic development of the company, i. e. key performance indicators). The product or 
service seems insignificant. 
4 For example, Michael E. Porter writes: „The purpose of the corporation must be redefined as creating shared value, 
not just profit per se. This will drive the next wave of innovation and productivity growth in the global economy”. 
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extension is important because, after eco-Gaus and financial crises, people are critically looking 
at the overall responsibility of companies - including potential and current employees. This is also 
the reason why the discussion mentioned at the beginning of this article about the purpose of a 
company has been conducted with such commitment in the recent past. 
 
3.2 What do We Want to Do? 
  
Give the corporate mission a broader intention: 
Classic mission statements describe how the goals (from the vision) should be achieved in day-
to-day business. The mission only focuses on the organization itself: "We want to achieve 
daily...". 
 
The contemporary extension aims at something else, namely: "What you can be and become 
with us! Such an intention can be directed both, to the employees and to the customers. Thus, the 
role of the organization changes, e.g. from employer and salesperson to coach, mentor or even 
collaborator of the fellow human beings.5 [5] 
 
For (potential) employees, such an intention opens up a defined (possible) "interface between the 
personal calling and the meaning of the organization"6 [6], which can provide important 
orientation, for example in recruiting or development discussions, as to whether you match , the 
tasks match, or how to continue. 
 
3.3 How are We Going to Do It? 

 
Live values! Formulate principles: 
Lived values are points of reference for the how of human interaction. For the self-image of the 
employees, the collaborators, the comrades-in-arms in the sense of: "We have a common idea of 
professionalism". 
 
By the way, the ability to sanction violations of values is the litmus paper for the effectiveness 
and survivability of organizational values. In practice, the propagated corporate values are 
unfortunately rarely reflected in their implementation by the organization itself. 
The derivation of principles from the organizational values would be a well manageable 
operationalization for this. 
 
Principles here are general guidelines, not case-specific rules. They can be derived from the 
values shared and lived in the company, also in connection with the vision and mission. Principles 
should convey: "How we want to work together! For teams or departments, a few simple 
sentences, which are free of contradictions among each other, which can be, for example, 
"accuracy before speed" or even the opposite. 
It is also possible to formulate principles that create a field of tension. For example: "We are 
experts, but we are also learners". The special quality of such principles is that they have a 
dynamic character and therefore correspond well with a possibly particularly dynamic business 
environment. 
 
                                                        
5 An intention „specifies how an organization will ensure that others flourish, become, change, grow, blossom, and 
better not just what they have – but who they can be and become.” „An intention changes the role of the organization 
from seller – pushing more junk at people that often results in few or zero gains to the Common Wealth – to a coach, 
mentor, guide, and, ultimately, collaborator”, writes Umair Haque. 
 

6 Frederic Laloux writes in the German edition of his book: „Schnittstelle zwischen individueller Berufung und Sinn 
der Organisation“ 
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These very different example principles may already make clear, how massively their application 
can shape a corporate culture. When developing sets of the principles of cooperation, it is 
therefore important to think in terms of the effects of the individual principles and to examine 
whether these effects promote a spirit of cooperation which ultimately also corresponds to the 
identity (or peculiarity) of the entire organization. 
 
4. Results and Conclusion 
 
Why companies - despite the criticism of purpose - should continue to feel responsible for offering 
meaning:  
 
It is beneficial to the company's success in many respects if it succeeds in making attractive 
identification offers. A purpose may create simple and quick identification, but it makes deviant 
changes dangerous and therefore immobilizes the organization. In my opinion, an updated 
approach to the topic of corporate identity offers a good alternative. 
 
If an organization is authentic in its ci, it offers a bundle of identification possibilities, i.e. it has 
a character that can be perceived and determined by people. 
 
Let's take the principles mentioned above, for example: From the management perspective, they 
support the decision-making ability of employees by providing orientation in weighing up issues. 
And they can be designed as a set or system - so they can also be different for each department 
depending on the task at hand. Effect: The entire organization is still able to meet contradictory 
demands for action at the same time.7 [7] 
 
A further effect: If the employees experience such a pragmatic approach to goals and purposes, 
changes to individual goals or purposes should not endanger loyalty. Because: The overall 
character (the ci) of the organization is (or is not) a source of identification for a person, not each 
individual element. 
 
In addition, a guaranteed, substantially formulated ci is the first and best prerequisite for good 
employer advertising (employer branding), since on this basis the company’s attractiveness as an 
employer can be communicated better. 
 
Furthermore, only an organization with a "clear attitude" can make convincing “promises of 
values” to employees and customers: 
„Future markets will always be markets of meaning - in terms of health and nature, culture, 
education and religion. Ultimately, it's all about authenticity and quality of life. Value messages 
instead of advertising messages will then be the demand of consumers, who also see themselves 
as a generation of seekers of meaning.“8 [8] 
 

                                                        
7 Fritz Simon writes about it: "In this way, islands of ambivalence-free action are created. They are social systems in 
which unambiguous, clear, goal-oriented and contradiction-free action is possible - despite all the paradoxical calls 
for action, ambiguities and ambivalences to which the superordinate system is exposed" 
The German original quote is: „Auf diese Art und Weise entstehen Inseln ambivalenzfreien Handelns. Es sind soziale 
Systeme, in denen eindeutiges, klares, zielgerichtetes und widerspruchsfreies Handeln möglich ist – trotz aller 
paradoxer Handlungsaufforderungen, Ambiguitäten, Vieldeutigkeiten und Ambivalenzen, denen das übergeordnete 
System ausgesetzt ist.“ 
 

8 The German original quote: „Zukunftsmärkte werden immer auch Sinnmärkte sein – bezogen auf Gesundheit und 
Natur, Kultur, Bildung und Religion. Letztlich geht es um Authentizität und Lebensqualität. Wertebotschaften statt 
Werbebotschaften heißt dann die Forderung der Verbraucher, die sich auch als eine Generation von Sinnsuchern 
versteht.“ 
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Above all, however, the growing number of present and future urgently needed knowledge 
workers, demands and earns more from their work than wages and bread. They no longer want to 
work in organizations for which only profit - and/or the survival of the organization as an end in 
itself - is the highest good. They simply do not want to and cannot identify themselves with such 
organizations. We must develop alternatives for them. 
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Abstract: Humor is a popular and universal communication strategy and leads to shared feelings 
of mirth. Still, some interculturalists warn against its usage in situations of intercultural 
interaction, and this would consequently include project coordination in international teams. In 
this article, the author investigates what the benefits and risks are of using humor in interaction 
in general and intercultural interaction in particular. He bases his findings on a theory of 
communication that focuses on private mental models as ways of making sense of situations and 
public mental models as ways of exchanging and coordinating people’s views of, and feelings 
about, a specific situation.  
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1. Introduction 
 
Researchers who occupy themselves with humor and its significance as a social phenomenon in 
business and other contexts often meet with a degree of skepticism. When I published a study of 
the humor in the highly successful British comedy The Office, [1], for example, a former student 
who saw my book, wrote in a message, “I didn't even know there was such a thing as a humor 
scholar.” So, is humor worth researching, and if so, is there a link to such a serious concern as 
project management? What is this link and what are the positive and/or negative consequences of 
using humor in a work-oriented environment? 
 
When we talk about project management, it goes without saying that successful projects cannot 
happen without successful communication, and communication often includes the use of humor. 
Nonetheless, in spite of its popularity and the mirth that it causes, in texts about interaction that 
is intercultural, we often find advice to use humor with caution. An example is, for instance, John 
Mole, who warned the readers of his book about cultural differences in business that “humor 
travels badly” [2, p. 15]. And the pioneer of cultural studies, Geert Hofstede, argues, “in 
intercultural encounters the experienced traveler knows that jokes and irony are taboo until one 
is absolutely sure of the other culture’s conception of what represents humor [3, p. 390]. 
 
We see, then, that on the one hand, humor is applied very often in interaction and causes pleasure 
and a degree of cheerfulness; while on the other hand, there are warnings against the use of humor 
in intercultural contacts. Is humor use so risky that we should be careful in applying it with people 
from other cultures than our own? And if so, why is it so risky in such situational contexts? These 
are the questions that I will discuss in this paper, and I will do this in the following manner. In 
the next session, we will look at the question what defines humor and how it is related to the 
situational context in which it is used. After that, we will analyze the function of humor in 
interaction, and discuss why it creates a good feeling amongst those who understand it. The third 
question we will address is why in intercultural interaction the use of humor can fail and what the 
consequences and the significance of failed humor can be. Finally, we will present our 
conclusions.  
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2. What is Humor? 
 
So to our first question: what is humor? As said before, humor is a form of communication that 
is universally applied. There appears to be no culture on this planet in which people do not joke 
with each other. There is therefore nothing trivial about humor as a social phenomenon, and we 
need to take it seriously. If we want to analyze it as a communication form, the overarching 
phenomenon of communication is where we should start. 
 
Dealing with situations 
All people have to come to terms with the world that they and we live in, and each situation that 
we consciously experience calls for a response. In order to make sense of a situation and to 
determine how we should act or behave in it, we need to have a simple model of what defines its 
nature. Such a model of a situation that we construct in our minds is called a mental model [4–7]. 
It is important to note that mental models are not exclusively cognitive. Besides beliefs, they also 
contain feelings and desires about what the situation is and how it should develop. Every 
interactant in a situation in which people cooperate constructs a mental model of the situation, 
and if people want to engage in a joint enterprise successfully, their mental models need to 
converge sufficiently [8]. In other words, people need to have the impression that their mental 
models are similar and compatible. 
 
This means that people who want to do something together need to test their mental models for 
convergence and see if any adaptations are necessary. The main tool to see to what extent mental 
models are similar and compatible is to make them public through discourse, i.e. through language 
use. People tell each other what their mental models are, and they compare them to see where 
differences might occur that have to be negotiated in further discourse. The aim, as stated before, 
is to achieve enough convergence to cooperate successfully.  
 
However, in the process of making their mental models public, people filter them and alter them 
to control the social effects that expressing their real, private mental models might have. Some of 
the reasons for this can be politeness towards others and concern for people’s own face. It is often 
better to say that there “may be a few serious problems in implementing” a suggestion than to say 
that it is absolutely ridiculous, even if that is what one thinks. People can also alter their private 
mental models when they try to deceive others by lying to them or by hiding essential information 
from them, and they can change their private mental models when they want to be humorous. 
 
How do we deal with the fact that public mental models need not mirror private mental models 
faithfully and that we are dealing with altered versions of private mental models? One way is 
relying on the good faith of our communication partners. When we try to understand others, we 
normally assume that people are cooperative and helpful [9, 10] and that they represent their 
private mental models sufficiently faithfully in their public versions of it. We act on the conviction 
that they are truthful enough to enable cooperation. At the same time, we can to some extent check 
if people are sincere. Our own experiences with situations and our ability to empathize with others 
help us to imagine or reconstruct what other people really think, want and feel in a situation, in 
other words, what their private mental models are. If these appear to deviate from their public 
mental models, we cannot only notice the difference, but also try to identify the reason why the 
two versions differ. In this way, we can detect politeness, face concerns, deception, humor, irony 
and so on. 
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Fig. 1 Private mental models and public mental models in communication 

Example 1: It is raining heavily and a couple, Jaime and Rebecca, walk to their car on the other 
side of the road. Rebecca says to Jaime, “What a lovely day.” 
 
We understand the irony in such a message, because we assume on the basis of our own 
experience with similar situations that Rebecca’s public mental model is not a truthful reflection 
of her private mental model. We also conclude that the reason for adapting her public mental 
model in this way is a wish to be seen as ironic, and as accepting the situation for what it is without 
complaining unnecessarily. If one of these elements of understanding was left out, and we took 
public mental models at face value, the message would be odd in this situation, because Rebecca 
would have a very idiosyncratic notion of what a lovely day is. 
 
Example 2: My brother sends me an e-mail and asks me if I know the song that goes “la la la la 
la.”  
 
Obviously, this cannot be something my brother really wants to know. The question only makes 
sense as a joke. Our conclusion must be: understanding someone’s message or, in technical terms, 
their intention, involves grasping firstly, what people say they think, feel and want (their public 
mental model), secondly, what someone really thinks, feels and wants (their private mental 
model), and thirdly, where any perceived differences comes from. 
 
So, if humor and irony involve misrepresenting our private mental models, why try to be funny 
and say something that you do not really mean, or, as linguists would express it, something that 
you do not want to be held accountable for? What gives humorous people the special license to 
“deceive” others about what they think, feel or want? Deceit, of course, is a serious matter. It 
affects genuine concerns and it should remain undiscovered, because one of the parties is trying 
to gain an advantage over the other party or parties through disadvantaging them without their 
knowledge. However, humor is not real deceit. In humor, the aim is for the deceit to be discovered, 
together with the motive behind it: being humorous. This means that the deceit is in reality a form 
of mock deceit, being perpetrated in a spirit of playfulness and put forward as a challenge to others 
to find the speaker out [1, 11]. The nature of the humor game, then, is the same as with all 
communication. We not only need to understand what humorous people say, but also what they 
really think, feel and want (or at least that what they say is not really what they think, feel and 
want), and the reason for adapting their message (in the case of humor, because they want to be 
seen as humorous). 
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3. The Function of Humor 
 
Why should people play such a game if straight talking is so much clearer? The answer is that the 
humor game is more serious than it might appear. Literary scholar Brian Boyd [12] claims that 
the function of humor is testing the similarity of our thought patterns, and I agree. If one person 
jokes and represents a non-genuine mental model without indicating that she or he is doing so, 
and another person is able to detect not only the non-genuine character of the public mental model, 
but also how it relates to the speaker’s private mental model, as well as what the motive behind 
the model alteration is, we have a deep insight into the joking person’s mental model 
constructions. Such apparent deep understanding suggests a great degree of psychological 
closeness, and such closeness raises the attractiveness of people in each other’s eyes [13, 14]. It 
also suggests that mental-model coordination will be easy, and that raises the chances of 
successful cooperation. This explains why humor is such a universally applied strategy in business 
contexts, including projects, as well in other types of activities. When we also take into account 
that our mental processes are strongly influenced by our culture [15], successful humor in 
intercultural interaction underlines people’s ability to understand each other in spite of cultural 
differences. This is a great potential benefit of the use of humor in intercultural cooperation. 
  
The “mock deceit” of humor typically involves some form of “non-normative” behavior, i.e. 
behavior that is seen as inappropriate, ineffective or illogical in the given situation. This can be 
the act of communicating itself, when the speaker suspends its cooperative character: Many 
canned jokes mislead the hearer by raising false expectations about a situation and the way it 
develops. The narrator pretends to be telling a normal story (public mental model), while in reality 
he or she knows that the story will have an unforeseen ending and take the recipient by surprise 
(private mental model). There may be a form of non-normative behavior in the joke itself, as in 
the following joke.  
 
Example 3: 
The Sentimental Brother 
An Irish man walks into a pub. The bartender asks him, "What'll you have?" The man says, "Give 
me three pints of Guinness please." So the bartender brings him three pints and the man proceeds 
to alternately sip one, then the other, then the third until they're gone. He then orders three more. 
The bartender says, "Sir, I know you like them cold. You don't have to order three at a time. I can 
keep an eye on it and when you get low, I'll bring you a fresh cold one." The man says, "You 
don't understand. I have two brothers, one in Australia and one in the States. We made a vow to 
each other that every Saturday night we'd still drink together. So right now, my brothers have 
three Guinness Stouts too, and we're drinking together. The bartender thought that was a 
wonderful tradition. Every week the man came in and ordered three beers. Then one week he 
came in and ordered only two. He drank them and then ordered two more. The bartender said to 
him, "I know what your tradition is, and I'd just like to say that I'm sorry that one of your brothers 
died." The man said, "Oh, me brothers are fine----I just quit drinking." 
 
The behavior of the drinker in the story is non-normative, as it lacks any sense of normal logic. 
On the other hand, humor only works if there is a pseudo-plausibility in the story [16] that makes 
it coherent rather than nonsensical. Other forms of non-normative behavior that can be used for 
humorous purposes concern non-communicative behavior: e.g. the behavior of the clown in the 
circus who fails to do the simplest things, or Laurel and Hardy’s vain attempts to deliver a piano 
in The Music Box. Displaying breaches of normative behaviors or reporting on them in a funny 
story or anecdote and their subsequent discovery by the addressees reinforces our awareness of 
them. The French philosopher Henri Bergson [17] pointed out that humor can be a corrective 
mechanism that works through ridiculing the non-normative behavior. Bergson also suggested 
that normative behaviors are culture-specific so that people from various cultures laugh at 
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different things. There is, then, a chance that humor fails, especially in situations of intercultural 
interaction. 
 
4. Understanding and not Understanding Humor 
 
The risk of humor failing is mitigated by the circumstance that it is associated with a sphere of 
playfulness, where no genuine concerns are at stake. In this manner, the impact of 
misunderstandings is reduced, and failed humor can be signaled and explained. This is the reason 
why a hedge like “Just kidding” as a signal of a humorous intent comes in handy [18], and if the 
joke is still not understood, an explanation can follow. Note, however, that the explanation of a 
joke is the proof that the recipient has failed the challenge, so that the beneficial effect of the 
humor largely disappears, and the initial misunderstanding—i.e. a failure to coordinate mental 
models—is highlighted. If jokes fail repeatedly, mental-model coordination appears to be 
problematic and the effect is likely to be detrimental to the atmosphere of cooperation. 
 
When humor fails, there may be various reasons for it leading to different social consequences. 
One is that people do not understand the public mental model that is presented to them. This can 
happen especially in intercultural communication, when recipients do not speak their native 
language and lack the necessary skills in the—for them—second language that is used in the 
interaction. The public mental model may also be difficult to relate to when it refers to cultural 
phenomena with which the addressees are not familiar. As a result, they may not be able to process 
the model presented to them. If they still pick up the playfulness signals that humorous people 
often send out–such as a smiling face–they may conclude that the unintelligible public mental 
model is meant to be humorous and pretend to understand the humor in order to keep a sense of 
mutual understanding upright. Meanwhile, the ability of some and the inability of others to relate 
to public mental models is what characterizes inside jokes, and these can be turned into a powerful 
weapon of inclusion and exclusion in interaction.  
 
A second reason why not all people may want to or be able to share in humorous interaction is 
that there is disagreement on the appropriateness of play in otherwise serious discourse, such as 
business-related discussions. If people feel that playfulness is out of place or that the frequency 
with which serious discourse is interrupted for humorous play is too high, they may be annoyed 
rather than amused by humorous displays. Mole [2] presents a scale of humor frequency in 
business, with Germany, Romania, Estonia, China and Turkey at the low end of the scale and the 
UK, the Netherlands, Ireland and “North America” at the high end. Rogerson-Revell [19] 
describes a case of native speakers of English who, in a meeting, continually exchanged jokes 
with each other that the Chinese participants did not appreciate. As a result, the atmosphere in the 
meeting became tense and the position of the Hong Kong chair was undermined by the native 
speakers’ refusal to stick to serious matters in spite of attempts by the chair to persuade them to 
do so.  
 
The third reason why people may fail to appreciate humor is that they can make sense of the 
public mental model, but do not recognize the distortion in it, the playfulness with which it is 
presented, and the humorous intent underlying it. They think that the confusing public mental 
model reflects a confusing private mental model. Consequently, the message does not make sense 
or it is offensive. Some forms of humor include mock accusations or mock insults (banter). When 
recipients do not detect the fact that the public mental model deviates from the private mental 
model because of a humorous intent, they take the accusations or insults seriously, and this can 
lead to crises in social relationships. Hofstede presents the following example of failed humor in 
a situation in Indonesia involving an Indonesian manager, Markus, and a Dutch manager, Frans. 
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Example 4: 
It was an ordinary morning with a routine informal office meeting. They all sat around the 
meeting table, and found themselves short of one chair. Markus, one of the Indonesian managers, 
looked in the connecting office next door for a spare chair. 
 
The next door office belonged to a Dutch manager, Frans. He was out, but he would not mind 
lending a chair; all furniture belonged to the firm anyway. Markus was just moving one of Frans’s 
chairs through the connecting door when Frans came in from the other side. 
 
Frans was in a cheerful mood. He walked over to his desk to pick up some papers, and prepared 
for leaving the room again. In the process he threw Markus a friendly grin and as an afterthought 
he called over his shoulder: “You’re on a nice stealing spree, Markus?” Then he left, awaiting 
no answer. 
 
When Frans returned to his office after lunch, Markus was waiting for him. Frans noticed Markus 
had put on a tie, which was unusual. “Markus, my good friend, what can I do for you?” Frans 
asked. Markus watched him gloomily, sat straight in his chair and said firmly and solemnly: 
“Frans, I hereby declare that I am not a thief.” 
 
Dumbfounded, Frans asked what the hell he was talking about. It took them another forty-five 
minutes to resolve the misunderstanding. 
[3, p. 390] 
 
The Indonesian failed to discover the distortion of Frans’ private mental model in his public 
mental modal and did not recognize Frans’ playfulness. As a consequence, Frans’ mock 
accusation was understood as a real one that constituted a crisis that needed to be addressed 
urgently.  
 
5. Conclusion 
 
This case, as the rest of this text, aspires to make clear that humorous messages are not merely 
something funny that someone says. Instead, they are playfully intended challenges to discover 
the distortion of the speaker’s private mental model as well as the humorous intent and the spirit 
of playfulness, which are an integral part of the message. Successful humor can point to 
similarities in mental-model construction, strengthen the bond between the interactants and 
stimulate their cooperation. This effect can be especially strong if people’s backgrounds differ, 
as in intercultural cooperation. At the same time, repeated misunderstandings when people try to 
joke may not affect serious concerns, but they highlight a reduced ability to understand each 
other’s mental processes, which can put cooperation and relationships under a degree of strain. 
  
In view of all this, our conclusion can be that the benefits of humor use should not be dismissed 
too lightly. If humor is not too culture-specific and is presented in an appropriate frequency as 
well as in a style that is easily understandable to non-native speakers, it can be a powerful 
communication strategy that helps people to enjoy working together and can contribute to the 
success of their common enterprise. 
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Abstract:  Late delivery or schedule overrun are the main factor contributing in the failure of the 
projects. Due to which many projects of both public and private organizations are suffering, 
causing all the negative consequences resulting in increased cost, poor quality and low profit of 
the projects. This research aims to assess the impact of two main types of governances i.e. Project 
Governance and Information Technology governance on the performance of the projects. The 
study is distinctive in its scope and implications in context of Islamabad/ Rawalpindi software 
houses. Through simple random sampling technique, data is gathered from 220 respondents. To 
examine the said relationship, it is analysed by using Structural Equation Modelling. The findings 
will help the project managers/ leaders in formulating strategies to avoid delay and complete 
projects on time. 
 
Keywords: information technology governance, project governance, project delay 
 
1. Introduction 
 
The biggest issue of projects is the delay hindrance faced by almost every organization of 
numerous countries [1]. Company’s success has become quite critical, as timely completion is a 
major aspect of accomplishment. According to Pakistan’s Public Account Committee, over 1000 
projects are unable to complete on time losing huge amount of money each year. Apparently, it 
has been observed via different studies that projects have very little success rate, as majority 
suffered cost and schedule overrun failing in achieving the objective of revenue generation. A lot 
of work has to be done in order to accomplish the significant results from software development 
projects evident by the Standish Report of Chaos 2015 [2]. To increase the performance of 
projects, a new method has been discovered by Altshuler and Luberoff [3] and Biesenthal and 
Wilden [4],  suggesting a novel concept of project governance on project level guaranteeing the 
successful project delivery. According to Keith et al. [5, pp. 27] “The system by which a project 
is governed, directed, and controlled” is known as project governance. Another type of 
governance acting as a key part in both success/ failure of the project is IT governance [6]. 
According to Maccani et al. [7, pp. 4] and Bradley et al. [8, pp. 157], “The capacity of top 
management to control the formulation and implementation of the IT strategy via organizational 
structures and processes that produce desirable behaviours, which will ensure that IT initiatives 
sustain and extend the organization’s strategy and objectives”. This clarifies the robust connection 
between project governance and IT governance on all the stakeholders involved. Different reports 
suggests that most software development projects were unable to complete on time despite having 
people with substantial computer science background, only 40% of projects were considered 
successful fulfilling all quality standards, time and budget while among 60 % of projects were 
challenged due to delay, over budget and cancellation before delivery and time completion [9], 
[10]. The main cause of projects being delayed can be due to the non-implementation of IT 
governance and project governance [11]. The purpose of this research paper is to release the 
software projects to go seamlessly without any errors. Providing a deep understanding to project 
front-runners to avoid any causes leading to delay of a project. This paper further endeavours to 
debate on the basic dimensions of these two types of governance, which decides the fate of the 
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projects. As per analysis, if full consideration is given to these factors it will keep the project on 
the right track [12]. 
 
2. Proposed Method 
 
A deductive approach has been used to find the research questions. To observe the association 
among the variables project governance, IT governance and project delay, quantitative approach 
has been used. The research model of this study is shown in Fig 1. 
 

 

 

 

 

 
 

 

 

 

 

 

 

 
Fig. 1. Research model 

 
Through survey method, statistical data is gathered to test the hypotheses in single moment in 
time. Simple random sampling technique is used to decrease the chances of biasness. The 
population selected for this study is the software houses of Islamabad/Rawalpindi. Data is 
collected from the organizations involved in software development projects. Questionnaires have 
been filled by project managers and above of the organization who are the frontrunners working 
on projects. Self-administered questionnaires were distributed among the respondents of random 
organizations of twin cities. 
 
In order to get reliable and accurate, data primary data is collected. After data collection 
descriptive analysis, reliability and validity are tested. Further SEM analysis is used to study the 
structural connections. 
 
3. Experimental Data Analysis 
 
By applying various statistical tests through SPSS and PLS-SEM the gathered data has been 
analysed indicating that ITG and PG has negative impact on PD see Table I.  
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TABLE I. Construct Reliability and Validity  

Dimensions Cronbach’s 
Alpha rho_A 

Composite 
Reliability 

(CR) 

Average 
Variance 

Extracted (AVE) 

Project Delay 0.854 0.86 0.91 0.77 
Information technology 
Governance 0.95 0.95 0.95 0.74 

Strategy setting 0.82 0.82 0.88 0.65 

Value Delivery 0.84 0.84 0.89 0.68 

Risk Management 0.89 0.89 0.92 0.65 

Relational mechanism 0.76 0.78 0.85 0.58 

Polycentric Approach 0.88 0.89 0.90 0.52 

PG 0.91 0.92 0.92 0.64 

Portfolio direction 0.81 0.82 0.87 0.58 

Disclosure & reporting 0.82 0.85 0.88 0.60 

Organizational structure 0.83 0.85 0.88 0.54 

Centralization          0.83 0.85 0.88 0.60 
 
The findings are parallel with the arguments in the literature that through IT governance 
implementations achievement of organizational goals are targeted. It overcome and reduce the 
risks associated with project life cycle [13]. While the dimensional results suggest that project 
leaders should highly focus on risk management, strategy setting, polycentric approach, value 
delivery and relational mechanism as they are significantly related with project delay. The results 
also supported that with the purpose of achieving project or firm’s goals the concept of project 
governance must be taken into consideration. The mangers should concentrate on the dimensional 
factors of project governance including centralization of authority, organizational structure, 
portfolio direction and disclosure and reporting. It will improve the issue of project delay of the 
organization [14] see Table II and Table III. 

TABLE II. Path Coefficient 

Path Mean 
(M) 

Standard 
Deviation 
(STDEV) 

T 
Statistics P Values 

IT Governance -> Polycentric Approach 0.78 0.05 14.52 0.00 
IT Governance -> Project Delay -0.28 0.14 2.13 0.03 
IT Governance -> Relational Mechanism 0.85 0.02 36.53 0.00 
IT Governance -> Risk Management 0.93 0.01 86.45 0.00 
IT Governance -> Strategy Setting 0.84 0.02 40.29 0.00 
IT Governance -> Value Delivery 0.89 0.02 57.56 0.00 
Project Governance -> Centralization of 
Authority 0.68 0.06 10.59 0.00 

Project Governance -> Disclosure & Reporting 0.84 0.02 34.93 0.00 
Project Governance -> Organizational Structure 0.83 0.03 27.09 0.00 
Project Governance -> Portfolio Direction 0.84 0.03 31.65 0.00 

Project Governance -> Project Delay -0.42 0.1 4.08 0.00 
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TABLE III. Discriminant Validity 
 C Dr ITG Os pa pd PD PG rlm rm Ss Vd 

C 0.77            

Dr 0.46 0.77           

ITG -.35 -.64 0.66          

Os 043 0.56 -.67 0.74         

Pa 0.43 -.59 0.79 -.65 0.72        

Pd 0.39 0.63 -.55 0.61 -.59 0.76       

PD -.03 -.24 0.00 -.12 0.15 -.28 0.88      

PG 0.68 0.84 -.70 0.83 -.72 0.84 -.21 0.60     

Rlm -.55 -.54 0.85 -.70 0.66 -.57 -.00 -.74 0.76    

Rm -.19 -.55 0.93 -.55 0.62 -.42 -.05 -.55 0.69 0.81   

Ss -.19 -.46 0.84 -.50 0.46 -.45 -.04 -.52 0.68 0.76 0.81  

Vd -.20 -.58 0.89 -.46 0.52 0.32 -.08 -.50 0.70 0.85 0.81 0.82 
Note: c=centralization of authority, dr= disclosure& reporting, os=organizational structure, pa=polycentric 
approach, pd=portfolio direction, PD= project delay, PG=project governance, ITG= information technology 
governance, rlm=relational mechanism, rm=risk management, ss=strategy setting, vd=value delivery. 

4. Results and Conclusion 
 
Projects are considered an important factor of business operation and their success has huge 
influence on firm’s success. In order to improve the performances of the projects many 
researchers and practitioners are suggesting many project management strategies and 
methodologies to lower the effects of delay as evidenced by many surveys and studies. To 
enhance the project performance and eliminating the effect of delay a quest for new way is highly 
required. These two types of governances i.e. project governance and IT governance has become 
an archetype to eliminate delay effects on projects. The results provide an empirical evidence that 
IT governance and project governance has a negative impression on the organization’s project 
delay. The end results of dimensions also suggest that project front-runners must focus on all the 
aspects of IT governance and project governance.  
 
These results provide evidences to project managers that these two types of governance facilitate 
the success of the project. It also provided a foundation for future research to project management 
scholars in these two types of governance IT governance and project governance. 
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Abstract: Many people in need of care have the wish to stay in their own home as long as possible. 
In order to meet this wish, care platforms, which provide services for care at home, are supporting 
this project. In order to uncover the potential that exists in the area of care platforms, twelve care 
platforms were examined by means of a competitor analysis. On the basis of the results, it can be 
seen that potentials exist in the area of the offer, in marketing and in the technical field. One 
example is the possibility of acting as a full-range provider, as the platforms examined each cover 
only a part of the needs of a person in need of care. A further example is the connection of the 
care platform with Ambient Assisted Living (AAL) systems, in order to collect information for a 
more individualised offer and to offer further services, such as rapid communication in the event 
of an alarm from a fall detection system.  
 
Keywords: E-Health, competitor analysis, innovation, business administration, project-oriented 
business 
 
1. Introduction 
 
The rising life expectancy in Germany is leading to an ageing population in the demographic 
change [1]. As a result, the proportion of people in need of care will rise, since the need for care 
primarily arises in old age [2]. There were 3.32 million people in need of care in Germany in 
2017. By 2030, 3.92 million and by 2060 even 5.06 million people are expected to need nursing 
care [3]. In order to meet the wish of many people in need of care to stay longer in their own 
homes, it makes sense to research supporting technologies. A side effect is the relieving of the 
cost situation in the care sector [4]. In this context, the Internet of Things (IoT) is of crucial 
importance. In the field of AAL, IoT-based methods, concepts, systems, products and services 
are increasingly being developed to facilitate the everyday life of people with disabilities 
depending on the situation [5]. In addition to technologies that are installed in the direct living 
context on site, such as lighting, room temperature and music control, as well as alarm systems 
such as smoke detectors or fall detection, web-based care platforms are also attributable to the 
extended environment of the AAL sector, as they facilitate access to care services in the home. 
  
The results presented within this paper originate from the joint research project Smart Care 
Service (SCS), which is financed by the European Fund for Regional Development and the State 
of North Rhine-Westphalia (EFRE.NRW). The project consortium consists of organisations from 
industry, science and the social sector and its goal is the development of an innovative care 
platform for presenting and arbitrating situation-dependent and individually optimised services 
for people in need of care and/or their relatives. One task of the project is the analysis of the 
market situation. This includes an analysis of competitors in order to determine the current state 
of the market and to identify potentials for an innovative care platform. The results of such a 
competitor analysis will be presented below and potentials for an innovative care platform will 
be derived.  
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2. Method 
 
The foundation of a new company, no matter what type of business or industry, requires a 
thorough understanding of the market environment in which one intends to enter [6]. One of the 
first steps in the analysis of the market and framework conditions of a project should therefore be 
to examine available solutions from existing providers, that represent potential competitors and 
to compare these companies among themselves [7]. This aims to identify the strengths and 
weaknesses of the individual market participants as well as to determine why the customers' needs 
are apparently not sufficiently satisfied and why, consequently, there is a need for another 
provider to do so [8]. As a result of such a competitor analysis, it is usually desired to find 
differentiation potentials that will give one's own company a unique selling proposition [9]. One 
way to perform a competitor analysis is the benchmark analysis, to identifies key factors that are 
decisive for the success of a project and is therefore well suited for this study, as success factors 
for an innovative care platform should be found [8]. Fig. 1 shows the step-by-step process of the 
applied competitor analysis, based on the Fleisher and Bensoussan benchmark analysis and 
adapted to fit the analysis of the care platforms. 
 

 

Fig. 1 Procedure of the Competitor Analysis (according to [8]) 

In order to be able to develop an innovative care platform, it must be determined in which 
processes and areas there is potential for improvement. For this purpose categories were identified 
inductively to cover most of the subject areas that needed to be examined. Emphasis was placed 
on the portals' offerings, quality aspects as well as marketing and financing measures. After the 
creation of categories, they were detailed with appropriate criteria necessary for characterizing 
and comparing competitors. The interest was directed towards which intermediation offers on 
care platforms can be booked so far and which offers are available in addition to intermediation 
for persons in need of care. In addition to the offer, the focus was to be placed on quality assurance 
in the form of identity checks and transparency, which were considered particularly critical for a 
trustworthy portal. The study also focused on the different financing options, especially whether 
the platform can be accessed by the user free of charge. Both inductive and deductive methods 
were used to establish the criteria. In the first step, inductive categories and criteria were defined, 
which were considered important through in-depth study and research on the topic. Afterwards, 
some more criteria were added deductively during the screening of existing platforms. Table I. 
shows the criteria used for analysis, listed by categories. 
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TABLE I. Analysis Criteria listed by Categories 

 
Although there are now quite a few care platforms that specialise in mediating between people in 
need of care and carers, there is still no platform that has become established. It was necessary to 
first research existing portals and then choose suitable ones, whereby twelve care platforms were 
selected. Not all of the portals considered are focused only on the intermediation of care services, 
nevertheless one selection criterion was that care and nursing intermediation was at least offered 

Category  Criteria Value Range 
General  
Information 

Definition of objectives 
Foundation  
Awareness  
Entrepreneur & Form of enterprise  
Number of employees  
Target group  
Location  
Focus  
Partners & Cooperations  
App available  
Registration necessary 

Text 
Text 
Text 
Text 
Text 
Text 
Text 
Text 
Text 
Yes/ No 
Yes/ No 

Intermediation  
offer 

Intermediation of low-threshold offers  
Intermediation professional offer – outpatient  
Intermediation professional offer – stationary  
Intermediation of care products  
Intermediation of AAL products  
Intermediation other offer  
Intermediation Categories  
Intermediation fee 

Yes/ No 
Yes/ No 
Yes/ No 
Yes/ No 
Yes/ No 
Text 
Text 
Yes/ No 

Offer in  
addition to  
the intermediation 

Consulting 
Presentation of facilities & service providers* 
Information material  
Care degree calculator* 
Other 

Yes/ No 
Yes/ No 
Yes/ No 
Yes/ No 
Text 

Marketing  Advertising 
Magazine & Newsletter  
Social Media appearance 

Yes/ No 
Yes/ No 
Yes/ No (+ Text) 

Quality  
assurance 

Identity check of the providers 
Data protection  
Liability insurance*  
Evaluation of the providers 
Transparency of the costs by using the platform  
Transparency of the costs of the intermediation offers 

Yes/ No (+ Text) 
Yes/ No (+ Text) 
Yes/ No 
Yes/ No 
Yes/ No 
Yes/ No 

Funding Issuing of certificates  
One-time listing fee for service providers  
Periodic basic fee for service providers 
Premium profiles with costs* 
Service fee that is charged at the hourly rate of the service 
provider* 
Sales commission on the sale of services & aids  
Affiliate commission through direct intermediation 
Revenue from the sale of data  
Own service based on generated data 
Own training offer & procurement of training offer  
Rental fees & sales commission for technical equipment  
Income from maintenance contracts for technical equipment  
Advertising income from advertised services & products  
Advertising cost subsidies from service providers  
Income from networking events  
Sales of products* 
Subsidies 

Yes/ No 
Yes/ No 
Yes/ No 
Yes/ No 
Yes/ No 
 
Yes/ No 
Yes/ No 
Yes/ No 
Yes/ No 
Yes/ No 
Yes/ No 
Yes/ No 
Yes/ No 
Yes/ No 
Yes/ No 
Yes/ No 
Yes/ No 

Special  
features 

Awards* 
Other 

Yes/ No 
Text 

* Deductively added criteria 
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alongside other intermediation services. Table II. presents the twelve platforms, which were 
selected for the competitor analysis to identify potential for improvement and thus to develop an 
optimised care platform. 
 

TABLE II. Overview of the selected care platforms 

 
Eleven of the twelve selected care portals are still very young and were only founded after 2015 
or between 2010 and 2015, which shows that the online care market is an emerging sector for 
which there has been a lot of interest recently. 
 
The information was mainly collected on the platforms themselves. For this purpose, the listed 
offer was examined and reviewed from the customer's perspective. In addition to the quality of 
the intermediation offer, other relevant information could also be obtained from the viewing of 
the portals, such as quality assurance through the performance of identity checks or data 
protection. Beyond that, press reports on the portals were examined, as well as social media 
presences in order to obtain more information. The characteristics of the analysis criteria were 
entered in an Excel-Spreadsheet, individually for each platform under consideration. Some 
criteria required a short qualitative explanatory text as a value for each platform, but most criteria 
only asked for confirmation of the criterion by entering "Yes" or negation of the criterion by 
entering "No". 
 
The completed resulting table enables a clear and quick comparison of all intermediation forums 
with one another, so that it is possible to quickly determine which features are regarded as 
important by the portals and which are neglected. Furthermore, it also enables the identification 
of weaknesses and strengths of individual and all platforms and thus, in a further step, a well-
founded deduction as to why it is that care platforms have been little used in society so far and 
which potentials arise for an innovative care platform. The development of potentials for an 
innovative care platform was completed by a literature research. 
 
 
 
 

Care Platform Overview 
Pflegeplattform24 On Pflegeplattform24 care workers, care staff, domestic helpers, childcare and 

animal sitters for the household can be found and contacted directly.  
Pflegix  Digital platform for the intermediation of private nursing, care and everyday 

helpers from the neighbourhood. 
Mitpflegeleben.de The service platform provides answers to questions on the topic of care. 

Mitpflegeleben is a portal that directly places the offers of service providers from 
the social economy to the region. 

Pflege.de Independent contact point for people in need of care and their relatives to support 
them in organising their life in old age. 

Pflegelotse Independent information portal that helps in the search for suitable care facilities 
or home care services. 

Sanubi Sanubi is an online market for care and incontinence products. 
Verband Pflegehilfe Verband Pflegehilfe informs and advises persons in need of care and places them 

to care providers. 
Pflegewegweiser NRW Support tool for people in need of care in North Rhine-Westphalia and their 

relatives, which refers them to advice centres, household-related services or 
contact offices. 

Pflegen-und-leben.de Anonymous consultation offer by psychological team explicitly for caring 
relatives. 

Check24 Profis Check24 is an internet portal to find suitable service providers when needed.  
Nebenan.de Nebenan.de helps neighbours to connect and help each other in real life. 
Bringliesel Digital shopping assistant that helps with the individual supply of daily 

necessities. 
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3. Findings of the Competitor Analysis 
 

 TABLE III. Most important Findings of the Competitor Analysis 
Criteria Findings 
General Information Percentage Value 
Definition of objectives 58% Making the care market transparent to enable people 

to live a self-determined life in their own homes 
42% Providing individual solutions for persons in need 

of care 
Target group 67% People in need 

67% Relatives of people in need 
33% Care service providers 

Focus 25% Care and support 
25% Care and care products 

App available 25% Yes 
Registration necessary 75% Yes 
Intermediation offer Percentage Value 
Intermediation of low-
threshold offers  

67% Yes 

Intermediation of professional 
offer – outpatient  

58% Yes 

Intermediation professional 
offer – stationary 

42% Yes 

Intermediation of care 
products  

25% Yes 

Intermediation of AAL 
products 

8% Yes 

Offer in addition to the 
intermediation 

Percentage Value 

Consulting 50% Yes 
Information material  75% Yes 
Care degree calculator* 8% Yes 
Marketing Percentage Value 
Social Media appearance 83% Yes 
Quality assurance Percentage Value 
Identity check of the providers 42% Yes 
Data protection 100% Yes 
Transparency of the costs by 
using the platform  

92% Yes 

Transparency of the costs of 
the intermediation offers 

33% Yes 

Funding Percentage Value 
Periodic basic fee for service 
providers  

17% Yes 

Premium profiles with costs* 17% Yes 
Service fee that is charged at 
the hourly rate of the service 
provider* 

8% Yes 

Sales commission on the sale 
of services & aids 

8% Yes 

Sales of products* 25% Yes 
Subsidies 58% Yes 
* Deductively added criteria 

 
Table III. shows the most important findings of the competitor analysis, arranged by categories 
and criteria. The percentage of care platforms holding the corresponding criterion is indicated. 
 
The analysis showed that for more than half of the platforms under consideration the goal is to 
help people to live self-determined lives for as long as possible by making the care market as 
transparent as possible for them. 67% of the target groups are people in need of care and their 
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relatives. Low-threshold services were identified as the most frequently offered intermediation 
service, with two thirds of all platforms offering this service. It was also noticeable that all 
platforms limited themselves to one or at most two intermediation services. The study showed 
that the intermediation of AAL products is still hardly practiced, only one of the platforms 
provides this feature. Additionally to the intermediation of care services, 50% of the platforms 
offer advice on care topics, other offers such as care level calculators or stress tests for relatives 
are only available in individual cases. 
The use of an app in addition to a website is offered by 25% of the portals, but most providers 
still do not offer this service. 
The examination of the platforms showed that the costs arising from the use of the portal are 
presented transparently in 92% of cases; only in one case is it not directly apparent to the user 
that the providers must pay a sales commission to the platform. In contrast, the costs of the 
intermediation offers can be viewed transparently on the website of 33% of the portals. 
 
4. Identification of Potentials for Care Platforms 
 
The results of the competitor analysis show the potentials for improvement of care platforms. 
Most platforms are focusing on quality, security, transparency and privacy. This is also in line 
with the mega-trend of the increasing need for security in Germany [10] and trust to the user is 
built up, which leads to increased customer loyalty [11]. A concentration of these focus areas is 
accordingly recommended. 
 
The analysis shows that the portals examined can cover only part of the needs of people in need 
of care. The potential here is to offer the whole range of products and services from a single 
source. As a full-service provider, there is the possibility for a care portal to establish itself as the 
market leader [12]. The findings of the competitor analysis show that the product range should 
thus include a bundling of care services, support services, schooling, consulting services, other 
services, such as food deliveries or hairdressers, as well as material offers, such as care aids, 
medication and AAL system components. There is still a lot of potential, especially in the area of 
consulting. This includes advice both in the area of procedures for caregiving relatives, for 
conversion measures for barrier-free living, for AAL systems and in the psychological area. 
Through artificial intelligence and machine learning it is now possible to carry out personalised 
counselling automatically [13, 14]. In the field of social media, consulting services can be 
provided via a YouTube channel. In this way, videos with expert tips can be regularly posted 
online. These have a wide reach and also strengthen customer loyalty [15]. 
 
The results of the competitor analysis revealed that only 25% of the portals investigated use their 
own app. An app is particularly interesting for relatives of people in need of care, as they can 
order services and products while on the move. Another potential lies in the connection of AAL 
systems to the platform and the app [16]. One conceivable scenario is the connection of a fall 
detection system in a patient's home to the platform. In the event of a fall, an alarm system 
transmits a signal to the platform, from where a service provider is instructed to come to the rescue 
and at the same time the relatives are informed via app about the fall and further procedures [17]. 
An app for service providers is also useful. They could use it to optimize their processes by means 
of a routing system and information management [18]. 
 
The range of online tools also offers technical potential. In addition to the familiar care level 
calculator and the stress test for relatives, further online tools could be offered. For example, 
online applications for health and nursing care insurance companies would be conceivable, which 
would be transmitted via a direct connection. Provided that data protection laws are observed, 
health data can also be transmitted to the desired parties, such as doctors. Ideally, the data is 
already recorded by connected AAL systems or by wearables on site. An automated analysis of 
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the data could also be used to determine the needs of the user, in order to meet the individual 
wishes of the user [16]. 
 
67% of the portals examined have people in need of care as a target group. A further potential 
therefore lies in the design optimization of the care platform. A highly intuitive handling as well 
as the possibility to set larger fonts make the design more target group oriented [19]. 
 
5. Conclusion and Forecast 
 
The platforms examined provide many particularly individualized offers, but each of them covers 
only part of the needs of people in need of long-term care. There is therefore great potential for 
an innovative care platform in the bundling of different services and products in order to meet the 
overall needs of the users. To this end, an innovative care platform uses the latest technology to 
precisely determine the need and generate tailor-made offers. An important part of the 
communication with the user is the consulting service, which convinces the user of the platform. 
The connection to AAL systems, health insurance companies and physicians enables fast reaction 
times in alarm situations and simplifies the process landscape in the care sector. Data is collected 
in real time from systems and wearables connected to the platform and analysed with artificial 
intelligence to provide better services. 
 
6. References 
 
[1] Ebbinghaus B: Demografische Alterung und Reformen der Alterssicherung in Europa, - 
Probleme der ökonomischen, sozialen und politischen Nachhaltigkeit in Kölner Zeitschrift für 
Soziologie und Sozialpsychologie, 67, (S1), pp. 325–348, (2015) 
 
[2] Nowossadeck S.: Demografischer Wandel, Pflegebedürftige und der künftige Bedarf an 
Pflegekräften. Eine Übersicht. in Bundesgesundheitsblatt Gesundheitsforschung 
Gesundheitsschutz, 56, (8), pp. 1040–1047, (2013) 
 
[3] Jacobs K., Kuhlmey A., Greß S.: Mehr Personal in der Langzeitpflege - aber woher?, Pflege-
Report 2019, Berlin: Springer Verlag, p. 12, (2020) 
 
[4] Cedillo P., Sanchez C., Campos K., Bermeo A.: A Systematic Literature Review on Devices 
and Systems for Ambient Assisted Living: Solutions and Trends from Different User 
Perspectives., in International Conference on eDemocracy & eGovernment (ICEDEG), Ambato, 
p. 59-66, (2018) 
 
[5] Fuchsberger V.: Ambient assisted living. In: Artur Lugmayr, Thomas Risse, Bjorn 
Stockleben, Juha Kaario und Kari Laurila (Ed.): Ambient assisted living: elderly people's needs 
and how to face them, in SAME '08: Proceeding of the 1st ACM international workshop. New 
York: ACM Press, p. 21, (2008) 
 
[6] Kotler P., Keller K., Brady M., Goodman M., Hansen T.: Marketing management, 1st 
Edition, Pearson Prentice Hall, pp. 154 ff, (2009) 
 
[7] Greene C.: Entrepreneurship: ideas in action, Cenagage Learning, (2011) 
 
[8] Fleisher S., Bensoussan B., Babette E.: Business and competitive analysis. Effective 
application of new and classic methods, NJ: Financial Times Press, (2007)  
 
[9] Volkmann C., Tokarski K., Grünhagen M.: Entrepreneurship in a european perspective, 
Wiesbaden: Gabler, (2010) 

159



 
[10] Seitz, J.: Sicherheit – ein Megatrend. Zukunftsinstitut. Online: 
https://www.zukunftsinstitut.de/artikel/sicherheit-ein-megatrend/, last checked 27.05.2020, 
(2015) 
 
[11] Hildebrand, V. G.: Kundenbindung mit Online Marketing. in Link, J. (Ed.): 
Wettbewerbsvorteile durch Online Marketing. Die strategischen Perspektiven elektronischer 
Märkte. Berlin, Heidelberg: Springer Verlag, pp. 53–73, (1998) 
 
[12] Schröder, H.: Handelsmarketing. Strategien und Instrumente für den stationären 
Einzelhandel und für Online-Shops; mit Praxisbeispielen. 2. Ed. Wiesbaden: Springer/Gabler, 
pp. (2012) 
 
[13] Heinemann, G.: Der neue Online-Handel. Geschäftsmodelle, Geschäftssysteme und 
Benchmarks im E-Commerce. 11th ed. 2020, pp. 28-30, (2020) 
 
[14] Waag, P., Schiffhauer, B., Seelmeyer, U.: Chatbots in der Beratung in Ernst, G., Zühlke-
Robinet K., Finking, G., Bach, U. (Ed.): Digitale Transformation: Nomos Verlagsgesellschaft 
mbH & Co. KG, S. 181–192, (2020) 
 
[15] Hilker, C.: Social Media für Unternehmer. Wie man Xing, Twitter, YouTube und Co. 
erfolgreich im Business einsetzt. 1. Ed. Wien: Linde Verlag, pp. 42-43 (2012) 
 
[16] Kunze, C., Saurer, B., R., Röll, N., et al.: Umfassende Unterstützung pflegender 
Angehöriger durch die im regionalen Service Netzwerk verankerte easyCare Plattform. in 
Gersch, M., Liesenfeld, J. (Ed.): AAL- und E-Health-Geschäftsmodelle. Wiesbaden: Gabler 
Verlag, S. 111–144, (2012) 
 
[17] Bleja J., Großmann U., Langer H., „A collaborative system business model for ambient 
assisted living systems”, in The crossing point of intelligent data acquisition & advanced 
computing systems and east & west scientists: IDAACS-SWS 2018: proceedings of the 2018 
IEEE 4th International Symposium in Wireless Systems within the International Conferences on 
Intelligent Data Acquisition and Advanced Computing Systems (IDAACS-SWS) Lviv, 
9/20/2018 - 9/21/2018. IEEE, IEEE IDAACS-SWS, Ed. Piscataway, NJ: IEEE, pp. 78 – 81, 
(2018) 
 
[18] Stone, M., Knapper, J. Evans, G., Aravopoulou, E.: Information management in the smart 
city. in Bottom Line 31 (3/4), S. 234–249, (2018) 
 
[19] Digmayer, C., Jakobs, E.-M.: Innovationsplattformen für Ältere. in Marx, K. und Schwarz-
Friesel, M. (Ed.): Sprache und Kommunikation im technischen Zeitalter. Wieviel Internet 
(v)erträgt unsere Gesellschaft? Berlin: De Gruyter Saur, pp. 143–164, (2013) 
 

160



VIRTUAL AND AUGMENTED REALITY TECHNOLOGIES: 
POSSIBILITIES OF APPLICATION IN INTERNATIONAL 

UNIVERSITY OF INFORMATION TECHNOLOGIES 
 

Aida Tashtamysheva 
 

Tashtamysheva@gmail.com 
1st year Master student of “Project Management” 

International University of Information Technologies 
Kazakhstan, Almaty city, st. Manas 34/1 

 
Abstract: The goal of the project is to study the prospects for the latest technologies of 
augmented and virtual reality in the field of innovative development of educational services of 
higher education. The relevance of the problem is due to the rapid development and 
implementation of information and communication technologies in various areas of social 
activity, including in the educational sphere due to objective reasons and subjective preferences 
of new generations of students. The research objectives include: 1) identifying the current state 
of the introduction of mixed reality technologies in the field of higher education in domestic and 
foreign practice; 2) determining the attitude of teachers to the use of the latest virtual 
technologies in the educational process; 3) presentation of practical results in the studied area. 
Methodology and research technique. To achieve the goal of the study, a method of sociological 
research is used, which consists in collecting and obtaining primary empirical information 
about certain opinions, knowledge and social facts, as well as methods of situational analysis. 
Conclusions are based on the principles of determinism; the survey results are made using the 
methods of sociological research. Results. The result of the study is a statement of the successful 
implementation of mixed reality technologies in the field of higher professional education, as 
well as the identification of the positive attitude of students of the International University of 
Information Technologies to the use of the latest augmented and virtual reality technologies in 
the educational process. Findings. Augmented and virtual reality technologies have positive 
results and further prospects for the introduction of domestic and foreign higher education. This 
process is interdependent in nature: on the one hand, teachers are ready to use the latest 
technologies to more effectively ensure communication between a teacher and student, and have 
already successfully used similar educational technologies in their work; on the other hand, 
students are interested in novelties in training and are developing AR and VR technology 
projects for various specialties themselves. 
 
Keywords: higher professional education, educational technologies, augmented and virtual 
reality technologies, innovative education, educational programs, new technologies, 
innovations. 
 
1. Introduction 
 
The processes of socialization, education and professional activity in a post-industrial society 
are accompanied by an unprecedentedly rapidly changing information infrastructure in everyday 
and business life. Actual phenomena of modern society are continuous learning of new 
knowledge, the existence of a person in various areas of the communication process, which 
requires permanent mastery of the skills of new communication formats at all levels. For 
example, relatively recently, the concepts of “virtual reality” and “augmented reality” in the 
minds of most people have been associated with something from the field of science fiction. 
Today, these technologies are being actively introduced not only in the field of leisure and 
entertainment, but also find application in science, technology, design, medicine, education, 
mass media, and in various areas of business. 

161



In an era of extremely rapid technological development, virtual reality is also beginning to 
rapidly modernize. In 2010, the founder of «id Software», J. Carmack, decided to combine his 
efforts with L. Palmer, who developed the first «Oculus Rift» virtual reality glasses. The 
prototype of virtual reality glasses has become a real progress in the field of creating devices for 
virtual reality. Four years later, the developers presented the updated Oculus Rift virtual reality 
glasses with a higher resolution, built-in removable headphones and the ability to track turns up 
to 360º.  
 
Virtual space today is the main communication field for different target groups, and especially 
for young people. How Herron described, the rapid growth in popularity of virtual and 
augmented reality allows, for example, marketing specialists to use new opportunities in the 
integrated marketing communications system [1]. The demonstration of products and services 
through techniques and methods of virtual and augmented reality is an effective communication 
mechanism in different markets. The uniqueness and simplicity of using AR and VR 
technologies, the vivid and emotional imagery of the virtual field provide attention-grabbing 
and consumer interest in the product/service. 
 
According to Kelly D., Hoang T.N., the speed of development of virtual forms of 
communication determines a certain degree of lack of scientific understanding of the indicated 
phenomena and processes [2]. The activities of the relatively recently established “Association 
of Augmented and Virtual Reality (AVRA)”, within the framework of which regular thematic 
conferences are held, projects and innovations are discussed, grants are distributed, are 
nevertheless mostly applied. That is why scientific studies of new communication technologies 
are of undoubted relevance. 
 
Formulation of the problem. The educational services sector is one of the promising and popular 
areas of development and application of virtual and augmented reality technologies. In modern 
practice of secondary and higher education, there are already many examples of the application 
of AR and VR reality technologies in foreign and domestic practice – from virtual tours at 
school history lessons to training professional competencies of specialists of different levels and 
profiles using virtual simulation. Recent government documents in this area and the reality of 
the information society dictate an ever-increasing degree of speed of implementation and 
professional development of the latest information and communication technologies. In this 
regard, this study aims to identify the degree of relevance, as well as determining the situational 
level of the introduction of virtual technologies in the educational activities of Kazakhstani 
universities. The objectives of the article include: 

1) analysis of the current state of implementation of mixed reality technologies in the field 
of higher education in domestic and foreign practice and the conditionality of this 
process; 

2) revealing the attitude of teachers towards the implementation of mixed reality 
technologies in the educational process. 
 

Relevance. In this regard, the further introduction of virtual forms in the sphere of the 
educational process of higher education is very relevant, as this allows higher education 
institutions to communicate in the same language with target audiences – with schoolchildren, 
applicants, students, with other groups of young people seeking to receive additional or second 
degree. The implementation of virtual and augmented reality technologies in the field of 
educational services has many advantages, here are some of them: full involvement in the 
process and focus on the subject due to the complete immersion in the zone of interest at 360º, 
as well as due to the game and interactive nature of communication; unlimited visibility, that is, 
a demonstration of the subject with any degree of detail; safety of training virtual models when 
teaching specialties associated with risk to life and health. 
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Novelty. Speaking about the novelty, it is also worth noting that increasing the effectiveness of 
training using virtual reality technologies is due to the fact that classes using modern 
technologies are of great interest, resulting in an increase in educational motivation and student 
activity. All reports on the implementation of various training programs based on virtual reality 
technologies report an increased interest of students in this form of training and the enthusiasm 
with which they prepare for each lesson, studying theoretical material, which they can then 
work out in a virtual environment. 
 
Reality. According to experts, the education system will spend about five years for the purchase 
and commissioning of 8 million virtual and augmented reality devices. At the first stage, virtual 
and augmented reality systems will be popular primarily in schools, then higher education 
institutions will be widely interested in these technologies. The processes of introducing AR and 
VR technologies into the sphere of educational services of higher education are at the initial 
stage, however, there are already examples of successful implementation of the state program 
Digital Kazakhstan. According to this program, approved by the Government of the Republic of 
Kazakhstan, in March 2019, a school laboratory of virtual reality, NURlab, was created in Nur-
Sultan [3]. The corresponding platform will provide specialists with the following opportunities: 
acquisition of knowledge and skills in working with complex equipment, laboratory and 
hazardous work; gaining knowledge about reducing the likelihood of emergencies; gaining 
experience in eliminating errors and restoring normal working conditions in the event of an 
emergency. By 2025, the experience of creating an innovative laboratory to study the exact 
sciences using augmented reality technologies is supposed to be extended to all schools in 
Kazakhstan. According to experts, the quality of staff training will increase; including the 
number of errors during operations by 2025 will decrease by 40% [4]. 
 
Methodology and research technique. To determine the prospects for the application of 
augmented and virtual reality technologies in the field of education, a method of sociological 
research is used, which consists in collecting and obtaining primary empirical information about 
certain opinions, knowledge and social facts, as well as methods of situational analysis. During 
the expert interview, high-quality methods of sociological research are used. 
 
Results. Mixed reality technologies in recent years have acquired the character of high demand 
in the field of education. Virtual reality modeling projects are actively being introduced into the 
educational process in foreign and domestic higher education. J. Herron notes that augmented 
reality is becoming increasingly well-known and gaining momentum in medical education 
through Google Glass and Microsoft’s HoloLens [1]. “Augmented reality can not only assist in 
the education of students, but can also affect patient care due to its ability to improve medical 
training.” The authors describe projection mapping technology in an augmented reality model 
that allows real-time skeletal and muscle movements of the human body to be displayed [5].  
 
2. Technologies of Virtual and Augmented Reality in the Education of the Republic of 

Kazakhstan 
 
AR and VR technologies facilitate learning at schools and universities; make it more 
understandable, simple and interesting. They allow simulating complex processes and 
explaining abstract concepts that are impossible to see with the human eye and hard to imagine. 
For example, photosynthesis, metabolism in the body, the work of internal organs, radioactive 
radiation. 
 
Researchers from the University of Maryland claim that people better remember information 
obtained using VR technology. They conducted an experiment: one group of participants 
studied the visual layout of the palace room and the medieval city on a regular computer, and 
the other using VR devices. Then, both groups were briefly shown images of famous 
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personalities, Abraham Lincoln, the Dalai Lama, Arnold Schwarzenegger and Marilyn Monroe, 
in these layouts and asked to indicate where each image was located. According to researchers, 
those who studied information using VR remembered it better in 8.8% of cases. 
 
In addition, in virtual or augmented reality, it is not scary to make mistakes and correct them, 
which is especially important in the training of doctors, soldiers, pilots – after all, human life 
can be the price of their mistakes. 
 
In 2019, following the world trends in Nur-Sultan, a school laboratory of virtual reality, 
“NURlab”, was created at school-lyceum No. 73. The Bolashak Association, together with the 
STEM Academia team of “Bolashak” students, has proposed introducing a unique innovative 
project of the NURLab Augmented/Virtual (AR, VR) reality laboratory in every school in the 
country. 
 
The NURLab project is designed for AR, VR-technologies in educational institutions. In 
schools, subjects such as physics, mathematics, and chemistry should be taught in the light of 
new technologies. The technologies presented in the laboratory enable the child to visualize 
what he is doing on objects. 
 
The first technology is virtual reality, means that by putting on glasses enables be in some other 
space. The next technology is Zspace, and it is unique because it combines virtual and 
augmented reality. For instance, considering the motor, it means disassembling it, and where it 
does not working-repairing it. That is, this technology enables the child to visualize what he is 
passing on objects. In the first laboratory created, one device with Zspace technology is 
presented, as well as 12 points with VR technologies. 
 
Also, an electronic virtual reality textbook has been launched in Kazakhstan to study practical 
and laboratory work in physics and chemistry. An electronic virtual reality textbook for 
studying practical and laboratory work in physics and chemistry is intended for use by teachers 
in physics and chemistry classes, as well as students to demonstrate lessons and perform 
laboratory work using computers, tablets and virtual glasses. The electronic laboratory is made 
on the basis of a yurt; it has the ability to zoom in and out to select a convenient camera angle. 
The electronic virtual reality textbook is developed in 3D format and supports Russian, English, 
Kazakh (Cyrillic, Latin) languages. In virtual glasses, there is the possibility of interacting with 
objects using controllers, for a detailed study of the object and the implementation of laboratory 
work. The electronic textbook contains a series of lessons in physics: 60 demonstration lessons 
and 30 laboratory works. An electronic virtual reality textbook for studying practical and 
laboratory work in physics for tablets requires minimal characteristics: a processor frequency of 
1.8 GHz, 2 GB of RAM and an Android 5.1 operating system or higher. An electronic virtual 
reality textbook for studying practical and laboratory work in physics for virtual glasses requires 
minimum characteristics. QART Innovators released a children’s book with augmented reality 
in the Kazakh language “Alippe.” With the help of virtual characters, such as the lion of 
Arystan, children are learning the Kazakh alphabet in Latin. It is enough to point the camera of 
the tablet or smartphone to the markers located in the book, as the pictures – 3D objects and 3D 
characters – come to life. QART Innovators has released a book on anatomy for first-year 
students at a medical college, thanks to which it is possible to study the structure of all organs of 
the human body in a 3D model. In addition to education and medicine, technologies are in 
demand in construction and industry. Books are published in three languages – Kazakh, Russian 
and English. 
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3. The implementation Process at JSC "International University of Information 
Technology 

 
A survey was conducted in order to study the experience of using AR & VR technologies and 
their impact on processes at the International IT University. Questions about the application of 
new technologies were compiled taking into account the results of research [Trachuk A.V., 
Linder N.V., 2016; 2017a; Trachuk A., Linder N., 2017]. The informants were defined among 
friends and acquaintances, among members of communities dedicated to augmented and virtual 
reality technologies, on social networks (Instagram, Whatsapp). The survey was involved 60 
people, and the respondents were representatives of both sexes – 25 men and 35 women, mainly 
under the age of 25 years (85.8%). Areas of professional activity: education, IT, marketing, 
public service, medicine, finance, logistics, electricity, journalism. Among informants, 
respondents were selected who: 

• have experience using virtual or augmented reality technologies in their lives; 
• know examples of such use in other industries; 
• work for a company planning to implement solutions in the field of augmented or 

virtual reality in the near future; 
• are directly interested in the development and implementation of these technologies at 

our university. 
 
Respondents were asked to take the survey using the Survey Monkey online application. The 
questions were structured and unstructured. Closed questions require a choice of answers from 
the list, may be dichotomous (yes/no) or multiple choice, that is, provide more than two 
answers. Open-ended, unstructured questions were used to determine how people are aware of 
the current educational problem. This research method was chosen because the survey allows 
strictly following the intended research plan; the question-answer procedure is strictly regulated. 
Using the survey method, it is possible to obtain a high level of mass research with the least 
cost. A feature of this method can be called its anonymity. 
 
In addition, a virtual interview was conducted to learn more about people’s opinions on the use 
of virtual and augmented reality technologies. The choice of interview format was due to the 
impossibility of holding face-to-face meetings and conversations with respondents due to 
various circumstances. 
 
Questions were grouped into three blocks: 

• general block – questions in order to learn more about the respondent; 
• introductory block – questions in order to find out the respondent’s degree of 

knowledge about technologies; 
• special unit – questions directly related to the subject of the study. The last two blocks 

contained questions, answering which it was necessary to choose one of several options 
or give a detailed answer. 

 
In case the answer was too extensive, a discussion of the answers was used at the third stage in 
order to supplement and clarify them. Communication with respondents was carried out through 
voice or text chat in instant messengers (Facebook, Telegram, WhatsApp, Instagram). 
 
Particular attention was paid to the discussion of the following issues: 

• What the potential for using augmented and virtual reality technologies at the 
International University of Information Technologies (the positive effect of their use)? 

• What risks could appear when using these technologies? 
• What factors impede the introduction of augmented and virtual reality technologies in 

Kazakhstani universities? What problems could appear? 
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• What does the augmented and virtual reality technology market expect in the next 5 
years? 
 

4. Results and Conclusion 
 
Almost all respondents were students of the International University of Information 
Technology. This group of categories was chosen in order to accurately understand whether it is 
worth introducing a system of innovations, namely virtual and augmented reality technologies 
at IT University. A larger number of respondents (33.33%) are second-year bachelor students, 
while fewer answers (1.67%) are for undergraduate students. The following question “Do you 
know about VR&AR Technologies?” was asked for determining how well students aware of the 
latest technology. Do they know, in general terms, what the technologies of virtual and 
augmented reality mean? Mostly, statistics show that the majority of students surveyed 
(71.67%) were know at least some information about these technologies, 14 respondents “heard, 
but are not familiar,” and only 3 people were never heard of new trends in education The third 
question “Have you encountered such technologies in your life?” was clearly posed for 
determining the students who have already encountered virtual and augmented reality 
technologies in their lives. As a result of the data obtained, it can be concluded that 34 
respondents have already used or applied these technologies in their industries, possibly at work 
or for educational purposes. Within the framework of IT University, a lot of scientific 
conferences were held to study the latest innovations in the field of education, and it is clear to 
assume that students could get acquainted with the prototypes of VR AR technologies there. 
The fourth question “Do you want to implement VR&AR technologies at your education 
system?” was asked for detecting whether it is necessary to implement virtual and augmented 
reality technologies at the International University of Information Technologies. Therefore, 
from the above data, it can be noted that current youth seeks to discover new trends in 
education, and they want to get a new format of virtual and remote access to education systems 
and resources. In the fifth question, respondents were got the opportunity to describe in detail 
their thoughts about virtual and augmented reality technologies. During the survey, unstructured 
questions were created, where students entered their answers by themselves, and during the 
study the following results were obtained (punctuation and spelling are saved): 

• The use of these technologies causes great motivation and activity among students. 
Students can develop their cognitive mechanisms, creative thinking, these technologies 
have allowed to provide the maximum learning effect. 

• It seems to me that technology should be added. 
• Everything will be much more interesting, more productive. 
• Yes, of course. Very strong. 
• This visual presentation of the material, which takes place in pairs and lessons, is 

perfectly fixed. 
• Of course. 
• Simplify life and save time. 
• Our education system will not change anything. If you want to change it, change 

yourself, then professors, then minister. Technology has long passed schools. 
• It depends on the person, firstly, how the teacher will use these technologies correctly 

and how students and schoolchildren will perceive them. In many ways, it will be useful 
for laboratory work and practical work. 

• There will be more experienced graduates. 
• Will attract students’ interest in the educational process. 
• Technologies will make education even more fun, will provide many new opportunities 

for learning, the main thing is to have a desire to learn and be educated, since it is not 
necessary to have all these technologies, but given how IT Co. is developing rapidly, 
the whole world will be integrated into new formats – this is inevitable. 
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• Teachers will still be needed, although over the next decades they will have to look for 
new approaches to their work. 

• It will be easier to solve spatial problems. 
• To the most beautiful and inevitable side, this is the future. 

 
According to the information that were received, it is clearly seen that the introduction of virtual 
and augmented reality technologies will become something new, a key to knowledge and a new 
method of education at IT University. Basically, 95% of the students surveyed expressed a 
desire to see these innovations within the walls of IT University. 
 
Further, by conducting the interview, the following data were received, which accurately 
determined the importance of implementing these technologies. In general, the majority of 
respondents are optimistic about technologies (positive characteristics accounted for 71%). 
From an emotional point of view, the experience of use is described as “useful”, “necessary”, 
“changing the idea of the future”, “exciting”, “effective”, “effective”, “interesting”, “having 
potential”, “without prospects for further application in the near future, “generally entertaining, 
but unrealizable”, “not justifying the costs.” The activities of the three respondents were directly 
related to the development of software (content). 
 
Two respondents weren’t deal with augmented and virtual reality in their studies or work, but 
five of them were saw the potential of technology in the field of education, they believed that 
augmented technologies can be useful when training in specialized programs. Eight people were 
believed that IT university is ready to implement these technologies today, and they also noted a 
high potential for application in the near future. Two people were doubt the development of 
Kazakhstani education in the near future, explaining this by the unfavorable institutional 
environment and the lack of necessary infrastructure. The most optimistic forecasts were given 
by respondents working in large IT companies. 
 
The examples mainly described cases of modeling situations in learning in virtual reality; 
augmented reality technologies were mainly used to optimize production processes and 
visualize information. 
 
Here are a few examples: 

• “They conducted an experimental astronomy lesson among students of the 4th grade, 
showed a film in 360° format, telling about cosmic bodies and phenomena. The guys 
were delighted, very interested in the topic. They bought glasses for smartphones, on 
average they cost 5,000 KZT, and almost all the guys have smartphones anyway. By 
conducting such lessons more often, and it’s very convenient and interesting, especially 
in the study of natural sciences, the main thing is that the films be released.” 

• “Reducing training time, increasing their effectiveness due to the visibility and 
interactivity of information, greater involvement of participants in the process.” 

 
Furthermore, due to the answers of the respondents, it was possible to find out what are the 
benefits of using augmented and virtual reality technologies in the field of education. Based on 
the data obtained, it is clearly to decide improve education system at the International 
University of Information Technology. 
 
Today, virtual reality within the walls of IT University is a rapidly developing computer 
technology. Advances in microprocessors, data communications, tools for human-machine 
interaction, and the collection of environmental information have led to the emergence of very 
realistic virtual worlds. At IT University, today’s computers are capable of creating a living 
virtual environment for students, with which they will interact with a wide range of specialized 
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input/output devices – headphones, a microphone, computer glasses, specialized gloves and 
suits for transmitting tactile interaction, etc. Virtual technologies realities will make learning 
more visual; will enable trainees to be activated, to fully engage them in the learning process. 
These technologies will facilitate and simplify the collaboration of people who are at a distance. 
For example, some students will be able to study remotely, be able to meet with their project 
colleagues using augmented reality tools, prepare joint documents, lead projects and perform 
many other works almost as effectively as they do in person in the real world. Teachers and 
students will have the opportunity to use virtual laboratories to study the world around them, 
develop skills, as well as to demonstrate their development and automated assessment. 
 
VR and AR technologies are quite versatile and can be used to solve a variety of problems. 
Below in detail the method was described, the sequence of application of these technologies in 
higher education. 
 

1. Organization of teamwork. The virtual reality helmet makes it possible to conduct video 
conferencing, which is more realistic than a regular web conferencing, more like a 
telephone conversation. 

2. AR technology allows participants to feel each other really close together. Such “virtual 
meetings” can be widely used for training under the academic mobility program. 

3. The study of natural sciences. Virtual reality glasses allow students to be in scientific 
laboratories, observe and conduct realistic virtual experiments, interact with macro and 
micro objects, travel to the world of mathematical objects, etc. [6]. 

4. The study of humanities. Trainees get the opportunity to visit museums, and places of 
historical events, communicate with virtual models of historical personalities, 
reconstruct past events, etc. [6]. 

5. Educational games. Games in virtual reality allow students not only to interact with 
various objects, but also to create them, to create a virtual world that lives by the rules 
developed by them [6]. 

6. Three-dimensional design. Virtual reality provides natural tools for designing three-
dimensional objects. 

7. The formation of skills. Models in virtual reality give students the opportunity to safely 
and without fear of possible mistakes to form such skills, the development of which is 
fraught with dangers in real conditions or faces other restrictions (accessibility of 
equipment, high cost of work, danger to other people, etc.) [6]. 

 
In addition, using of virtual and augmented reality technologies in schools and universities will 
improve the current education system in the Republic of Kazakhstan. Among the products 
offered here are: 

• MR Builder, which helps construction, architectural, design companies effectively 
present and discuss 3D models of objects (industrial and civil buildings, landscapes, 
interiors, etc.) [7]; 

• HoloStudy, an educational application for Microsoft HoloLens, which includes MR 
lessons where the studied objects and phenomena are presented in the form of 3D 
holograms in the space next to the student [7]. 

 
In conclusion, this work allows to talk about a high degree of relevance in the field of higher 
education for the use of the latest technologies of augmented and virtual reality, as well as to 
state a fairly active process of introducing virtual education technologies in Kazakhstan and 
foreign higher education institutions. Due to the unprecedented speed of development and 
implementation of information and communication technologies in all spheres of human 
activity, domestic universities are actively introducing the latest teaching formats that not only 
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improve the quality of education, but also increase the competitiveness of Kazakhstani 
universities in the global educational market. 
 
The process of introducing new training formats is not only relevant but also interdependent. On 
the one hand, students are interested in any technological innovations in teaching, and as part of 
their scientific work, they independently develop proposals and projects to improve the 
effectiveness of teacher-student communication systems. On the other hand, teachers are well 
aware of the latest virtual technologies, use online systems in their work and are ready for the 
further implementation of relevant information and communication technologies in the 
educational process of higher educational institutions. It can be argued that AR and VR-reality 
technologies, being actively modernized every day, have huge development potential and 
further prospects in the field of higher professional education. 
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Abstract: Implementing cloud-based solutions in the IoT industry allows for a whole new set of 
features like big-data analysis and machine learning. All of which is based on computational 
power and data acquisition using a distributed network of sensors and computational nodes. This 
article briefly describes how this approach may be used for air quality monitoring and what 
enhancements to this approach may provide. 
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1. Introduction 
 
As the IoT industry grows devices like temperature, humidity, lock state sensors become 
available. Most of them are either standalone, operating over a wireless connection with a mobile 
device, or centralized, that is, controlled by a local server. These devices are usually set up to 
perform a specific action when sensor data reach a certain point or range. Said devices rarely 
collect and store measured values for a long time, other than to show it on a graphical user 
interface for informational purposes only. Instead, uploading said data to Web Services, storing, 
and processing it altogether may give a more general picture on the state of microclimate within 
the area. If we were to take this approach further, then we would be able to predict the future 
changes of those values. 
 
During the development of a new study program related to the development of ecological devices 
and systems, a question about optimal architecture for the environment monitoring system was 
brought up. Although the simplest solution would be to show the students how to implement these 
systems based on dedicated servers, it would cost greatly compared to cloud-based 
implementation. Related research [1][2] shows, that virtualization and cloud technologies greatly 
decrease capital costs. The fact that Amazon offers some services on a free tier basis to new clients 
[3] makes it a great choice for education. As a reference project, we’ve decided to make an open-
source design [4-5] for a fleet of devices that would measure the levels of surrounding air 
pollution and send that data to the cloud for later processing. 
 
2. Air Pollution Measurement 
 
To calculate the Common Air Quality Index (CAQI), developed by an EU-supported project 
CiteairII [6], we need particulate matter concentration, as well as the concentration of gases like 
NO2, CO, O3, and SO2. Particulate matter (PM) (also can be called aerosol) is a microscopic and 
solid matter suspended in the atmosphere. The particular interest presents the types of PM that 
can be inhaled. It usually consists of coarse particles with a diameter of 2.5 … 10 μm (PM10) and 
fine particles with a diameter of 2.5 μm or less (PM2.5). PM2.5 consists of ultrafine particles and 
soot, but such classification is irrelevant when reviewing PM impact on the health of the general 
population since PM2.5 appears to be one of the most dangerous forms of air pollution. [7] It may 
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cause cancer and other respiratory-related diseases. [8] Hence, levels of PM10 and PM2.5 must 
be monitored to alert the population about hazardous levels of air pollution. From PM10 and 
PM2.5 concentration, the air pollution level is computed. To measure those values agencies 
around Europe, install expensive high-end units that gather meteorological data and air pollution 
levels. Using gathered data, it is possible to issue air pollution alerts in large areas. Increasing the 
number of these meteorological units would provide useful data, that could tell the specific source 
of air pollution. But considering the price, this is not feasible. On the other hand, this idea would 
be easy to implement in real life if measurement devices were cheap and installed in clusters 
around cities and production areas. Hence, to efficiently determine CAQI and the sources of 
pollution we would need a cluster of cheap air-pollution sensors installed around a large territory 
and a Cloud-based software that would store the data from sensors, present it in a user-friendly 
way and derive alerts/predictions based upon it. 
 
CAQI considers several gases that pollute the air, however, all of these gases are produced due to 
fuel combustion and often correlate with PM concentration, as evident from [9]. Hence, dangerous 
levels of these gases may as well be estimated from particulate matter emissions. 
Given all that was said above, the most cost-effective way to determine air pollution and alert the 
general population about it is to measure the particulate matter concentrations, PM10, and PM2.5 
in particular. 
 
CAQI has two types of indices: 

• Roadside Index – pollution levels adjusted for car roads. 
• Background Index – pollution levels adjusted for background area (fields, etc.). 

 
The main difference between them is that the Background Index takes into account O3 and SO2 
concentration levels. CAQI is calculated using a predefined table. Since we only measure 
particulate matter pollutants, we may adjust the table to reflect air quality using those values, as 
shown in Table 1. Because of that, Roadside Index and Background Index will be the same, which 
eliminates the need to discern them. 
 

TABLE I. Common Air Quality Index Calculation Grid 

Index Class Value 
PM10, μgm −3 PM2.5, μgm−3 

1 hour  24 hours 1 hour  24 hours 

Very High >100 >180 >100 >110 >60 

High 100 … 75 180 … 90 100 … 50 110 … 55 60 … 30 

Medium  50…75   50 …90 30… 50  30 … 55 20… 30  

Low 25… 50  25 … 50 15 … 30 15 … 30 10… 20  

Very Low 0 … 25 0 … 25 0 … 15 0 … 15 0 … 10 
 
3. Hardware Considerations 
 
Designing a low-cost solution that would collect important values like particulate matter 
concentration, humidity, temperature, and air pressure is an integral part of this project. The 
modern electronics industry offers a wide variety of cheap and low-power components that may 
be used to implement the device necessary for this paper. As mentioned earlier, PM2.5 and PM10 
are primarily used to determine the air pollution level. Hence, the core sensor of the device should 
be a cheap particulate matter sensor that ideally would have a high mean time to failure value and 
maximum error modulus under 20%. Extensive research [10] was already performed into 
inexpensive PM sensors. According to that research and the task at hand, the most fitting sensors 
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would be the PLANTOWER PMS7003. Operating conditions and parameters of the sensor are 
shown in Table 2. 
 

TABLE II. PMS7003 Operating Conditions and Parameters 
Parameter Value Units 

PM Diameter 0.3 … 1.0; 1.0 … 2.5; 2.5 … 10 μm 

Effective range 0 … 500 μgm−3 

Maximum consistency error ± 15 % 

Power supply voltage 5 V 

Interface level (UART) 3.3 V 

Operating temperature -10 … 60 °C 

Operating humidity 0 … 99 % 

Storage temperature -40 … 80 °C 
 

This sensor has some drawbacks that require attention when using this sensor, in particular: 
• It cannot withstand prolonged exposure to air pollution levels higher than 300 μgm−3. 
• It starts giving unreliable data when operating in high humidity. 
• Consistency error depends on the ambient temperature. 

 
To address those issues, supplementary sensors are required, such as a temperature sensor, air 
humidity sensors, and air pressure sensor. The data from those sensors will not only be useful 
for enhanced air pollution level measurement but may also be collected by the cloud for later 
use in prediction algorithms. 
 
As a humidity and temperature sensor, we select the DHT22 (also known as AM2302). It sends 
a calibrated humidity and temperature values over a single wire interface. 
 
As an air pressure sensor, we select the BMP180 sensor. It features an additional temperature 
sensor. This may later be used to improve the stability and precision of the temperature value 
sent to the cloud. The sensor operates through an easy-to-use I2C interface. 
 
Now that we know which sensors we’ll use in the Air Pollution Sensor, we may select a Wi-Fi 
capable microcontroller. It would have to feature a hardware I2C, UART, and six additional 
GPIO pins to properly control the PMS7003 sensor, DHT22. The remaining three pins are 
reserved for improving the protection system later on. The ESP8266 microcontroller meets such 
requirements. 
 
Seeing as others [11] have had success in employing ESP8266 in cloud solutions, we will use a 
WEMOS D1 development board. It features an ESP8266 microcontroller and a UART-to-
MicroUSB converter. This means that the board can be flashed through a common MicroUSB 
cable from any PC. We devised schematics for the Air Pollution Sensors using recommendations 
and specifications from datasheets for the selected sensors and components. In the schematics 
shown in Fig. 1 resistors R1 … R5 are used as pull-ups for digital signals. Capacitors C1 and C2 
have to be placed as close as possible to the sensors to filter out any noise within the power supply 
line. 
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Fig. 1. Schematics for the Air Pollution Sensor 

 
The components cost estimate is around 18.46 EUR, which meets the set budget criteria. 
A detailed list of functions the device has to perform is as follows: 

• An algorithm has to shut down and protect some of the sensors from extreme operating 
conditions (e.g. the PMS7003 sensor when the ambient temperature is below −10°C). 

• It has to take measurements of air pressure, temperature, and particulate matter 
concentration every minute. 

• Since there are two temperature sensors available, an algorithm has to fall back to an 
operational sensor, if one of them fails. Otherwise, both sensors may be used in 
temperature measurement to reduce the value error. 

• It has to be able to connect to several Wi-Fi Hotspots. The list of them will either have to 
be flashed with the firmware or made available through the cloud. 

• Every five minutes, the device has to connect to a Wi-Fi hotspot and send the collected 
data to the cloud. 

 
4. Cloud Infrastructure 
 
Many would consider a back-end based on a single server that would acquire all the data from the 
sensors cluster and process it. However, in applications where the number of IoT devices has to 
be over a few thousand, the scalability is paramount. 
 
Given the kind of system we’re designing, we would have to implement two APIs. One for the 
Air Pollution Sensors (private API) and another one for the clients that use the graphical user 
interface (public API). The private API would have to feature several endpoints that would: 

• Verify the authenticity of a device. 
• Store the collected data in a database. 
• Provide an API endpoint with useful weather data like wind speed for optimized sensor 

protection. 
• Provide a configuration for individual devices with parameters like sensor sampling 

period and data transmission period. 
 
The public API would have to provide the resulting analysis of the air pollution status as a map 
overlay. It is a good idea to implement it as a RESTful API. 
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Amazon Web Services provide customers with an interesting option to connect IoT devices 
through their cloud infrastructure. This service eliminates the need for designing a separate 
infrastructure with load-balancing, data processing, device authentication, and secure data 
transfer. [11] Although, an approach using conventional methods like REST API implemented 
using NodeJS would be portable, when using AWS for production purposes, it would be cheaper 
to implement AWS-specific solution. 
 
AWS IoT clients are called things. They may interface with the service via MQTT protocol. 
Things submit changes to their state or new measurements using messages, each message may 
have the size up to 5 KiB. To store a message from IoT service inside of a database, we would 
have to use one of the methods shown in Fig. 2. Assuming that a single device would take 
measurements every minute and either send them one by one every minute or in bulk every five 
minutes to the cloud, message handling costs would be as shown in Table 3. From the prices, it is 
evident that it is better to implement the second method. When using IoT Service, we would have 
to employ additional analytics to detect rogue sensors and remove them from the IoT Core, 
otherwise, an attack on one of the access endpoints would be costly. 
 

 
(a) 

 
(b) 

Fig. 2. Several data processing options: 
(a) one sample per message: sending each sample in a separate message 

(b) multiple samples per message: sending several samples within one message 

TABLE III. Data processing and storage costs for different options 
Storage option Costs $/year per sensor 

One sample per 
message 

1.39  
 

($0.0421 per year of connection +60∗24∗365 messages per year * ($1 
per million messages + $0.15 per million rules triggered + $1.4135 per 

million write request units)) [13][14] 

Multiple samples 
per message 

1.125 
 

($0.0421 per year of connection + 60/5∗24∗365 messages per year * ($1 
per million messages 

+ $0.15 per million rules triggered + $2.08 per million 1s lambda 
function executions + 5 * 

$1.4135 per million write request units)) [13][14] 
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Each sensor posts data to the sensors/samples channel in JSON format. The same JSON structure 
is used in the DynamoDB table for the storage of the received samples. Because of the way the 
AWS IoT Core is implemented, the system may be configured in such a way that any authorized 
client would immediately receive updates from sensors. This is extremely useful in real-time data 
processing on other IoT devices. 
 
For the public API, we define several REST API endpoints: getAqi and getCities. 
 
getAqi endpoint assumes region bounds, selects measurement samples from a DynamoDB table 
for the past hour, takes an average of all of the values (temperature, pressure, particulate matter 
concentration, humidity) for each sensor, and then proceeds with computing for each data point a 
CAQI. All of the computed data points are then reduced into a summary object, representing 
general weather and air pollution state in the selected region. The computation flow for the 
endpoint is shown in Fig. 3.  
 
getCities endpoint selects a list of entries from DynamoDB and returns them to the user. The same 
principle is used to determine the selected area name when processing a request to getAqi 
endpoint. 
 

 

Fig. 3. getAqi response computation flow 

Behind the scenes, the REST API endpoints are implemented using a NodeJS package, wrapped 
into an Amazon Lambda function, connected to a REST API Gateway. This may be seen in 
Fig. 4. 
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Fig. 4. Amazon REST API Gateway implementation structure 

 
5. Results and Conclusion 
 
Because of the way we’ve implemented the Cloud Infrastructure, our system turned out to be 
highly scalable and cost-effective. The simplicity of it will surely be a deciding factor for the 
developers that will consider using it. Having REST API endpoints as separate lambda functions 
allows us to cut costs when the system load is low and automatically scale it when the load 
increases. The AWS will handle most of the load-balancing for us. There are some limitations to 
the AWS IoT Core. For instance, the number of connected devices simultaneously is limited to 
one million. However, Amazon provides a special procedure for the clients to increase the default 
limits. 
 
Our front-end interface was implemented using technologies like ReactJS, Redux, Bootstrap, 
Leaflet, Babel, Webpack, etc. The resulting graphical user interface is shown in Fig. 5. 
 

 

Fig. 5. Air pollution monitoring user interface 
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Abstract: The funded Project aims to get a better process understanding of generating VR worlds 
out of scans and pictures. Additionally, the aim here is to have a wide degree of freedom while 
walking within these virtual worlds to potentially decrease motion sickness. 
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1. Introduction 
 
Virtual Reality - a term that probably everyone knows by now. Not only the technology is 
developing rapidly, but also the application possibilities. VR is no longer only used in games, but 
increasingly in training and education, medicine, tourism and many other fields. It is therefore 
even more important that the technology develops at a correspondingly rapid pace. It is 
particularly important to create a simulation that is as close to reality as possible - especially when 
it comes to training for real - for example medical - missions. However, this involves far more 
than the quality of the visualization of what is seen. For example, a coupling with real movements 
- both arms and legs - is important.  
However, due to the limited freedom of movement in VR, natural locomotion has so far posed a 
particularly great challenge. Physical walking has so far been hardly or not at all possible due to 
various limitations such as lack of space, cables, risk of injury, etc. [1]. 
Another problem that we wanted to address is the motion sickness while moving in a virtual 
World. The term "motion sickness" was first used by Irwin [2]. He was concerned with the 
phenomenon of seasickness but introduced the term "motion sickness" as a more comprehensive 
term. More comprehensive, because the symptoms associated with motion sickness occur not 
only when moving around on the water, but also in other situations involving movement. 
Seasickness is a classic example of motion sickness.  In addition, many people experience other 
forms of kinesis, such as when flying (air sickness) or when travelling in a car (travel sickness). 
In general, simulation attempts to depict real-life motion situations, such as flying or driving a 
car, as realistically as possible, which requires a dynamic representation of motion. The 
simulation is subject to technical limitations, so that a perfect 1:1 image of reality cannot be 
created. A simulator only displays the individual stimuli of a moving, real environment more or 
less completely, depending on the technical equipment.  The complaints that occur in the user are 
thus related to movement, but are not limited to true physical movement [3]. 
 
2. Scanning 
 
Scanning of objects for use in VR is not new. This an alternative way to building objects up in 
programs like Blender, Maya or similar. Here laser scanners are positioned in a room or around 
a building usually. These scans are repeated at different locations within the room or around the 
building. By combining these in software products (e.g. reality capture [6]) point clouds can be 
generated out of the scans. These point clouds can then be used to generate 3D models. 
 
Scans can be achieved by using Laser Scanners (like Faro S150 used in Scan2VR Project) or 
Photos. If only one system Laser scan or Photo is used to outcome is already good, but seems to 
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lack the one or the other information. If combined by certain programs the better results can be 
achieved. So, for this project and study it was decided to combine both methods while scanning 
rooms and construct the 3D model with the use of the software ‘reality capture’ (of Capturing 
Reality s.r.o.). The outcome then was optimized by reducing polygons and change settings 
according to the needs. 
 
Objects like statues were modelled mainly by using photogrammetry. For the 3D Models of 
people, a scanning booth was used, that has 93 cameras inside. The technique still is based on 
photogrammetry. 
 
3. Walking in VR 
 
In the meantime, there are a multitude of different virtual locomotion possibilities, and a large 
number of these have already been scientifically investigated and evaluated [4]. Some techniques 
require special equipment such as joysticks, while others are based purely on user gestures and 
corresponding algorithms. Each mode of locomotion has its advantages and disadvantages, which 
in turn depend on the particular application. [5] 
It is therefore essential to take a priori a look at previous research results and include them in this 
study. Even if there are no scientific results for the use of the OmniDeck in terms of motion 
sickness itself, there are already other, comparable techniques for walking "real", physically, in 
VR [5]. 
 
4. Project Scan2VR 
 
The main idea of the project was to get to an environment in VR where people can almost freely 
move within after scanning surroundings. This was planned in collaboration with the project 
partner “Museums Quarter Krems”. 
The agreed idea of the project, after first project meetings, was to generate an application that 
enables curators to plan their exhibits in VR. This should enable them to position objects and 
lights to a more realistic setting, than as done now (planning on paper). Additionally, we wanted 
to give more possibilities in planning as to add scanned people into these exhibits. 
 
The team started to work with the given hardware (Faro Laser scanner S150 [7], Artec Scanner 
Eva [8], Osensus 3D Scamera [9], Omnifinity Omnideck [10]). The Omnideck was set up 
February 2019 and used mainly for purpose of walking in VR. The Faro S150 is used mainly for 
room scale Scans and also “field” scans outside. The Artec Scanner is only used for small objects 
as its capacity is limited. The 3D Scamera is a portable booth to scan people. 
 
The application starts in a first room, where different options are available to choose from. The 
first one is to create generic rooms. This is giving curators now the option to generate new 
(generic) rooms, within the VR headset by specifying width, length and height. Specifying where 
the doors shall be located, where windows need to be. After this teleporting into the room and 
setting objects into the room or paintings at the wall. Lights can be positioned on the ceiling and 
at the wall with different light sources available. Scanned people can be imported into the scene 
moving autonomously within (programmed to move from object to object). 
Additionally, in the First room there is the choice to use one of the previous scanned rooms of the 
existing museums and to either use them empty or preset. These rooms do offer most or all of the 
options as the generic rooms (some have fixed lights at the ceiling, as the room is not offering 
any different light options). 
All these rooms can be used and moved within by walking on the Omnideck using an HTC Vive 
pro Eye (we haven´t used the eye tracking function intensively within this project). 
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5. Results and Conclusion 
 
The current results show that people have a far better understanding on planned exhibitions if 
done in VR than on paper. They can visualize how the lighting changes the overall exhibition. It 
is possible to detect problems in terms of narrow spaces when visitors are simulated. Also, the 
impression that the exhibition generates and the changes by different ways of lightning can help 
curators and visitors to change and adapt exhibitions. The application was tested also at a booth 
in the museum, showing a smaller version (less features) to visitors. The visitors were almost all 
very happy with the options, the look and feel of the application but also with the option of 
generating their “own” exhibition. 
 
At the same time movement on the Omnideck seems to reduce the motion sickness for people 
moving in VR compared to free locomotion (Joystick movement) and teleportation in VR. A 
questionnaire was used here for checking their well being (before and after they used the system). 
The outcome so far (study not finished, only few people were trying the application so far and 
were filling out the questionnaire) shows clearly that a physical movement on the Omnideck (and 
as we assume on any motorized treadmill) clearly reduces the effect of motion sickness in 
comparison with movements in VR like Flying, free movement or passive movement. 
 
The developers see enormous potential for gaming as well as health and medical applications. In 
fact, the OmniDeck can be used in as many ways as virtual reality can be used. The OmniDeck 
not only allows you to run in real games, but also to move around in virtual training environments 
(laboratories, hospitals, rescue operations, etc.) and thus learn more effectively [12]. 
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Fig. 1. Sketch of the view from above of the OmniDeck [11] 
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Abstract: Nowadays, a grand majority of organizations focus on the design of a digital strategy 
to be able to meet the needs of the market and customers. However, many of them are struggling 
during the implementation. This research paper discusses how organizations can benefit from a 
holistic approach with three principles of implementation. The paper explores the possibility of 
exploiting some of the existing agile principles from the agile manifesto of software development 
using a people focus and user-centric approach when implementing the digital strategy in their 
business. Using the agile manifesto principles in combination with the adoption of three elements 
adaptive culture, creating change and, operation excellence before, during, and after the 
execution of the digital strategy, the organization can have a better implementation process. 
 
Keywords: agility, change, digital transformation, innovation, transformation 
 
1. Introduction 

 
Researchers indicate that a significant majority of CEOs aspire to be digital but a very low 
percentage think they have been successful [1]. According to research [1], a vast gap lies between 
strategy and execution; that middle ground that seems so difficult to traverse. Klaus Schwab, 
executive chairman of the World Economic Forum, said, “we stand at the blink of a technological 
revolution that will fundamentally alter the way we live, work, and relate to one another. In its 
scale, scope, and complexity, the transformation will be unlike anything human kind has 
experienced before [4].  
The transformation is not only complex but also comes with a high level of uncertainties and 
risks. During the planning of a digital strategy, companies are struggling but even more during 
the execution of becoming a real digital enterprise. Research highlights many are being thwarted 
by poor execution [5] where most of the time the transformation roadmap finished but with low 
impact and minimum benefits. One of the most critical components during the execution of a 
transformation is transforming the culture of the organization so that it can evolve and adapt 
quickly [1]. A culture change is a big challenge mainly for traditional organizations. The main 
challenges arise when this cultural change is only coming from the IT division instead of the 
entire organization. The transformation is a company task where all the divisions should work 
together following one goal. One more major challenge faced by CEOs is balancing act between 
having a clearly structured road map and the ability to adapt quickly [1]. The authors [5] argue 
that the digital economy is fast-moving and demands rapid scalability and the main question stated 
by many CEOs is how do we make it agile? The agile term has existed for nearly 20 years with a 
focus on the development of software [6]. Nowadays, many organizations are taking the concept 
to a new scale focus in the agile enterprise to accelerate the transformation within the 
organizations, agile enterprise means not only in teams but also in making the term “agile” or 
“agility” as part of the values of the organization. Since an essential part of becoming digital is 
the agility of the organization to adopt fundamentally different ways of working, thinking, a big 
change in mindset, this paper will first introduce three principles for execution of the digital 
strategy, then look at existing principles of software development from the agile manifesto. 
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Further, an explanation of the interconnection of the principles and the benefit during the 
execution of a digital strategy. The paper will also touch upon the main factors of why the pace 
of the execution of a digital strategy still is a challenge for many organizations. Lastly, one of the 
open questions this paper will address is: what is the missing link between digital strategy 
planning and real execution? 
 
2. Digital Agility in Organizations 
 
The pace of transformation is different per sector. The Government is listed as the sector with a 
lower transformation process with 27% of progress and the second one is Education with 40%. 
One of the main reasons is due to the “power of the people” [5]. According to the research [5], 
one key attribute— desire and ability to communicate—was identified as more important to 
organizations that are slower at the transformation. This might indicate issues with siloed 
behaviors and ways of working, including a lack of cross-business collaboration and challenges 
to building effective multidisciplinary teams [5].  
 
Many researchers identified the people factor as a main factor of failure during transformation. 
According to Kay Nemoto, Chief Strategy & HR Officer, Avon Worldwide, if you can’t take your 
people with the strategy so that they really start living your strategy, understanding it, [integrating 
it] into their day-to-day behavior, and really making decisions [according to] their responsibilities, 
then your strategy won’t be what you expect it to be. One more challenge during the 
transformation is aligning the whole organization to the delivery value and strategy [1]. Today, 
the accelerating rate of change and demand of the market is overwhelming most organizations’ 
ability to absorb and respond to changes. This is also affecting many or all the divisions within 
the organization. Having the right mindset of people in place is paramount, but also alignment 
with the whole organization is fundamental. According to the research [5], the third characteristic 
more important during the transformation is alignment on goals across the divisions. The digital 
strategy is not an IT task but rather a joint effort of the CEO with every leader. The last challenge 
to analyze during this research is how to obtain a lightweight process across the organizations. 
Many organizations claimed to be becoming a digital enterprise using agile methods with agile 
teams but with a hundred-page release book for an update release of a system. It is fundamental 
to build a responsive organization with a clear governance structure but less bureaucratic. 
According to the research [5], frameworks impact organizations’ ability to adapt to change. 
Organizations with very well formalized processes also report being “often or consistently 
adaptable” in the face of unforeseen strategic challenges. A well-formalized process does not 
imply a complex process [5]. The research examined the frameworks used within high-
performing and adaptable organizations. The most common approaches used by high performers 
included: agile, iterative, or incremental project management frameworks, internally developed 
frameworks (a hybrid from existing frameworks). These approaches have been identified as well 
in researches from different authors [1].  
 
As a proposal to mitigate some of the existing challenges faced by many organizations, the 
principles adaptive culture, creating change together and operation excellence are proposed to 
have a smooth transformation journey. The principles can be adopted by any organization no 
matter the size or sector 
 
2.1 Adaptive Culture  
All the companies are facing different challenges to adapt to the new reality in terms of ways of 
working, thinking, and performing their daily operations. Digital transformations are often 
accompanied by changing skill sets that are not only necessary for the transformation itself, but 
also for regular operations [5]. During the transition of planning to real execution of the strategy, 
the human factor plays a significant role to succeed. The companies should promote programs 
before, during, and after the transition to foster the individual’s collaboration with a focus in: 
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 - Encourage an adaptive mindset  
- Overcoming the culture of fear  
- Teaching new ways of working and collaborating with their peers  
- Foster collaborative decisions among teams  
 
All the activities mentioned above are critical but the most important is to maintain the change. 
Many pieces of research stated that digital transformation is not a one-time shot as a regular 
change but more an ongoing continuous improvement to be measured and adapted based on the 
progress. According to McKinsey [6], only 16% of the respondents to a study conducted in well-
established organizations who did a transformation journey reported success at improving 
performance and sustaining the change.  
 
2.2 Creating Change together  
Building small steps but together among the divisions should be key for organizations. There are 
many existing methods and frameworks to support the collaboration but the difference is the 
attitude to face the change and decide a collaborative approach instead of asking the question of 
which department will drive the transformation. Creating change is not about reinventing the 
wheel but more about taking what is there with a different mindset. Short iterations and quick 
feedback, that is more comfortable with evolving rather than planning solutions, makes a huge 
difference in how any practices are implemented to adopt the change [1]. 
 
 2.3 Operation Excellence  
George Westerman, a principal consultant research scientist with the MIT Sloan Initiative on the 
Digital Economy, says, “When digital transformation is done right, it is like a caterpillar turning 
into a butterfly, but when done wrong, all you have is a really fast caterpillar”. An organization 
cannot be transformed when bringing all the heavy and long processes to the new. Automatization 
of processes is not enough but a detailed review of each process and the interconnection of these 
among the divisions is fundamental. Decision-making is also particularly important in operation 
excellence where autonomous teams play a big role. Autonomous teams take on greater decision-
making and accountability. The top management must carefully balance autonomy while 
maintaining its fiduciary responsibilities [1].  
 
3. Agile Manifesto Principles  
Many organizations are still thinking that transforming is about designing a new app, 
implementing agile software development, or collecting data from all sources. Transforming is 
about people, changing their mindset, and embodies new principles [1]. This is the hard part that 
all organizations are facing. Pair programming or daily stand up meetings within the IT division 
is not enough for a transforming journey. It is necessary to take the agile values at the core to 
have a real transformation within the whole organization.  
 
For the scope of this research paper, only three agile manifesto principles [7] are taken as guidance 
to scale them to be used by all the divisions in an organization.  
 
3.1 Individuals and interaction over processes and tools  
“Good processes” but without having the right people involved is like having the latest model of 
a computer without a power cable. The core message is to involve the whole company in the 
change, make them feel part of it, and break the old mindset into the new.  
 
3.2 Customer collaboration over contract negotiation  
Many businesses within organizations are creating their own “shadow’s IT” buying software 
without involvement of IT, hiring an external IT consultant without letting IT know, and many 
more. It is fundamental to have better collaboration between IT and business leaders, better 
understanding of each’s other demands, continue learning and feedback from both sides. Within 
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agile teams, customer collaboration and feedback is needed to finalize the product. Why don’t we 
take this basic philosophy to the core of organizations?  
 
3.3 Responding to change over following a plan  
Responding to change does not imply planning on the go. However, many organizations are stuck 
in following a detailed plan without analyzing if this plan is effective or is delivering the desired 
outcome.  
 
The proposed principles are presented in the Fig. 1, where a comparison to the agile manifesto 
principles is highlighted. 
 

 
Fig. 1. Digital agility in organizations (own model) 

 
Adaptive Culture over rigid culture  
What do we need to work better? A common misconception about implementing a digital 
transformation is that the organization should change everything to the new. Part of the process 
is to take existing core values and principles of the organization and enable them with new 
adoptions of best practices and tools. Test, try, fail, and evolve, there is no real secret to success 
or a clear set of steps that can be followed as that so at the end, the organization is “agile”. The 
organization should adopt an experimental and learning culture. 
 
Creating Change together over silo mentality  
How should we work better? Agile software delivery teams have learned to plan and deliver short 
cycles, measure successful outcomes, learning from the retrospective sessions, experiment with 
spikes, gather feedback in every cycle, and collaborate in autonomous teams. The same method 
can be used with a scaling approach during the transforming journey; the only way to create the 
change is by using an ongoing collaborative approach with the different divisions. Implementing 
short cycles from planning the strategy and collecting feedback from every division, building 
blocks with weekly measurement. Once the small steps are progressing, the organization can take 
bigger steps. It seems to be an easy approach but seldomly used during the transforming journey. 
It is necessary to determine what is better, what is enough for the organization. Factors like the 
size, years of implementation, and the scope of transformation can determine how big or how fast 
the steps can be made.  
 
Operation Excellence over heavy weight governance  
How can we deliver better value? Excessive process and documentation, and leaders who want 
to control every detail are leading to no autonomy within teams, etc. The digital journey requires 
a better structure among leaders to ensure the organizations are meeting customer demands. 
Lightweight processes or planning does not entail unorganized organizations but when an 
organization established clear governance accepted by the whole organization, the performance 
and the speed and decision-making among the teams will progress. Typical dashboards where 
project teams are measured based on the traditional objectives focus on time, cost, and, the scope 
is no longer valid because these are constraints, not objectives. As part of the adoption of 
operation excellence, the leaders should evaluate project teams on outcomes delivered rather than 
what the cost was or whether they met a predetermined date. 
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4. Results and Conclusion 
 
As of today, there is no an existing magical formula to guarantee the success when it comes to 
transformation within organizations. What is well known is that a people focus approach, unity 
of the divisions across the organization and a lightweight process method can help to transform 
organizations and scale them into a responsive organization. Transforming is not only about the 
new but more about using existing principles, frameworks, methods and tools to support the 
change. The author is proposing a more detailed research to provide guidelines for organizations 
to help them structure and implement these principles in order to achieve the digital strategy goals. 
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Abstract: The impact of globalization and digitalization on interconnections in the world is very 
strong. Society has ceased to live in closed communities and for its survival, it unites and 
interacts. There are processes, an analogy for which can be drawn with wildlife, where all 
interactions create a single system of existence, which is called the ecosystem. The influence in 
the middle of such a system between its participants is very strong. Any change can lead to 
destruction or prosperity. In the business world, similar processes are taking place. Combining 
a business around certain ideas and values creates sustainable systems where the influence and 
interaction between its participants is very strong on the one hand and very fragile on the other. 
Any influences and actions are independent on the one hand, and on the other, significantly 
affect the system itself. Is it possible to consider projects from the same angle? How will such a 
model of existence function for a project and is it possible to apply it? The article briefly 
presents an analysis of the main characteristics of business ecosystems, describes the main 
actors of such a system. The theoretical basis is the basis for the analysis of energy audit 
projects in Ukraine. It is shown that such projects can be considered within the framework of 
the business ecosystem model. The main stakeholders of such projects are identified. The 
advantages of presenting such projects using the business ecosystem model are described.  

 
Keywords: project management, energy audit, project, business ecosystem 

 
1. Introduction 
 
Globalization and digitalization are one of the main trends of our era, affecting not only 
individual citizens, but also organizations and businesses. As the results of the studies show in 
the last 50 years companies die faster than ever. “Although corporations seem to be an 
unshakable and durable institution, they now live on average less than their employees. And the 
reduction in their life expectancy does not depend on the number of staff, nor on the age of the 
business, nor on the industry. Neither the size of the business nor experience save from 
premature demise” [1]. 
 
Today, the tasks of the business have changed. “If earlier the task of business was to come up 
with an idea that was more powerful than competitors' one, now this is not enough” [2]. The 
presence of even a brilliant idea and its independent development may not be the basis for the 
growth and stability of the product. It is necessary to interact with the idea and product of the 
idea with a community that wants to see not only the product of the idea, but also its positioning 
in the system. And this may require other players. 

 
In 1935, Arthur George Tansley, the famous British botanist and one of the first ecologists in 
the world, introduced in his work “The use and abuse of vegetational terms and concepts” the 
concept of “ecosystem” [3], according to which “An ecosystem is a community of living 
organisms in conjunction with the nonliving components of their environment, interacting as a 
system” [4]. In such an ecosystem, everything is interconnected. Minor changes in its 
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components can lead to significant changes. One striking example is the rescue of Yellowstone 
National Park's ecosystem by 14 wolves [5]. Only 14 wolves were able to change the ecosystem 
by significantly improving it by reducing the number of deer populations. The effect was 
stronger than expected, since there were changes not only in the animal and plant world, but 
also in the geographical. The riverbeds changed, which became more stable due to the 
strengthening of their banks with newly grown grass and shrubs. 
 
In 1993, “James F. Moore developed a model, which describes this dynamic cooperation of 
companies and defines the complex market system as a business ecosystem” [6]. In his work, he 
demonstrated the correspondence between the biological world and economic activity, showing 
that in the latter, buyers and producers occupy complementary roles, evolving together in the 
direction given by companies located in the center of the ecosystem. As part of his work, The 
Death of Competition, a definition of the business ecosystem was given, which indicated that 
the latter was a set of proprietary or partner services, united around one company. And 
according to the author, consideration of the company's management precisely in the 
perspective of the business ecosystem will allow it not to disappear quickly in today's economic 
situation. 

 
2. Objectives of the Study 
 
The concept of a business ecosystem is most often used to create a specific business 
environment within a specific field of activity or product. But can the characteristics of the 
business ecosystem be applied to energy audit projects in Ukraine? And if this is possible, then 
how can such an approach help in the implementation of projects? 

 
3. Main Concepts of Business-Ecosystems 
 
The literature analysis [3, 6-10] gives the possibility to specify the main characteristics 
describing a business ecosystem. If it talks about the definition of group borders in the 
ecosystem then firms have weak connections in the ecosystem, they depend on each other for 
their mutual effectiveness and survival. If it talks about the primary relationship between firms 
in the ecosystem than the ecosystem is characterized by competitive and collaborative 
relationships. Sources of transformation and change in the ecosystem are new products and 
customer needs incorporate the next round of innovations. 

 
The performance of a business ecosystem is defined by some factors that differentiate the 
system from other management models. First of all, it is Modularization that is provided 
through the development of the unique offer by participants independently from each other and 
by parts. The next factor is an Adaptation that is meaning that each participant adapts to the 
ecosystem concept and brings a contribution, which will be more fit to the unique goal solution. 
Evolution stays close to the adaptation. It means that the “ecosystem evolves because it has the 
flexibility to change over time through competition and experimentation”. Dependence is one of 
the important factors for the business ecosystem. The system is a big business network, where 
all actors depend on each other. Coordination (or self-governance) is provided by the special 
techniques of all process coordination that are based on the special rules and standards 
producing. The system should be self-governance because it doesn’t have top-down control. 

 
Any business ecosystems couldn’t be unless all participants conducted with the main values. 
Values are the base of the ecosystem. The creation of the values chain in the base of any 
business ecosystem development. The system's strategy is a value offer development. The value 
offer should not only be a base but also allow an increment value. 
Sustainability is the next factor of the system. It describes that the system can entire without 
outside influence. This factor specifies that “people and products balance their use and reuse of 
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resources to perpetuate the ecosystem”. And finally, the business ecosystem should be opening. 
It opens access to a wide specter of opportunities that provide quick scaling and represent a 
scalable and sustainable model. 

 
A business ecosystem has seven types of actors who are shortly described below. In general, all 
these actors should be presented in the ecosystem. However, they have different influences. It 
may be either positive or negative. First of all is a Leader. Leader “…defines the central value 
proposition of the ecosystem to which the actors in the ecosystem work together”.  

 
The next actor is called a Value Chain Role, a supplier and a service provider are its 
representatives. “The supplier or service provider provides parts of the value chain and the 
downstream company with either products, technologies, or services” and customers, who 
“define the demand and are thus the triggers for an ecosystem”. 

 
The next actor is a Niche Player. It ensures “a diverse offering for the customer”.  As in the 
ordinary ecosystem, the business ecosystem has a Parasite. A Parasite has a negative influence 
on the business ecosystem. In general, it is included three different types: the dominator, the 
non-beneficial collaborator, and the wannabe leader. „The non-beneficial collaborator 
represents a supplier or service provider in the value chain who cannot keep pace with the 
progressive development of technology”. On the other hand, the dominator and the wannabe 
leader are those who can destroy or take over the ecosystem. The dominator tries to occupy the 
central position in the ecosystem and shift the leader. The wannabe leader isn’t a “classical” 
parasite. He/she doesn’t want to shift the leader from his/her position, but the wannabe leader 
tries to copy the ecosystem and if he/she had possibilities to do it, the original ecosystem could 
be destroyed. 
 
Opposite to the Parasite, the business ecosystem has a Developer. It is an innovator. An 
innovator, a sponsor, and a knowledge generator are representatives of the Developer. An 
innovator helps to grow ecosystem “through the commercialization of new inventions by 
experts or new business models”, a sponsor helps with resources, and a knowledge generator are 
responsible for preparing of the qualified specialists. 

 
The biology ecosystem is supported by external controllers. It may be climate, changes in 
environmental, human influence and etc. The same situation is in the business ecosystem. An 
external controller is one of the actors of the business ecosystem. The external controller 
doesn’t have a direct impact on the ecosystem, but “create the regulatory framework for the 
system, are summarized under external controller”. A regulator and representatives are included 
in the external regulator. Political institutions can be showed as a regulator. They provide the 
capacity for growing and innovations for smaller companies. They should create equal 
conditions for all market actors. “Representatives are typically NGOs, trade unions, 
associations, and lobbies. They represent the interests of ecosystem actors to regulators and 
influence policy decisions”. 

 
The task of an Intermediary is ensuring “a safe transition for a new product idea from its 
creation to its marketing”. The Intermediary role can be realized by all actors one way or the 
other. 

 
4. Energy Audit Projects as an Example of the Business Ecosystem 
 
If developed countries have been paying great attention to the problem of effective energy 
management for many years, then in Ukraine government began to pay any attention not so long 
ago. The impetus was a significant increase in prices for energy purchased by the country and 
military events in the country over the past 5 years. In 2017, Ukraine adopted the law “On 
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Energy Efficiency of Buildings” [11], which became the impetus for the initiation of projects to 
improve the energy efficiency of buildings. Let's evaluate whether energy audit projects can be 
considered as a business ecosystem, i.e. whether they correspond to the characteristics of such 
systems. 

 
4.1. Brief Description of Energy Audit Project 
First of all, the projects themselves will be described. Energy audit projects are initiated by 
building owners or balance holders. According to the Law, it can be any buildings, but basically 
these are buildings that are on the balance of the state and are buildings of the housing stock, 
applying for state support for energy-efficient programs (Energy Efficiency Fund, IQ energy 
programs, etc.). 
 
Before the start of the project, the project initiator (or the customer’s representative) fills out a 
questionnaire on the state of engineering systems and building envelopes, its location and mode 
of operation. This stage is necessary for the correct assessment of the scope of work by 
company employees at the facility. 
 
Then, according to the relevant state standards, the energy audit specialist collects and evaluates 
existing documentation, examines the building and utilities, and analyzes energy consumption 
for previous years. After work at the facility and the collection of necessary information, 
thermotechnical calculations and calculations of energy consumption values are carried out in 
accordance with current methods. The obtained value of energy consumption can differ 
significantly from the actual indicators on the meters, since the standard microclimate indicators 
are taken in the calculations. Then, the energy efficiency class is calculated - the calculated 
energy consumption is compared with the standard indicator. The result of these actions can be 
considered as the completion of the initialization phase, and in fact is a basic assessment of the 
structure. 
 
Based on the data obtained, the analysis of the "weaknesses" of the building - the elements of 
the building envelope and engineering systems that do not meet the requirements of regulatory 
documentation. At the next stage, a list of recommendations for the modernization of the 
building is compiled, each of which is evaluated in terms of potential for energy savings and 
economic efficiency. After that, from the most “profitable” recommendations, plans for thermal 
modernization of the building are proposed - a short list of measures with the greatest economic 
effect. In fact, the result of these actions is the planning of approaches to the implementation of 
actions to increase the energy efficiency of the building. 
 
The customer (or the initiator of the project) independently determines the sequence of actions 
to improve energy efficiency. He can either implement all the proposed recommendations, and 
then repeat the assessment, so he can implement individual (or one at a time) recommendations, 
assessing the effect obtained each time after the implementation of a recommendation. To do 
this, re-monitoring and verification of the result from thermal modernization is carried out. 
Thus, the steps are repeated until the building meets the minimum requirements for energy 
efficiency. As soon as the building meets the requirements, the project is completed. 
Schematically, the energy audit project is presented below in Fig. 1. 

 
4.2. Energy Audit Project as a Business Ecosystem 
 
Energy audit projects will be evaluated on the base of the comparison with the characteristics of 
the business ecosystem. 
 
Meeting the criterion of the definition of group borders is complete if the stakeholders of the 
project will be considered within the framework of this ecosystem. But note that most 

190



stakeholders are part of other ecosystems. For example, manufacturers of building insulation 
products depend on the decisions of energy auditors and building owners, but at the same time, 
they supply their products for the construction of other buildings, and construction is not 
directly part of this ecosystem. 

 
The criterion of the primary relationship between firms is fully satisfied in these projects, 
because in the system itself there is a constant competition between suppliers for building 
insulation, between energy auditors for participation in projects, between manufacturers for the 
development of more modern, environmentally friendly materials for energy conservation, 
energy metering devices etc. Also, the criterion of sources of transformation and change is fully 
satisfied, as the requirements of customers push builders, manufacturers and suppliers for the 
development of innovative materials and devices, building design considering approaches and 
requirements for energy efficiency. 

 
Energy audit projects support Modularization, since their implementation is carried out by 
project participants independently of each other, but is aimed at obtaining a single result. The 
energy auditor does not oblige the project owner to use certain materials when implementing the 
project, he does not even indicate what decisions need to be made. It only denotes a problem 
and determines ways to solve it. While the project owner independently at his own discretion 
chooses the components for the implementation of the project and the sequence of actions, 
forming their combination to achieve a specific result. The Adaptation factor is fully satisfied, 
as all project participants adapt to the concept of the project itself, contributing. The basic 
concept is to ensure efficient energy consumption by a building while maintaining a level of 
comfort. An energy auditor determines acceptable levels of energy consumption, manufacturers 
develop materials that will provide energy savings, as well as devices that can more accurately 
determine energy consumption. Owners of buildings solve the problem of efficient insulation of 
the building and the rational use of its area. Legislative bodies provide legal support to all 
players in this ecosystem, thereby enhancing the country's image and saving money on the 
purchase of energy resources. The projects themselves are in the Evolution stage, being new to 
Ukraine. As part of their implementation, new approaches are being formed that ensure their 
more successful implementation. One of such approaches is the development of a city energy 
management system, which aims to use “energy resources and managing them at the level of the 
house, district, city” [12]. All project participants are interdependent, creating a single network. 
Energy efficiency requirements, energy auditors, manufacturers and suppliers all make up a 
single network, which is fully consistent with the Dependence factor. Monitoring the 
implementation of the project is based on accepted standards, instructions and orders. But there 
is no statement about full compliance with the Coordination (or self-governance) factor, since at 
this stage, energy audit projects are implemented more through necessity than through a full 
understanding of the ecosystem’s values. Although certain shifts towards the latter are already 
being felt. 
 
Values in such projects play an important role. They are understandable and supported by 
everyone, developing and forming new values for the participants in the system. If the initiation 
of projects is valuable for their owners in the context of saving money for paying for utility 
bills, then the appeared values of the educational institution that trains energy auditors are 
consistent with the values of the system and expand it, as it helps to increase knowledge. The 
labor market contributes its values to the system, forming the need for certain specialists who 
are able to conduct an energy audit. The values of manufacturers and suppliers are also included 
in the system, expanding it. Speaking about Sustainability, projects can add or remove 
components without loss, depending on the current task facing the participants. For example, 
the project owner may add additional materials to save energy, or make additional decisions. 
Also, the manufacturer can offer new solutions based on innovation and the use of new 
technologies. 
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Fig. 1. Energy Audit Project (own illustration) 

And finally, energy audit projects are open. For example, any universities that participate in the 
development of an appropriate program that will undergo licensing and accreditation can 
participate in the training of energy auditors. New companies can develop or deliver energy 
saving materials. Information technology companies can participate by developing appropriate 
software. 
 
As a Value Chain Role, energy conservation materials providers and energy auditors provide 
services to evaluate the energy efficiency of a building. Niche Players can be considered small 
companies that produce insulation materials in small batches, but they can be more 
environmentally friendly. As well as companies that export the necessary materials. It is 
currently difficult to identify explicit Parasites for such projects, since in the general case all 
manufacturers and suppliers are aimed at scaling the system and are not yet parasites. 
Innovators can be considered the European community, which, on the basis of its approaches to 
the efficient use of resources, has pushed Ukraine to implement relevant projects. Sponsors in 
this case are both private individuals and the country's banking system, which provides credit 
lines to ensure the implementation of energy efficiency approaches for buildings. Knowledge 
generators are educational institutions and research centers that train specialists in energy audits 
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and researchers capable of creating new energy-saving materials. The External Controller is the 
state, which at the legislative level regulates the approaches and principles of implementing 
such projects. And finally, Intermediary to one degree or another, all project participants come 
forward through their actions, ensuring the implementation of the concept of energy 
conservation in the country and the world as a whole. 
 
Framework for the characteristic roles of a business ecosystem for the energy audit projects is 
presented on Fig.2. 

 
5. How consideration of energy audit projects based on the business ecosystem model 

can help in their implementation 
 
The business ecosystem model is relatively new, although it was first described more than 20 
years ago. Today, its application for doing business helps companies not to go broke and not 
live a short life, but to exist for a long time on the basis of cooperation and competition in the 
business environment. The description of energy audit projects according to the business 
ecosystem model allows, first of all, to look at the implementation of such projects from a 
holistic point of view. Correspondence of projects of such a model demonstrates their strengths 
and weaknesses, thereby exposing possible problems. For example, such an assessment clearly 
focuses on the fact that the success of projects depends on a well-formed value that should be 
understandable to everyone and that can be scaled to all participants, including positions that are 
clear and close to them. The openness factor contributes to the determination of future 
participants in the system, thereby scaling it to new players and thereby strengthening it. The 
evolutionary factor allows us to direct project participants towards innovation and change.  
 

 
Fig. 2. Framework for the characteristic roles of a business ecosystem (based on the [6]) 

Dependence assessment in the system provides a basis for assessing risks in the project, 
demonstrating the interconnectedness and interdependence of all participants in the system. 

 
The definition of system actors is, in fact, an analysis of the system’s stakeholders. And their 
ranking allows us to consider stakeholders in terms of their impact on the project, which helps 
to manage them. In addition, you can immediately see positively influencing, neutral, and 
negatively influencing stakeholders. And also, based on such an analysis, to conduct a 
quantitative and qualitative assessment of project risks. 
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6. Conclusion 
 
As part of the analysis, it was shown that energy audit projects in Ukraine can be described in 
terms of applying the business ecosystem model approach to them. It was shown that such 
projects can correspond to the main characteristics of the business ecosystem model. Projects 
themselves can create an ecosystem. The ecosystem approach allows us to evaluate the 
implementation environment of such projects, exposing possible areas for risks, successes, 
failures. In addition, it was shown that this approach brings positive results, helping project 
managers to implement projects successfully. 

 
But I would like to note that these results are only the first steps in applying this approach to 
energy audit projects and require further research and evaluation. 
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Abstract: Nowadays, distance monitoring systems are important in every technical and scientific 
field. The paper presents a platform for distance monitoring working flow of automation machine. 
The platform can read raw data from the machine in real-time, on which it is possible to monitor 
the automation machine and test its reliability in different conditions. Besides, the algorithm has 
been created to detect errors of digital automation machines during its performance. Presented 
platform and algorithm will help a small and medium owner to develop manufacturing technology 
and maintenance automation machine. 
 
Keywords: industrial automation, distance monitoring systems in automation, verification in 
automation, virtual servers in automation 
 
1. Introduction 

 
There are various frameworks for monitoring machines’ condition in the Industrial Internet of 
Things (IIoT) in real-time. One of them is introduced in [1], which is concentrated on energy-
efficient and uses IoT and Cloud technology. This framework uses fog nodes to distribute 
computational demanding tasks, but it uses Cloud for collection and control fusion rules. Altering 
Direction Method of Multipliers (ADMM) algorithm solves a cross optimization problem of 
transaction information flow between fog and cloud layers. Also, Programmable Logic 
Controllers (PLC) with Supervisory Control and Data Acquisition (SCADA) systems can control 
factory machines process and acquire data from them, but there are open source and community-
supported Arduino platform which develops easier environmental for remote monitoring of 
industrial machines [2]. Smart factories consist of WSN (Wireless Sensor Network) and RFID 
technologies [3] for real-time collection multi-thread data from the industrial system. Also, OPC 
(Open Platform Communications) protocol is created for connection automation machine and 
production them process control [4]. In practically, the research was based on the machinery 
telemetry and the result showed that internet connection was less than 250 ms between machines 
and remote-control platform.  
Introduce user-oriented production in automation industry caused fundamental changes, which 
consist of functional changes that mean download new program code to the machine. Functional 
changes need certain time intervals and it is being implemented via updating program code or 
adding a new component. Sometimes, it is difficult to predict the results based on implemented 
activities, especially in the manufacturing assembly line. Accordingly, the main goal of the paper 
is to help automatic factory owners and operators to integrate industry 4.0 in manufactory with 
easy way and monitor the manufacturing assembly line. 
There are verification methods [5] that can verify automation lines working reliability, but it is 
complicated to implement these verification methods into small and medium-size manufacturing 
because of price and technological difficulties. That’s why the paper presents a new way for 
distance monitoring and verification of industrial automated machines. 
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2. Virtual Server for Distance Monitoring of Industrial Automated Machine  
 
Based on developing enterprise the number of factories is increased. Also, it is increased the 
number of security problems, for example, technical errors, human error, and environmental 
influence. The number of these errors is increasing by the time on which working security of 
automation machines becomes more popular. Accordingly, the paper represents the distance 
monitoring system to get raw data from automated machines in real-time. It is based on Embedded 
System techniques in automation and automated machine control algorithms [6]. 
For distance monitoring in the research used ESP8266 which GPIO pins are connected to PLC 
input-output module (Fig. 1). After that it is possible to get raw data from PLC in real-time then 
this data is transmitted to the cloud server. 
 

 

Fig. 1. Connection between PLC and ESP 

In order to represent the digital signal processing graph of an industrial machine on the cloud 
platform, it is developed as a method for converting digital signals into analog signals. The 
method considers the following steps: The first method collected all digital signals and converted 
them into decimal number systems, then added one sequence to delivered number. The structure 
of the developed method is showed in Fig. 2, where the first digit is machine number and others 
are data from sensors. 

 

Fig. 2. The result of converting digital signals into analog signals 

On the first stage of the research, it was considered virtual a server on asksensors platform, where 
ESP is connected as a client. ESP is connected to local Wi-Fi and sends data via JavaScript Object 
Notation (JSON) format to the host (Fig. 3). 
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Fig. 3. Creation of virtual server 

Experimental works showed that ask sensors platform server sends a request every 16-17 seconds 
(Fig. 4 a) b) c)), what is the too big amount of time for a real-time monitoring system.  
 

 
  

a) b) c) 
 

Fig. 4. Received data from ESP on asksensors platform 

The second virtual server was dweet platform, where is it possible to get information within 5 
seconds. However, the interface of the server was not oriented to create a two-dimensional graph 
(Fig. 5).   
 

 

Fig. 5. Received data from ESP on dweet platform 
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And finally, on smartasp platform was created a virtual server which uses Json file system. The 
server is flexible to custom server interface (Fig. 6). Here is a possibility to manage raw data 
every second from ESP. 

Fig. 6. Received data from ESP on smartasp platform 

3. Verification Algorithm for Industrial Automated Machines

Verification algorithm is based on model-based verification [7]. The first step of preparing of 
verification algorithm is to create the correct process flow base of digital machine. This Base 
consists of four main fields: Time, Input signals, Output signals, and State of Memory addresses. 
Developed verification algorithm works the following: It gets all signals (Inputs, Outputs, and 
Memory addresses) from the machine in real-time and compares all getting signals to data from 
correct process flow base in the same time. Time is the most important element because the 
machine works in loop and time value considers machine frequency. After comparing the signals 
there is three different cases: 1. When Input signals are different, 2. When State of Memory 
addresses are different, and 3. When Output signals are different. The algorithm creates a possible 
error base from basic error base, it depends on which case will happen.  

For more illustration, there is a graph diagram of the developed verification algorithm (Fig. 7). 
Where bStart is the start button of the machine, wTime is working time of the machine – it 
depends on the state of the machine. There are two cases when the machine starts work at the 
beginning and the machine starts work in the loop. CID – is current input data that means inputs 
signals which are in the machine in real-time. RID – is real input data that means inputs signals 
which must be in the process of the machine at the wTime. RID is saved into the correct process 
flow base. CMD – is the current state of memory address data that means memory signals which 
are in the machine in real-time. RMD – is the real state of memory addresses data that means 
memory signals which must be in the process of the machine at the wTime. RMD is saved into 
the correct process flow base. COD – is current output data that means output signals which are 
in the machine in real-time. ROD – is real output data that means output signals which must be 
in the process of the machine at the wTime. ROD is saved into the correct process flow base. EB 
– is error base which collects all happened errors for the machine during the machine life. EB
covers input (I), output (O), state of memory addresses (M) signals and time (T). All errors have
its parameters (I, O, M, T) and unique ID number. PEB – is possible error base that means
verification algorithm collects all possible errors from EB and then classifies them. PEB is the
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middle base between EB and ECB. PEB has the same structure as EB. ECB – is error correction 
base, where are all possible steps which are necessary to correct machine working errors. 
 

 

Fig. 7. Graph diagram of the developed verification algorithm 

As a result of the research carried out in the frame of the research, the verification algorithm for 
the remote control of automated machine has been developed, although its implementation has 
not been carried out in the enterprise yet. It should be noted that this issue has already been 
discussed with several automates SMEs in Georgia in order to implement the distance monitoring 
systems and it is planned to implement it in the future. The system allows the machine to be 
operated if the software errors is detected in the system, and in the case of the technical defects it 
performs the safe shutdown of the system. In terms of security, other issues are not discussed in 
the paper. 
 
4. Results and Conclusion 
 
The study presents the creation of distance monitoring system for programmable logic controllers 
that do not have a feature of connection to the internet. For this reason, using ESP8266 and 
smartasp.com virtual server small and medium-size industrial factories owners can monitor 
automation machines with low cost and without any technical reorganization. For digital 
machines, the paper covers the method of converting digital signals into one analog signal and 
that will be possible getting all raw data to draw the digital machine processing graph. 
 
Comparing the developed system with others shows that the speed of the developed system is 
higher than the others. The speed of transfer data to the distance monitoring platform of the 
developed system is 1 second. That means it is possible getting more data from the automated 
machine and getting all possible errors in real-time. 
 
Besides, the paper discusses verification algorithm that detects and corrects the automation 
machine errors while the machine is producing a product. The verification algorithm is based on 
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relations between databases and time intervals. It monitors automated machine in real-time and 
offers error correction ways. 
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Abstract: The article discusses the problems of intercultural competencies formation of students, 
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1.  Introduction  
In the new conditions of expanding exchanges in the fields of politics, business relations, tourism, 
science and art between countries, it was necessary to develop adequate foundations of 
communication and mutual understanding. It became more and more obvious that, alongside with 
economics and politics, culture is an important factor in the regulation of both domestic life and 
relations between countries. 
 
The topic of dialogue between nations and cultures, mutual understanding of peoples is becoming 
one of the leading topics in cultural studies. At the same time, much attention is paid to the study 
of intercultural differences, the specifics of cultures, which are considered as stable factors of 
their interaction, primarily through languages that serve as tools for the implementation of social, 
political, economic, cultural, aesthetic contacts. In this case, the stability of cultural subjects and 
communities, the rejection of ideas of the possibility of bringing all systems into a single universal 
sociocultural system are recognized as a prerequisite for mutual understanding. This refusal 
required a substantial revision of the methodology used, allowed to rethink many traditional ideas 
and methods, and opened up new aspects of research on the problem of intercultural contacts. 
Also, educational technologies for the formation of this competency should provide a means of 
searching for information about the culture of the countries of the studied language, access to 
knowledge and communication in a foreign language, be an instrument of socialization in another 
culture and contribute to the study of foreign language linguistic and cultural realities. The listed 
functions are implemented to the greatest extent with the help of information technology.  
 
Thus, this article discusses the combination of the formation of intercultural competencies in the 
process of teaching a foreign language and the influence of modern information technologies on 
this process. 
         
2. The Concept of Intercultural Communication and Linguo-Cultural Studies 
 
In the context of the actualization of the problems of intercultural communication, the problem of 
teaching foreign language professional communication has been differentiated taking the 
specifics of the professional language and the characteristics of the professional sphere into 
account, which also requires assuming intercultural differences, becomes especially urgent.  
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The analysis of various forms of international interaction in various contexts - economic 
development, social changes, international conflicts confirms the need for the art of intercultural 
communication, and inevitably put forward the task of forming the skills of intercultural 
communication through the study of a foreign language as a tool that provides social, political, 
cultural, aesthetic contacts. Social order - teaching language as a means of intercultural 
communication, explains the need to revise and rethink the educational policy in the field of 
foreign language education, taking international standards, shared concepts that ensure the 
success of communication into account. 
Consequently, the transition to the intercultural methodological basis of teaching foreign 
languages in specific and variable conditions strengthens the pragmatic content and orientation 
of teaching a foreign language as a subject of instruction, as a means of intercultural 
communication. To determine the conceptual basis for realizing this task, it is necessary to 
analyze the methodological foundations and determine the degree of correlation of linguistic and 
regional studies, linguistic and cultural studies and intercultural communication. 
             
It is known that the process of mastering a foreign language in an educational setting is the subject 
of interest of psychologists, and linguists, and methodologists. To approach the comprehension 
of this process only from the standpoint of a particular discipline, according to N.D. Galskova, 
“means not to get a complete picture regarding the mechanisms of language acquisition in 
educational conditions. Actually, the technique cannot give such data; it draws them from other 
related sciences. Only lingual didactics can do this, because it, being an integrative science, is 
intended to give both a description of the language acquisition mechanisms and the specifics of 
managing these mechanisms in educational conditions” [1]. Given the multidimensionality of the 
process of mastering a foreign language in educational conditions, it is advisable to talk about 
"Methodological complexity" of methodological science. Galskova N.D. believes that this 
position is consonant with the position of L.V. Shcherba on the correlation of the complex of 
many sciences in the interest of increasing the scientific nature of the process of teaching a foreign 
language [2], [3]. 
          
“Linguodidactics, in the opinion of G. I. Bogin, is not a justification for one or another minor 
linguistic methodology, it speaks of mastering any language, regardless of whether this language 
acts as the first or second one.” [4] The central category in linguodidactics is a secondary linguistic 
personality, the formation of which is associated with a variety of tasks of an interdisciplinary 
nature. In this regard, the concept of I.I.Khaleeva seems to be more consistent, according to which 
linguodidactics acts as a methodological aspect of the theory of teaching any FL. The author sets 
out his understanding of linguodidactics as follows – it is “... a branch of methodological science 
that substantiates the substantial components of education, training, learning in their inextricable 
connection with the nature of language and the nature of communication as a social phenomenon 
that determines the activity essence of speech works, which are based on the mechanisms of social 
interaction individuals”. [5] 
  
Modern Linguadidactics supposes that the formation of professional and communicative 
competence of a future specialist involves the priority use of educational technologies for teaching 
speech communication, identified on the basis of a combination of pedagogical and information 
and communication technologies. Among such technologies in relation to learning model, the 
following can be distinguished: learning in collaboration, role / business games, problem learning, 
case study technology.  
 
The use of these technologies in teaching foreign language means “the socialization of future 
specialists and seems quite relevant and justified due to the following reasons: 

• shifting the focus of the educational process from mastering skills, skills, gaining 
knowledge to the formation of professional and general cultural competencies orients us to 
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such an organization of training that will contribute to the effective development of the 
individual's thinking abilities, professional flexibility, mobility, adaptability; 
• modern requirements for a public relations specialist who has the ability and readiness to 
enter a foreign language cultural and linguistic environment in the process of solving 
professional problems, to build his own communicative behavior in the complex of all its 
components, adequate to the sphere and situation of professional communication. 
• teaching communicative behavior as a macro means of socialization, organized using the 
selected technologies, contributes to the formation of professional and communicative 
skills”.  

 
The sociocultural approach presupposes such a construction of the educational process in which 
close interaction of a foreign language and the culture of its speakers is carried out. “Modern 
requirements for specialists who are capable and ready to carry out their professional activities in 
a foreign language environment, adapt their communicative behavior in accordance with the 
communication situation and linguocultural affiliation of the interlocutor (interlocutors), socialize 
in the established professional community orient us towards building a process of teaching a 
foreign language, aimed at forming intercultural competence of students for the implementation 
of future professional functions in any - native or foreign - environment. [6]. 
 
“Teaching of classical languages, as an interpretation of religious texts, is not conceivable without 
cultural commenting. In the teaching of living languages from the end of the fourteenth century, 
along with oral speech, the acquaintance with the realities of the country of the language being 
studied is put on the first place. Education by means of a foreign language presupposes knowledge 
of the culture, history, realities and traditions of the country of the studied language. "The appeal 
to the problem of studying language and culture is not accidental at the same time, since it allows 
to successfully combine elements of regional studies with linguistic phenomena, which act not 
only as a means of communication, but also as a way of acquainting learners with a new reality 
for them. The theories of "Linguistic culture" emphasize that this direction, combines, on one 
hand, language training, and on the other - gives certain information about the country of the 
language being studied. [7] 
 
Therefore, talking about the inclusion of elements of regional geography in language teaching, 
but this is a qualitatively different kind of inclusion compared to general geography. S.G. Ter-
Minasova, defining sociolinguistics as a branch of linguistics, studying the conditionality of 
linguistic phenomena and language units, believes that linguistic studies are a didactic analogue 
of sociolinguistics, developing the idea of the need to merge teaching a foreign language as a 
combination of forms of expression with the study of social and cultural life of native speakers. 
[8] 
 
According to the scientists, “formation of linguoculturological competence, like any competence, 
presupposes activity nature of knowledge and skills acquisition, which, in turn, requires 
intensified independent cognitive activity of students, involving them in research and project 
activities. In the educational process, linguoculturological competence is projected to be 
linguoculturological knowledge to acquire, developed linguoculturological skills and qualities of 
a language personality, reflecting their ability to perceive cultural facts.” [9] 
 
Formation of linguoculturological competence requires consideration of regional and 
ethnocultural factors, use of modern educational technologies, and involvement of students in 
research and project activities, which lays the groundwork for productive development of the 
intellectual, creative, and value potential of a language personality. 
B.V. Belyaev proposes to call linguistic studies “an aspect of the methodology of teaching foreign 
languages, which explores methods of introducing students to a new culture for them.” [10] This 
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methodology is based on emphasizing and highlighting the links between the national language 
and national culture , on the attention to the fact that natural conditions, geographical location, 
level and specialization of the national economy, the course of historical development, the nature 
of social structure, trends in social thought, science , art and ideology of society - all the big and 
small features of the life of a people and their country are reflected in the language of this people, 
and the language itself is a source of regional geographic information. 
       
Thus, at one time it was justified to introduce the discipline called “linguistic and regional studies” 
into the program of linguistic universities, related to “the need to master linguistic and regional 
material and the formation on this base of linguistic and regional competence, which involves the 
use of cultural knowledge in speech and understanding the speech of a speaker. [11] 
Consequently, linguistic and regional studies are parts of regional studies, but in which the facts 
of culture are studied not by themselves, but in their reflection in the facts of language and speech.   
  
In the 90s of the twentieth century, the realization that language is not only a system of multilevel 
units, but also history, culture, traditions, the spirit of the people, led to the formation of a new 
scientific discipline that is linguoculture study which arose at the intersection of linguistics, 
regional studies and cultural studies and exploring the manifestations of the culture of the people, 
reflected in his language, how the diverse forms of being of various ethnic groups are reflected 
and fixed in the language. With this approach, language is understood simultaneously as a product 
of culture, and as its most important component, and as a factor in the formation of cultural codes. 
In other words, language acts as one of the fundamental foundations of the existence and 
functioning of culture. The idea of the need for cultural studies by means of a foreign language 
gradually begins to acquire an axiomatic character, while the main goal is to achieve linguistic 
and cultural competence, which assumes that the recipient has the skills and abilities to correlate 
the meanings of words with ideas that are associated with extra-language experience, extra-
language realities, and sociocultural context. 
 
The main criterion in this case is how much this or that linguocultural knowledge can really 
contribute to enrichment of sociocultural worldview and prepare for intercultural communication. 
Cultural studies by means of the language being studied is a prerequisite for preparing for 
intercultural education. So, the theory of intercultural communication is considered to be the 
combination of linguadidactics, linguistic and cultural studies and background knowledge (Fig.1). 
 

 

Fig. 1. Theory of intercultural communication 

In the modern methodology of teaching FL, ownership and the process of mastering foreign 
language communicative activity is qualified as intercultural communication. A number of 
authors interpret intercultural communication as an adequate mutual understanding of 

204



communication participants belonging to different national cultures. The most complete 
definition of intercultural communication, according to N.V. Baryshnikov, was formulated by I.I. 
Khaleeva: “Intercultural communication is a set of specific processes of interaction between 
people belonging to different cultures and languages. It takes place between interaction of partners 
who not only belong to different cultures, but also are aware of the fact that each of them is 
“different” and everyone perceives the foreignness of the “partner”. [11]  
 
From this definition, it becomes obvious that intercultural communication is a skill being very 
complex in nature and laborious to master. Serious preparation is required to enter intercultural 
communication. It is no coincidence that translators are called specialists in intercultural 
communication who provide communicative interaction of people belonging to different 
languages and cultures, removing the partner’s speech “foreignness”. Intercultural 
communication, providing mutual understanding of the interlocutors, requires sufficient 
background knowledge, a sociocultural background, in the context of which the studied foreign 
language is functioning, for those who are communicating in foreign languages. 
 
3. Impact of Information technologies on the Formation of Intercultural Communicative 
Competences of Students 
 
Modern ICT provide additional opportunities for the formation and development of not only 
language and information, but also the intercultural competence of the student. The effect of their 
application depends on the professional competence of the teacher, the ability to include ICT into 
the learning system, creating positive motivation and psychological comfort, contributing to the 
development of speech and non-speech skills and abilities, as well as providing freedom of choice 
of forms and means of activity. ICT are among the effective means of teaching teachings 
increasingly used in teaching philological disciplines, as they contribute to the activation of 
students' thinking, allow them to work most productively. Most often in educational process used: 
email, discussion groups (teleconferences, Wikipedia, mailing lists, web forums), Internet 
conferences, ezines, electronic libraries, chat rooms, instant service military mail, multiplayer 
worlds, websites, or the World Wide Web. (Fig.2) 
 

 

Fig. 2. ICT in educational process 

ICT are the technological backbone international information exchange, they create didactic 
conditions for developing personality, for the development of information noisy, communicative, 
intercultural competence awning. 
 
The process of formation of intercultural communicative competence of students is carried out in 
accordance with its structural components. In the course of “work on the formation of the general 
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cultural component of this competency by means of information technology, which implies the 
possession of cultural knowledge and a set of values inherent in various countries and also 
following ethical and etiquette rules and norms of a foreign language culture, students can be 
offered various types of activities” [12]: 

-  watching videos or listening to audio files containing regional or sociocultural information, 
information sites like BBC, CNN, Kazakhstan Tengri. news, YouTube provides unlimited video 
clips. Many country-specific materials are offered by other Internet sources;  

- individual and group familiarization with sociocultural and regional information in the 
classroom through authentic textual material, familiarization with foreign cultural realities using 
specially selected sites containing relevant information. For example, when studying the topic 
Cultures on the Business English course, students got acquainted with information about the 
cultural values of the United Arab Emirates, Italy, Spain, Korea and the USA, and conducted a 
comparative analysis of them with the values inherent in Kazakhstani culture; 

- the implementation of search or research electronic project tasks for the study of foreign 
language culture, which could be presented in the form of a presentation in Power Point, Prezi, 
Word text, in the form of a personal essay and mini-project; 

- conducting negotiations online or in the form of video conferencing using the Skype system, 
Microsoft Teams, ZOOM, with native speakers on various topics related to other cultures. The 
topics of such conversations could be: the problem of the emergence and overcoming of 
stereotypes, hospitality, traditions and customs of other countries; 

- work with mobile applications such as Kahoot and others, applications for textbooks also 
allowed to expand students' sociocultural and country studies knowledge. 
  
The following means of information and communication technologies could be also used to form 
intercultural competence: 

- E-mail, chat rooms, social networks, blogs, intercultural forums that provide foreign-language 
communication between participants in the educational process and intercultural communication 
with native speakers in a virtual intercultural space; 

- the use of special information sources - electronic dictionaries, on-line dictionaries, grammar 
guides, encyclopedias, programs for the formation of lexical competence; 

- participation in various webinars, online training courses (MOOCs), 

- non-specialized information sources that makes it possible to "plunge" into foreign cultural 
reality and to join it. Such resources included language social networks, web magazines and 
newspapers, related sites, movie scripts (script); 
   
4. Results and Conclusion 
 
The results of the use of information technologies obtained led to significant personal positive 
changes. First, their interest in English language increased as well as motivation for fluency, due 
to the ability to communicate with native speakers on social networks; the importance of his 
erudition increased, including 
sociocultural and country studies, as chatting are very often touching various thematic issues; 
there was a development of speech culture and culture of communication on the Internet, the exact 
choice of communication strategies; the implementation of a tolerant and empathic attitude 
towards other cultures.   
 
In the field of international relations, a wide range of topics has been studied in detail by 
sociologists, political scientists, and lawyers. The rapid development of communication means 
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has radically changed international relations and proved that these changes are related to the 
phenomenon of communication and determine the way of studying international communication. 
Based on the objectives of teaching specialists to participate in international communication, the 
article contributed to the definition of the main meaning-generating role of a language (foreign) 
as a carrier of ideas or components of ideologies, as a channel for transmitting information;  
confirmation of the necessity to form skills of intercultural communication through a complex of 
Sciences: Language Pedagogy, culture-through-language studies, socio-cultural studies, 
intercultural communication; clarification the concept of intercultural communication, 
consideration of the definitions of this phenomenon by various linguists and analyses of the 
components of communicative, linguo-cultural, socio-cultural, and intercultural competence.  
 
Thus, general cultural education and the process of developing intercultural competences based 
on examples of studying foreign languages and on the basis of information technologies should 
introduce into the minds of every educated person ideas about some general, universal principles 
of sociocultural regulation and at the same time about the specific implementation of these 
principles in each culture. 
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Abstract: In this work there are described the stages of preparing and establishing a new 
information system in vocational educational services on the example of Georgia, which is 
taking place nowadays too. The purpose of a new information system is to support the 
institution to organize work with the help of convenient and easy learning interface, which will 
be available for all interested people.  
 
Keywords: automated information system model; vocational education 
 
1. Introduction 
 
In the modern world information has become one of the most important resources and 
information systems are necessary instruments in every field of practical work. Various tasks, 
which are solved with the help of an information system led us to different kinds of information 
systems. Formation of information systems is the result of objective process, which is called 
scientific-technical revolution. 
 
2. Analysis of the Research Held for Establishing an Information System Model  
 
Technical means and humans take part in automated systems while processing information. In 
this process hard and routine works are done by technical means, humans do processing, 
methodology and algorithmic processes. 
 
Our purpose is to establish such a flexible information system, which will provide complex 
solving of organizing tasks with the information integration, or in other words, it will give an 
opportunity to employees in a vocational field to perform their job remotely too, to 
communicate with different groups working in the system and it will be available for all 
interested people.   
 
It is known that information systems, according to automation of information processing degree 
are divided in the next categories: 

• Manual processing 
• Automated 
• Automatic  
 

Information systems established by us belong to automated system category, where technical 
means and humans are involved in the process of information processing. In this process hard 
and routine works are done by technical means, humans do processing, methodology and 
algorithmic processes. 
In order that information system fully fits challenges and requirements in Georgian Vocational 
Education system, the following work was held: 
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 Has been acquainted with information systems in Georgia and analyzed; 
 Has been carried out the research “What kind of information systems are used and how 

intensive are they utilized in Vocational Education Management” - with participation of 
vocational education institutions and analyzed. [1] 

 
Has been gained important information as a result of completed work and we offer short 
analysis below: 
 

• Information systems in Georgia were searched and analyzed. The purpose of the listed 
systems is to develop a database of general and vocational education providers in the 
educational space of Georgia and provide it to stakeholders. These databases are created 
on the basis of information provided by institutions, which also have access to their own 
data, they can change it, for instance, increase the contingent, add a program and etc. 

 
• The research "What type of information systems are used and how intensive their use is 

in the management of vocational education" was conducted with the participation of 
vocational education institutions and was analyzed. [1]  

 
There are independent public and private vocational education institutions in Georgia, which are 
called colleges. Vocational education programs are also implemented by higher and general 
education institutions. People take up the profession (regardless of their age) not only as a result 
of passing professional modules, but also after completing a full educational program. 
 
These programs are one-year, two-year or three-year programs. The students take the general 
modules together with professional modules, such as entrepreneurship, communication, 
quantitative literacy, foreign language, etc., to develop full competence appropriate to the 
profession. The aim of the purposed information systems is to make the management of the 
institution more comfortable and convenient with the help of an electronic system. The system 
consists of 3 main blocks: for administration, for teachers and for students. Each category will 
have access to the subcategories, in order to consider, the structure of the vocational education 
institution. For example, if the administration has the full access to human resources, it will be 
able to post its hourly workload, tariffs and various data online. The student in the same 
category, "Human Resources", will have access only to the part, where there is a short 
information about the teacher, who will guide any modules in this system. Also, if for internal 
verification, the Quality Assurance Service develops questionnaires for students - it will be able 
to carry out the process online, for instance, design and content, record results, present statistical 
data in the form of diagrams and etc. The student will only have access to fill in the 
questionnaire and get acquainted with the results. Blank forms will be uploaded in the system, 
which can be filled in electronically by the relevant structure. This will greatly simplify the 
institution’s internal management. 
 
The information received as a result of the completion of the work was analyzed and a brief 
analysis is offered below: 

1. Georgian Education Management Information System www.emis.ge was designed in 
2012. Its mission is to provide educational system with leading technologies and resources for 
the best education and management. Basically, electronic bases and information about 
educational institutions and data statistics are placed in the system. The following information 
system used by vocational education institutions is evet.emis.ge. You can log on with the help 
of username and password. Information bases are placed by state and private vocational 
institutions in the system. There are students’ field according educational programs, also there is 
information enrollment, giving or stopping status. Also, you can see authorized list of accepted 
programs and students’ limited amount according professions. Here are also indicated teachers 
who provide vocational programs. Only administration members have access to this portal. 
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There is a vocational education institution portal vet.ge. Vocational education standards, new 
vocational frame documents, the catalog of vocational professions, information about students’ 
enrolling procedures, private and state educational institutions which implement vocational 
programs, the institutions that put this into practice, legislative bases and resources related to 
vocational education system are placed in this portal.  Teacher’s guide, student’s textbook, 
which are designed with the help of Georgian National Centre for Educational Quality 
Enhancement, to introduce modular programs. Basically, Portal has informational purpose and, 
in some cases, communicational as it is possible to ask questions electronically. 

2. What kind of information systems are used and how intensive are they utilized in 
vocational education management? – The research was carried out to analyze this question 
(research rules were fully regulated). 24 vocational institutions took place in this research.   
 
The questionnaire was sent to them in electronic form and given a reasonable period of time to 
respond. 18 out of 24 institutions sent the completed questionnaire. 
Below you will find answers to the questions of the respondents and how the results were 
distributed: 
1. Which centralized information systems do you use in the functioning of a vocational 

education institution? 
a)  Vet.ge b) evet.gec) emis.ged) other 

The answers were distributed in this way (Fig. 1): 

 

Fig. 1. Chart for the first question 

2. For whom are the information systems indicated by you available among vocational 
education leaders? 

 
A) for administration 
B) for teachers 
C) for students 
D) for all interested people 

 
The answers were distributed in this way (Fig. 2): 

 

Fig. 2. Chart for the second question. 

3. Do the proposed information systems fully respond to the requirements for vocational 
education? (Fig. 3) 

 

other 
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a) Fully b) no c) partially 
 

 

Fig. 3. Chart for the third question 

 
4. In what ways do you think new information systems can help you? (Fig. 4) 

 
A) in management of institution 
B) in compiling a study timetable 
C) in assessing students 
D) in attracting contingent 
E) Other _______________ (please specify) 

 

 

Fig. 4. Chart for the fourth question 

The diagram shows that the vocational educational institutions mostly need help in organizing 
student assessment through information systems. 90% of respondents state this opinion, the 
numerical index is 16 (from 18 to 0) - which is explained by the peculiarities of the introduction 
of modular vocational education programs in the Georgian vocational education system. The 
following answers are distributed in this way: The new information system will help you 
manage the institution - 14 or 69%, compiling a study timetable - 7 or 30%, attract a contingent 
- 8, or 43%, other 2-5%. 
 
In addition, they express their views on this issue verbally like that: it would be desirable if the 
system was available not only in college but everywhere. The information system will be 
equally accessible to all stakeholders, including students, they will have the opportunity to 
feedback in the system, which will allow the college to work more in a coordinated and 
transparent manner. The system should be flexible, easy to use and easy to understand. It will 
also be important to reflect the student assessment system. 
 
 
3. Key Features of a New Information System 
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Based on the results of the research and many years of practical experience in the vocational 
education system, a new information system model has been developed. The model of the 
information system which was mentioned above is schematically shown like this (Fig. 5): 

 

Fig. 5. Model of Vocational Education Management Information System 

There will be three home buttons in the system, one for administration, another for teachers, the 
third for students. Each category will have access to the categories below them, besides, 
opportunity for vision will be in the subcategories considering the structure of the vocational 
educational institution, which fig.1 is also clearly visible. 
 
For example, if the administration has access to the full human resources, it will be able to place 
its hourly load, the tariffication and a variety of data online. Students at the same category, 
“Human Resources” will have access to only the part where the brief information about the 
teacher will be posted, who will guide the particular modules. 
 
Also, if the Quality Assurance Service will develop a questionnaire for the students-it will be 
able to implement the process, design and content online, account the results, as well as, provide 
statistical data in the form of diagrams. The student will only have access to filling out the 
questionnaire and getting acquainted with the results. [2] 
 
It is clear from the above-described model that for the method of Information System 
Development is selected the waterfall method (Waterfall Model), i.e., the general techniques 
and procedures developing step by step follow the system makers in the process of system 
development. Finally, our aim is to develop such information system model which will optimize 
the input block by the method of optimization. [3] 
4. Conclusion 
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Information systems in the field of Computational Techniques are oriented on end-users of any 
qualification. Therefore, customer attachments for the information system user include a simple, 
convenient and easily digestible interface which will provide end-users with all necessary 
instructions for working with functions, but at the same time it will not allow them to perform 
any extra action. 
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Abstract: Today the Fab Labs or "fabulous labs" are more than just a fabrication lab. They are 
spaces that promote collaboration, promoting innovation. This is accomplished through the 
exchange of information, knowledge and experience between its members and their communities. 
This collaboration is also manifested between Fab Labs, which are grouped, often by their 
geographical location, forming networks. The Latin American Network of Fab Labs called Red 
Lat has been an articulator among the Fab Labs of this region for 10 years, promoting knowledge 
transfer initiatives and active participation of the teams of each Fab Lab. This article presents an 
analysis of the Fab Lab as entities that promote collaboration and co-creation based on social 
impact, where Red Lat, made up of more than 200 laboratories in 20 countries, has been an entity 
that encourages participation, cooperation and the communication. 
 
Keywords: Fab Lab, Collaboration, Latin America, networks, co-creation, digital fabrication 
 
1. Introduction 
 
The main mission of the Fab Lab has been to empower local communities with a base technology 
that allows beginners to produce anything, given a short and didactic introduction to engineering 
and design [1]. Often universities and educational entities have one, where project development, 
innovation, collaboration and multidisciplinary teams are key. In Latin America, the Fab Labs 
Network has been articulating the networks of each country for 10 years, being an articulating 
entity that generates collaboration networks between the different participating countries and their 
laboratories. 
 
In this document, the analysis of the Fab Labs concept, from its creation and objectives, will be 
addressed as the first instance. Then, the start of the Latin American Network of Fab Labs (Red 
Lat) will be considered from its gestation in the Fab Lab Lima and its collaborative instances, 
such as Homo Faber. Finally, the conformation of the Lat Network will be analyzed, identifying 
the participating countries, the number of Fab Labs and the cities represented; identifying the 
modality of participation and collaboration. 
 
2. The Fab Lab concept 
 
Fab Lab or "fabulous laboratory" [2], is a digital manufacturing laboratory, which serves as a 
platform for prototyping physical objects [3], with extensive education [4], [5] and social and 
economic advantages [6]–[8]. Digital manufacturing allows creating highly personalized 
products, such as an artisan system, with the advantages of the industrial system in optimizing 
time and costs [9]. The main mission of the Fab Lab has been to empower local communities with 
a base technology that allows beginners to produce anything, given a short and didactic 
introduction to engineering and design [1]. They emerged in the 2000s at MIT from Professor 
Gershenfeld, who taught a subject called "How to make (almost) anything" in which students 
created their own designs, but without physically obtaining the designed objects. Thanks to the 
first Fab Lab, students were able to make their designs come true [10]. Fab Labs are collaborative 
spaces to stimulate innovation, through the exchange of information, knowledge and experience 
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among their members [4], [8]. In most cases, they are located within an educational institution, 
such as a university or college [11], where they promote education and R&D development. 
 
Fab labs play a new role as "workshops" in which creativity and manufacturing reconnect as new 
spaces for socializing and sharing culture. [12]. They are grouped through the Fab Foundation, 
an entity created in 2009 whose function is to support the creation of new Fab Labs, boost the 
relationship between existing spaces and serve as a point of contact with MIT [13]. Furthermore, 
they are the ones who validate the existence of infrastructure, equipment, and professional 
equipment. The growth of the Fab Labs network has been carried out in a decentralized way, 
where by 2010 there were 45 laboratories in the world, exceeding 1,000 in 2017. 
 
The concept that summarizes the Fab Lab movement in particular is community [10]. Where 
reference is made to the exchange of knowledge, collective and collaborative learning, which 
encourages innovation through new projects. García & Lena in their Fab Lab Global Survey 
(2018), where they characterize the Fab Lab phenomenon, concludes that the use of technology 
together with shared knowledge and the community articulates and fosters the development of 
innovative projects in which they can be involved industries and small businesses. 
 
3. Collaboration as a development model 
 
We move from the Information Society to the Knowledge Society, where collective intelligence 
is the key, collaboration being a fundamental pillar, generating a new paradigm [14]. 
 
In the innovation process, collaboration is identified as essential. A collaborative or collaborative 
culture is one in which the organization and the character of the people invite to participate. 
Fostering a culture of collaboration requires creating conditions for participation. This concept is 
defined as “collaboration of people who pursue the objectives defined by them” [15]. Therefore, 
in a collaborative process in which the habitants are part of the process of creation, design and 
construction, that is, they are active agents from the beginning of the process and communicate 
their ideas based on common objectives.  
 
One of the main concepts that define the emerging economy are the levels of accessibility and 
coverage through collaboration. Rachel Botsman defines five principles that combine transactions 
in a collaborative economy: shared, fluid, simple, empowered and efficient access [16].  
 
The Internet provides mutual and spontaneous cooperation that allows building a layer of 
collaboration between people parallel to the conventional market, pushing or expanding its 
borders towards collective and individual development, opening channels that generate new 
models that are virtually coordinated and that seek scenarios of community coexistence [17]. The 
natural expression of the internet is built on a distributive and collaborative platform, promoting 
production among equals, a phenomenon known as the management of the commons [18]. 
 
The commons refers to a new mode of production between equals, within a digital environment 
connected to the network. [19] where the main thing is the interaction of a collaborative group of 
people on a large scale motivated by various interests [20] and where the interest of the 
community prevails over the private interest [18]. A symbol of the commons is the origin of free 
software, which is based on a creative and collaborative culture, giving the opportunity to generate 
platforms from the construction of diverse people, allowing users to execute, copy, distribute, 
study, change and improve the software. The commons theory in the digital age is perceived as 
part of a broader cultural phenomenon, favoring a transparent, non-hierarchical and collaborative 
culture, where it will coexist with the capitalist market [20]. 
The new approach places the user as an object of study, empathizing with their daily lives, their 
pains and joys to obtain vital information for the creation of new proposals. From this, the concept 
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of "co-creation" emerges. Co-creation is defined as a systemic process in which new solutions are 
created with people and not for people [21]. A new knowledge (mainly qualitative) is generated 
collectively and involves innovative dynamics to find solutions in an unconventional way, either 
through the development of a new solution or a new approach that simultaneously incorporates a 
wide variety of actors: companies, organizations, government, academia, among others [22]. 

Co-creation requires trust bonds, profiling in learning networks and creating instances of support 
among the participants [23]. For this reason, collaboration becomes a structural axis, promoting 
citizen participation, with the aim of innovating from an economic, social and environmental 
perspective. 

4. Latin American Network of Fab Labs

Fab Labs are implemented in Latin America along with the entry of new digital manufacturing 
technologies, mainly to Universities. Since 2007 initiatives have been viewed by academic groups 
based on their experience and results of master's and / or doctoral studies. It is not until 2009 that 
the first MIT Fab Lab was installed in Lima, Peru, promoting the model of manufacturing 
laboratories of the Center of Bits and Atoms of the Massachusetts Institute of Technology (CBA-
MIT). It was baptized under the name of Fab Lab Lima, and in which in later years the Latin 
American Network of Fab Labs would be created. [9] 

In 2011, the Rhino Fab Lab, created by McNeel Associates, a company that produces Rhino and 
Grasshopper, is installed in Medellín, Colombia, and they were initially established as an online 
support group for users of their applications who need to manufacture their designs [9]. 

The Fab Lab Lima was created under a knowledge and technology transfer program by the 
Spanish Agency for International Development Cooperation (AECID) and promoted by the 
Institute for Advanced Architecture of Catalonia (IaaC). At that time, Tomás Diez, representative 
of the IaaC and the Fab Lab Barcelona, developed training courses to train leaders to formulate 
new Fab Labs in the region. In this educational program called FabAcademy, it is where Benito 
Juárez and Víctor Freundt are selected as coordinators of the Fab Lab Lima and the investment is 
made to purchase equipment for the National University of Engineering in Lima [24]. In this way, 
the first Latin American Fab Lab is implemented, to then to create in 2012 the UNI Fab Lab, also 
corresponding to the National University of Engineering and in 2013 the TECSUP Fab Lab, 
corresponding to the Institute of Higher Education of Peru. 

Between 2015 and 2018, the growth of Fab Labs in South America remained annually at around 
8%, while world growth in the same period was 134% [25]. Digital manufacturing laboratories 
in Latin America face four adverse factors: Economic; Management and Maintenance; 
Administrative and Educational [24]. 

Regarding collaborative development between Latin American Digital Manufacturing 
Laboratories, the Homo Faber 1.0 proposal is identified: Digital Manufacturing in Latin America, 
corresponding to an initiative by Gabriela Celani of the State University of Campinas, Brazil. 
(UNICAMP), Professors David M. Sperling, from the University of São Paulo (USP) and Pablo 
C. Herrera from the Peruvian University of Applied Sciences (UPC). This was the first instance
of the exhibition of the development and potential of digital manufacturing in Latin America,
where 24 works from established and emerging laboratories from six South American countries
that were created between 2005 and 2014 were presented. The exhibition was held in July 2015
in Brazil, in the first instance at the UNICAMP Science Exploration Museum, then at the USP
Institute for Advanced Studies in São Carlos and finally at the Convention Center of the Federal
University of Santa Catarina (UFSC). Until then, the exhibition represented the main effort to
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systematize, categorize, and present digital manufacturing processes and dynamics in the areas of 
architecture, design, and construction design  [26]. 
 
In November 2018, at the Cultural Center of the University of São Paulo, Homo Faber 2.0 was 
held, where the objective is to link politics and society, identifying the potential of digital 
manufacturing and its impact on communities. According to the selection, nine Latin American 
countries were represented with a total of 37 projects distributed according to: Argentina (3), 
Brazil (16), Chile (5), Colombia (4), Costa Rica (1), El Salvador ( 1), Mexico (2), Peru (4) and 
Uruguay (1) [26].  
 
Based on the concepts and projects exhibited in these exhibitions, the development model of Fab 
Labs in Latin America is visualized, which is associated with solving local problems, often using 
references from other places, but implemented under a local reality and identity, proper to your 
country and community. 
 
According to the development model of the Latin American Fab Labs, during 2017 the 
International Conference and the Symposium of the Fab Lab Network: Fab 13: Fabricating 
Society, was held in Santiago de Chile, where the main focus was to promote Latin America as a 
region focused on social development [27]. At this event organized by Fab Lab Santiago, in 
conjunction with the MIT Center For Bits & Atoms, Fab Foundation and Design school of the 
Pontificia Universidad Católica of Chile, members of the more than 1,000 Fab Labs from around 
the world met to share, discuss and collaborate around global and local issues related to digital 
manufacturing, innovation and technology. 
 
In this version, the central theme was "Manufacturing Society" and three objectives were 
established: to present successful projects that create a high social impact, to position Chile as a 
Global Center for innovation and entrepreneurship, in addition to socializing and expanding 
progress technology to the community. For this, six strategic themes were determined: City, 
Housing, Innovation and entrepreneurship, Environment and Energy, Education and 
Decentralization [28]. In relation to the results obtained, it was possible to gather 25,000 
attendees, of whom 850 were international. 72 technological prototype projects were presented 
and 41 highly complex technical workshops and 25 digital manufacturing workshops for children 
were held. 
 
Currently, the Latin American Network of Fab Labs is present in 20 countries of the continent, 
grouping various Digital Manufacturing Laboratories according to the country in which they are 
located. Table 1 identifies the number of active Fab Labs per country according to the update 
made by the Fab Lat Network. 
 
According to the results, 20 countries are identified that make up and participate in the Latin 
American Network of Fab Labs, with a total of 251 Digital Manufacturing Laboratories, 
generating a presence in 103 cities. Most of the laboratories actively participate in the activities 
promoted by the Network, being represented by a coordinator per country, who is responsible for 
communicating and disseminating the activities and initiatives generated by the Lat Network, as 
well as contributing to the Network with the information that is developed in their territory, being 
a bridge of communication and participation among all the Fab Labs. In the operational phase, 
weekly meetings are held in virtual format between the coordinators of countries to establish 
instances of communication, collaboration and cooperation between the various countries and 
their laboratories. In this way, the identification of need new perspectives of development is 
given, which from other contexts or countries, promote the implementation of instances of co-
creation and collaboration, generating new projects that will contribute to a positive impact on 
society. 
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TABLE I.  Number of Active Fab Labs by Country and Number of Cities Represented 

Country Number of active 
Fab Lab 

Cities 
represented 

Argentina 17 7 
Bolivia 3 2 
Brazil 97 29 
Chile 24 10 

Colombia 14 8 
Costa Rica 6 4 
Ecuador 10 5 

El Salvador 2 1 
Guatemala 2 2 
Honduras 1 1 

México 27 15 
Nicaragua 1 1 
Panamá 4 1 

Paraguay 5 3 
Perú 24 4 

Puerto Rico 5 4 
Surinam 1 1 
Uruguay 5 2 

Venezuela 2 2 
French Guyana 1 1 

Total 251 103 
 
5. Conclusions 
 
The Fab Labs or "Fabulous Laboratories" are collaborative spaces created to stimulate innovation, 
through the exchange of information, knowledge and experience among its members, promoting 
the concept of community. The latter contributes to collective and collaborative learning, which 
is materialized in the development of innovation projects that in most cases solve social problems, 
where technology and digital manufacturing are a means of obtaining results. 
 
Today the user is the object of study, where co-creation is identified as a systemic process to 
create new solutions with and for people. Co-creation requires trust, cooperation and collective 
participation. For this reason, co-creation is key in the collaboration process and is fostered within 
Fab Labs. 
 
The Latin American Network of Fab Labs (Red Lat) was born in 2010, with the creation of the 
Fab Lab Lima in 2009 the beginning of the formation of this Network. Between 2015 and 2018 
the growth of Fab Labs in South America it was slow, being the Economic factor; that of 
Management and Maintenance; the Administrative and Educational are the most adverse to the 
massification of the Fabs at the Latin American level. Among the first collaboration initiatives 
between Latin American Fab Labs, the Homo Faber proposal is identified, where it brings 
together projects around digital manufacturing and associated with solving local problems, often 
using references from other places, but based on the value of identity local, related to the country 
and community. In 2017, the international Fab Labs symposium "FAB13" was held in Chile, 
whose main focus was to promote Latin America as a region focused on social development. 
 
In 2019, there are 215 Digital Manufacturing Laboratories that belong to the Lat Network, 
representing 103 cities in 20 countries. Where the Network develops a figure of articulator, 
promoting the concept of community and developing various instances of participation and 
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dissemination of the work carried out by the different Latin American Fab Labs. The Lat Network 
has been promoting collaboration between the Fab Lab of the participating countries for 10 years, 
generating virtual and physical instances through mutual and organic cooperation, building new 
channels of participation and knowledge transfer, including Fab Labs, companies, industries, 
governments and society. The final objective is the generation of new initiatives that positively 
impact each country through collaboration. 
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Abstract: The approaches to the development of the concept of a smart laboratory are described. 
The structure of the physical and chemical laboratory of nanomaterials was decomposed. The 
main work blocks and workflows have been highlighted. It is shown that five connected blocks 
can be distinguished in the laboratory structure, two of which are purely software blocks and 
three hardware-software blocks. The main block of such a laboratory is the block “chemical 
synthesis of material”. Two internal and one external cycles organize the laboratory workflows. 
It was shown, that the identified workflow distributions and the modular presentation of physical 
and chemical laboratory of nanomaterials based on the decomposition of its structure made it 
possible to develop the Smart Lab concept for its future development. In Smart Lab form, the 
laboratory is much better suited for use in the educational process, since the visibility of the 
studied processes themselves and the ability to use the data of experiments.  
 
Keywords: Smart Lab, nanomaterials, workflow, decomposition of laboratory structure 
 
1. Introduction 
 
Nanomaterials have a wide spectrum of different applications in industry, environmental 
protection, medicine, energy, and others [1]. Transfer from bulk to nanosized state leads to a 
significantly changing of characteristics of known materials, so the final properties of such 
materials are difficult to prognoses [2]. Effective applying of these materials is based on the 
determined linking between their structures, properties, and working characteristics [3]. Thus, the 
response between industry and research laboratory should be quick. Training some professional 
skills is required for work with nanomaterials, their synthesis and characterization [4]. In this 
connection, the exercise of appropriate specialists has to be close to the tasks of industry 
technologies that are using nanomaterials. Chemistry, physics, and materials science are 
specialities that correspond to the training of the appropriate engineers as part of a university 
program in this direction. Transfer of knowledge acquired by students in university laboratories 
to real manufacturing or scientific laboratories requires a lot of time and significant investment 
[5]. It is mainly due to the different principles of planning and controlling the experiment in the 
laboratory and manufacturing. Thus, the research in the university laboratory is still manual, but 
the operation in manufacturing is automatic and direct to obtain one final product. Therefore, the 
corresponding dissonance is between skills of experiment planning and designing acquired 
students and stagers in the university laboratory and those skills that they will use in 
manufacturing. In addition, the transfer from large-scale industrial production to small 
enterprises, in particular, to a pilot line for the production of nanopowders, requires the adjustment 
of the well-known learning module for the training of engineers, which is focused on traditional 
types of production. In this regard, the creation of educational platform based on the laboratory 
of nanomaterials of DIPE NAS of Ukraine, which includes a pilot line for the production of 
nanopowders, is a significant step for the implementation of such transfer. Also, this approach 
will accelerate the exchange of knowledge between the university laboratory and production. 
Restructuring of this physical and chemical laboratory of nanomaterials within the framework of 

221

mailto:85300,%20Ukraine,%20Donetsk%20region,%20Pokrovsk,%20Schibakova%20sqr.%202


the Smart Lab concept [6-7] can become an effective method for implementing such a platform. 
 
2. Smart Lab conception: developed ways 

 
Smart Lab concept quickly and firmly enters into modern science and begins to be taken into 
account when creating current scientific, educational, research, and other specialized laboratories 
[6-7]. Sure, partial automation and computerization of laboratories took place throughout their 
entire existence. However, discussion about the development trends of modern research or 
educational laboratory in the 21st century from the traditional (Dark Lab) to the smart (Smart 
Lab), significantly intensified the development of the concept of Smart Lab [8]. This concept 
develops in different directions simultaneously:  
1) In the context of IoT, it is the creation of a software platform that allows switching on and 
controlling the devices of laboratory infrastructure [9].  
2) In the background “PaperLess” it is a creation of a software platform that allows to redirect 
significant document flows and digitize laboratory equipment data from paper to computer. This 
direction refers to the active development and application of a database, storage servers, 
computing, and software packages for data processing in the laboratory, as well as a creation of 
a network to coordinate the individual working stages of laboratory processes [10]. 
3) In the automation context, it is the automation of the individual parts of laboratory processes 
and the creation of a shared network of controlling laboratory equipment [11]. It is noted that 
many enterprises offer block research laboratories in which the investigation is carried out in a 
narrow segment, for example, optics, XRD, biology, others [12]. 
4) In the context of using multiprogramming calculated packet for data processing and analyzing 
of experimental data that is obtained in the individual laboratory, it is a unique program - Origin, 
MatLab, MatCad, HyperChem or other specialized programs [13];  
5) In the context GRID technologies it is a creation of an open, standardized network of which 
provide a flexible, coordinated distribution of computing and storage data resource [14];  
6) In the context, the virtual laboratories where the experimental equipment is absent, it is a 
creation of various simulations that replaced the technical process by virtual [15].    
 
The parts of each of these directions often are an integral part of the development of modern 
laboratories. However, the main task of any research laboratory is the formation of knowledge 
about the nature of the object and the development of skills necessary for working and analyzing 
the data obtained. According to [8], the work of the laboratory is the realization of the process of 
knowledge cycle by the implementation of many methods such as analysis of known scientific 
and specialized literature, planning of the experiment, experimental data obtaining, analytical 
processing, and analyzing of acquired data. The articles, books, conference materials, or other 
types of knowledge dissemination are the finish of this knowledges cycle, and the obtained 
knowledge is coming to a new spiral.  
 
Thus, the structure of the research laboratory or learning laboratory should be based on specific 
laboratory tasks. The research laboratories are strictly classified according to the types of 
particular laboratory tasks, in particular, analytical and measuring laboratory, biological and 
biosafety laboratory, cleanrooms, incubations laboratory, medical and clinical laboratory, pilot 
line, research laboratory, others. 
 
 
3. Analysis of Workflows of Physical-Chemical Laboratories of Nanomaterials  

 
The physical and chemical laboratory of nanomaterials includes a whole complex of equipment 
for materials synthesis, characterization, and measuring of their properties [16]. How to mention 
above, in modern material science, the synthesis and investigation of nanomaterials require a 
quick response to market demand. It leads needing a rapid change of synthesis conditions, 

222



chemical, phase, the granulometric composition of synthesized materials, and it puts forward 
requirements to the speed of the planning and controlling of the experiment, as well as for the 
qualifications of engineers. The synthesis of nanomaterials is based on an understanding of the 
relationship between their structure, characteristics and functional properties. Fig. 1 shows the 
scheme of main blocks and distribution of workflows in the laboratory of the synthesis of 
nanomaterials. They are marked based on an analysis of the work of a laboratory in Donetsk 
Institute for Physics and Engineering named after O.O.Galkin NAS of Ukraine.  
 

 
 

Fig. 1.  Scheme of main blocks and distribution of workflows in the laboratory of nanomaterials 

According to presented information (Fig.1) the main workflows in the physical and chemical 
laboratory of nanomaterials occur between the next main blocks: 

− Block B1 – Storage and analysis of data;  
− Block B2 – Planning of experiment;  
− Block B3 – Chemical synthesis of material;  
− Block B4 – Characterization of synthesized of material;  
− Block B5 – Functional properties measurement. 

The distribution of workflows can be described by two inner closed cycles (small cycle C1 and 
big cycle C2) of workflows and workflows directly related to other laboratories, databases, and 
open scientific space (conference, articles, different types of dissemination). The outer workflows 
may be open or include in external cycle C3. The last includes the transfer materials or some 
results from Block B2, Block B3, or Block B4 to external laboratories for study materials or data 
process and return the data and results from outside to Block B1.  It is noted that the 
computerization of such a laboratory should provide for full support of all processes in it. These 
processes are necessary calculations, the work with database and data storage, visualization, 
analysis program, chemical process control including automation, sensors, others, and also the 
creation and support of a fast exchange of information inside marked Blocks and between them.  
 
4. Block functionality and structure 
 
The task of Block B1 is a collection, storage, and analysis of internal and external data and 
knowledge, and also the exchange of this knowledge in open scientific and industry space. Fig.2 
shows the decomposition of the Block B1 structure.   
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Fig. 2. Decomposition of the structure of Block B1 «Storage and analysis of data» 

Block B1 basis on the database (DB1). This database obtains and storages information. Input data 
of Block B1 are providing: 
- Block B4 provides a characterization of the material that is synthesized in Block B3. Information 
comes in part P1.1.1 of subsystem S1.1 «Data collecting and storage»; 
- Block B5 provides information about the functional properties of synthesized materials. 
Materials are manufactured in Block 3 and characterized in Block 4. Information comes in part 
Р1.1.2 of subsystem S1.1.  
- Cycle C3 provides information from external laboratories (Fig. 1). Information comes in part 
1.1.3 of subsystem S1.1 «Information collecting and storage» and subsystem S1.2 «Data 
processing»; 
- it is information from open space. It comes in subsystem S1.3 «Data collecting and storage».  
 
Information is coming as output digital signal of the equipment of laboratories (for example, IR, 
UV-vis spectrometers, XRD analyzer, others). These signals reflect physical parameters that are 
special for particular equipment (time, voltage, current, wavelength, others). If the equipment has 
its data processing program, then the data can be sent in block B1 as converted to secondary data. 
This conversion is obtained by converting digital data within a mathematical model inside a 
programmed hardware package. Workflows inside Block B1 are: 
- Workflow W1 sends collected primary digital and secondary data from subsystem S1.1 «Data 

collecting and storage» to subsystem S1.2 «Data processing» in which the analysis, 
mathematical processing, data comprise, finding of dependencies between particular data at 
using specialized programs. These programs can be specialized programs of laboratory such 
as licensed programs, for example, Microsoft, Origin, and et all. Results are obtained in 
subsystem S1.2 and stored in it.  

- Workflow W2 sends results are obtaining in subsystem S1.2 in subsystem S1.3 «Exchange 
with open space». Based on these data, the criteria for material synthesis with known structure 
characteristics and functional properties are creating.  

- Workflow W2’ sends results are obtaining in subsystem S1.2 in subsystem S1.4 «Material 
criteria». Based on these data, the criteria for material synthesis with known structure 
characteristics and functional properties are forming. 

- Workflow W3 sends information that is obtaining in subsystem S1.3 for storage in subsystem 
S1.4 «Material criteria». This subsystem S1.4 issues the recommendations in Block B2 
(subsystem S2.1).  
 

Block B1 interrelates with Block B2. The subsystem S1.3 (Block B1) controls access to data and 
exchange between inner personals of the laboratory, and in the crucial case, it provides the 
accessing to external users. Block B1 is a software block.  
 
Block B2 is also a software block. Fig. 3 shows the decomposition of Block B2. 
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Fig.3. Decomposition of the structure of Block B2 «Planning of experiment» 

Input data for this block is an internal laboratory database (Block B1, subsystem S1.4) or an 
external order. Block B2 use the next algorithm: 

-in subsystem S2.1 the criteria of material are described; 
-the workflow W2.1 transfers criteria to subsystem S2.2; 
- in subsystem S2.2 the detailed plan of experiment with a sequence of stages is described 
and the necessary resource and experiment time is also calculated; 
- the workflow W2.2 transfer information from S2.2 to subsystem S2.3; 
- in subsystem S2.3 based on criteria the protocol distribution of workflows in Block B3, 
Block B4, Block B5, and workflows of the launch of the programs of particular blocks, 
transfer of materials, and sending of the database is formed. The information exchange 
between the block management program is carried out through the created protocol of the 
distribution of workflows. Data protocol (S2.3) sends data in subsystem PD3.1 of Block 
B3 (fig.4).  
 

The main task of Block B3 «Chemical synthesis of material» starts the synthesis equipment 
according to the special regime and the controlling apparatus. Fig. 4 shows the decomposition of 
the structure of block B3.  
 
The structure of Block B3 is a hardware and software solution. It contains two hardware 
subsystems S3.1 and S3.2.  

- The first hardware subsystem S3.1 includes the main components of the equipment of the 
pilot line, in particular, motors, mixers, mills, vacuum and peristaltic pumps, water supply, 
washing system (CIP), others. 

- The second hardware S3.2 subsystem includes different sensors of chemical processing, 
namely, pH sensor, a sensor on chloride ions, levels, others. 

 
Input data of Block B3 is data of Protocol (Block B2). The protocol PD3.1 sets parameters of 

protocol «Part for Synthesis». Block B3 use the next algorithm: 
- The workflow W3.1 transfers the control signal to the starting of S3.4 subsystem. 
- The workflow W3.2 transfers control signal to the starting of software of S3.5 «Sensors».  
-  The individual interrelation software subsystems S3.3 «Automatic» and S3.4 «Sensors» 

start the hardware S3.1 and S3.2 subsystems through workflows W3.4 and W3.3 
accordingly.  

- The S3.2 subsystems are starting and controlling through exchange data/control signals 
with S3.4 subsystem (workflows W3.3 and W3.3’). 

- The workflow W3.5 coordinates the data of S3.5 and 3.4. This coordination controls the 
work of S3.1 subsystem through workflow W3.4. 

225



After the stop of work of mention above subsystems (synthesis stop), the synthesized material is 
accommodated and packed in storage (individual box), stage of S3.5 of Block B3. Then the 
material is transferred to follow investigation in the laboratory or customers accordingly to 
requirements of protocol from S.2.3 (fig.3). 
 

 

Fig. 4.  Structure and distribution of workflows in Block B3 

 The development of elements of the material synthesis block involves combining both existing 
equipment that works offline and the development of new hardware and software solutions that 
allow connecting all equipment into a single controlled system. 
 
Block B4 «Characterization of the synthesized material» is based on a set of physicochemical 
methods for characterizing the finished product, collecting and transmitting digital signals from 
equipment to the database of Block B1 through cycle C1 for their storage and subsequent analysis. 
The input data for this block are generated based on the Block B2 protocol S.2.3. Features of the 
hardware-software solution of this block consist of combining old devices with analogue output 
data and tools with digital output data into one network. Data obtained in Block B4 are sent 
according to the protocol of Block B2 by the corresponding workflows (Fig. 1). 
 
Block B5 - “Investigation of the functional properties of the material” is based on a set of 
physicochemical methods for studying the properties of synthesized material, collecting and 
transmitting digital signals or secondary data from the equipment used to the Block1 database 
through cycle C2 for storage and subsequent analysis. The input data for this block are formed 
based on the Block B2 protocol. Features of the hardware-software solution of this unit consist of 
combining devices with an analogue output and devices with a digital output in one network.. 
Data obtained in Block B5 are sent by the requirements of the Protocol of Block B2 for the 
corresponding workflows (Fig. 1). 
 
5. Conclusion 

 
The considerations explained in this contribution show that the physicochemical laboratory of 
nanomaterials could be described as a modular system of interconnected blocks. Blocks are 
distinguished by the nature of the processes performed within the given block. Blocks can be as 
a pure software solution. For example, it is a B1 «data storage and analysis», as well as an В2 
«Planning of experiment». The B1 and B2 blocks are interrelated. They are based on the analysis 
of the input data in these blocks, formed criteria that link the characteristics and properties of the 
synthesized material with the protocol data. Protocol data describes the work process and 
generated the number and sequence of workflows in the laboratory. A task of these blocks is the 
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formation of a protocol of synthesis criteria and a protocol of the working process in the 
laboratory. Blocks built as a hardware-software solution; for our case, they are blocks B3 
“Chemical synthesis of material”, B4 “material characterization”, and B5 “functional properties 
research”. In terms of their tasks, the Block B3 “material synthesis” and the Block B4 “material 
characterization” and Block B5  “functional properties research” differ not only in their goals but 
also differ in hardware and software solutions. The block B3 is the most complex in structure 
since it contains at least two dedicated hardware subsystems S3.1 and S3.2, which at first glance 
can be controlled independently within two different software subsystems S3.3 and S3.4, 
accordingly. However, for effective control of the synthesis process, data exchange between these 
software subsystems S3.3 and S3.4 must take place. It is noted that the structure of the block B3 
“material synthesis” requires further more detailed decomposition to create an effectively 
integrated scheme to control the operation of this block. It is shown that the identified workflow 
distributions and the modular presentation of this physical and chemical laboratory of 
nanomaterials based on the decomposition of its structure made it possible to develop the Smart 
Lab concept for its future development. Smart Lab concept includes not only automation of 
individual processes, creation of software subsystems integrated into a single network, different 
IoT elements, tools for perfect data collection, data analysis and processing, Paperless 
technologies, but also the launch of an educational and scientific platform on its basis. The 
educational and scientific platform needs for fast transfer and exchange of knowledge between 
research laboratory and industry. In this form, the laboratory is much better suited for use in the 
educational process. Since the visibility of studied processes themselves and the ability to use the 
data of experiments in training are increasing. It should also be noted that this approach provides 
a field of activity not only for specialists in the field of chemistry, physics, and materials science 
but also allows computer specialists to improve and develop their skills. 
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Abstract: Every inhabitant of a big city inhales smog. Internal combustion engines in cars emit 
carbon dioxide, carbon monoxide, nitrogen oxides and many other gases during operation. In 
recent years, humanity has begun to look at electric cars in a new way. After all, in the process 
of operation there is no combustion of fuel, and move due to electricity. That allows to reach 
zero emission. But they do not finally solve the problem of air pollution from transport and 
create new challenges for the energy sector. 
This article discusses the environmental rationale for a project to create a charging network for 
electric cars that will charge electric vehicles with alternative "green" electricity. The article 
presents the results of a literature review on the rationale for the use of alternative energy for 
charging electric vehicles. 
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1. Introduction 
 
Air pollution occurs when harmful substances are introduced into Earth's atmosphere such 
ammonia, carbon monoxide, sulfur dioxide, nitrous oxides, methane and chlorofluorocarbons. It 
may cause diseases, allergies and even death to humans. It may also cause harm to other living 
organisms such as animals and food crops, and may damage the environment. Both human 
activity and natural processes can generate air pollution [1]. 
Vehicles, power generation, building heating systems, agriculture / waste incineration and 
industry are reported as key sources of pollution. Policies and investments to support cleaner 
transport, energy efficient housing, power generation, industry and better urban waste 
management can quickly reduce the primary sources of air pollution. 
 
Air quality is closely related to the Earth's climate and ecological systems around the world. 
Many of the air pollution factors (i.e. combustion of fossil fuels) are also sources of large CO2 
emissions. Therefore, air pollution abatement policies offer a “win-win” strategy for both 
climate and health, reducing the burden of disease associated with air pollution, and 
contributing to short- and long-term mitigation of climate change [2]. 

 
2. Electric Car Environmentally Friendly? 

 
In 2018, sales of electric vehicles and rechargeable hybrids grew by 64%, but in 2019, growth 
fell to 38%, according to the electric automobile world sales database EV Volumes [2]. The 
Tesla Model 3 was the best-selling electric car - 145,864 units were sold in 2018. 
 
This model was chosen as an object by a group of German scientists from the IFO Institute for 
Economic Research (Munich, Germany). Comparing the processes of production and operation 
of Tesla 3 and diesel Mercedes-Benz C220, the authors of the study concluded, that electric cars 
in today's situation will not help reduce CO₂ emissions. [3] The IFO study emphasizes: the 
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findings of the researchers are valid only for the current situation, when in Germany almost 
50% of the energy is produced in power plants operating from fossil sources. 
 
The authors of the study believe that including electric cars in the list of vehicles with zero CO2 
emissions was a premature decision in the EU, since this means that electric cars do not 
generate such emissions. The reality is that in addition to the CO₂ emissions generated by the 
production of electric vehicles, almost all EU countries also generate significant CO₂ emissions 
while charging vehicle batteries. According to the European Environmental Protection Agency 
(EEA), the growing popularity of electric vehicles in Europe will be a real challenge for energy 
producers. If by 2050 80% of vehicles in Europe will be powered by electricity, then 
additionally 150 GW of electricity will be required to charge them. Electricity consumption by 
electric vehicles as a whole will increase from 0.03% in 2014 to 9.5% in 2050. [4] 
In summary, IFO researchers are critical of the discussion on electric cars in Germany, which is 
centered around battery-powered vehicles. They note that other technologies also have great 
potential and are less harmful to the environment. [5] 
 
Electric vehicles powered by hydrogen or methane continue to emit slightly higher CO₂ 
emissions than battery powered vehicles. However, this disadvantage will translate into an 
advantage if the German electricity system moves faster towards renewable energy, because in 
this case, low energy efficiency will become less and less important. Today, combustion 
engines made from fossil methane already have very low CO₂ emissions. They have every 
chance of becoming the perfect “bridge” to green methane vehicles [4]. 
In Singapore, there have already been precedents proving that electric cars are not as 
environmentally friendly as their manufacturers claim. In 2016, the country's Land Transport 
Commission (LTA), after testing the Tesla Model S, concluded that the manufacturer's emission 
rating is not true. Although the electric car alone does not pollute the atmosphere, LTA has 
calculated the amount of carbon dioxide produced in the process of generating the energy 
needed to charge its battery. As a result, Tesla’s energy consumption, according to the 
Singapore test cycle, significantly diverged from the manufacturer’s data, and the owner of the 
electric car was fined $ 10 thousand, and the electric car was classified as an environmentally 
harmful vehicle. [6] 
 
The world leader in switching to electric cars is Norway (Table 1). Norway boasts of being 
environmentally friendly for two reasons. First, the country buys exclusively electric cars; there 
is no automobile production in Norway. The second - 99% of the energy is generated at 
hydroelectric power plants that do not emit carbon dioxide into the atmosphere during 
production. 

 
TABLE I. Passenger electro car share of total new car sales for selected countries since 2016 [7] 

Country 2019 2018 2017 2016 
Norway 55,9% 49,1% 39,2% 29,1% 
Iceland 25% 19% 14% 4,6% 

Netherlands 13,9% 6,5% 2,6% 6,7% 
Sweden 11,3% 8,2% 5,2% 3,5% 
Finland 6,9% 4,7% 2,57% 1,2% 
Portugal 5,7% 3,6% 1,9% N/A 

Switzerland 5,5% 3,2% 2,55% 1,8% 
China 4,7% 4,2% 2,1% 1,31% 

Denmark 4,2% 2% 0,4% 0,6% 
Austria 3,5% 2,6% 2% 1,6% 

Belgium 3,2% 2,5% 2,7% 1,8% 
UK 3,15% 2,53% 1,86% 1,37% 
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Country 2019 2018 2017 2016 
Germany 3,1% 1,9% 1,58% 1,1% 
Canada 2,6% 2,2% 0,92% 0,58% 
France 2,6% 2,11% 1,98% 1,4% 

United States 1,9% 2,1% 1,13% 0,9% 
Japan 0,8% 1% 1,1% 0,59% 

Global average 2,5% 2,1% 1,3% 0,86% 
 

However, in most European countries, fossil energy sources still prevail over renewable ones. 
For example, in the UK, Italy, Ireland, Estonia, the share of fossil energy sources varies from 
40% to 85%. Great potential for the environmentally friendly transition to electric cars is 
Canada, New Zealand, Brazil, where, like in Norway, most of the energy is generated in 
hydropower plants. 
Despite the growing interest in electric cars, their number in the world, compared to cars with 
internal combustion engines, is still extremely small. In 2018, 996,557 electric vehicles were 
sold worldwide, follows from the electric automobile world sales database EV Volumes [2]. 
Given the rechargeable hybrids, the number of electric cars sold is 2 million 18 thousand pieces. 
A year earlier, 1.2 million such cars were sold, of which about half were sold in China. The 
second largest market in the world was Europe, the third - North America. For comparison: only 
the Toyota auto concern, which includes the brands Toyota, Lexus, Daihatsu and Hino, sold 
10.5 million cars in 2018.  
 
Thus, the transition to electric cars will have an environmental effect only if the energy mix of 
European countries changes towards the use of carbon-free energy sources, the authors of the 
IFO Institute for Economic Research conclude. [3] 
 
Now the capacity of power plants operating on fossil fuels (oil and oil products, natural gas and 
coal) is more than 66% of the total energy balance, that is, two-thirds (Fig. 1). To improve the 
environmental situation in the world, this ratio must be changed. 

 

Fig. 1. Regional electricity generation by fuel 2018 [8] 
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3. Results and Conclusion 
 

A literature review showed that using alternative electric power to charge electric vehicles will 
improve the environmental situation and reduce emissions. Indeed, in many countries, the 
energy sector does not allow to consider electric vehicles harmless to the environment and those 
that do not pollute the environment. At the same time, if the amount of CO₂ emissions from 
electric cars and engines with internal combustion engines is approximately at the same level, 
considering the current energy mix of most countries, the efficiency of energy use by electric 
vehicles is higher, therefore, they emit less greenhouse gases than cars with internal combustion 
engines. According to the electric automobile world sales database EV Volumes [2], the number 
of electric cars is increasing exponentially. And when using the "green" electric energy, they 
become ecologically clean and really have zero emission of harmful substances. Therefore, the 
project of creating a network of charging stations for electric vehicles on which the alternative 
"green" electric power will use is environmentally sound. 
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Abstract: The accumulation of dirt on photovoltaic solar panels greatly reduces their production 
of electricity. Dry areas usually receive more solar radiation; however, they favour the dispersion 
of suspended dust that can be deposited on the flat panels. The need for cleaning tasks within the 
maintenance plans of these energy production facilities has a negative impact on their time and 
cost planning. This study aims to quantify the influence of dirt on electricity production by varying 
the frequency of cleaning. The results show that during the summer (June-September) the 
cleaning should be monthly. However, during the rainy season (October-February) there is no 
significant improvement in production. 
 
Keywords: Photovoltaic projects, cleaning PV systems, dust build-up, renewable energy source 
 
1. Introduction 
 
Southwest Spain regions are a preferred location for solar photovoltaic installations due to the 
solar radiation received (5 kWh/m2-day) [1]. The efficiency of electricity production will be 
greatly improved. However, the accumulation of dust will also be greater on the panels due to it 
is a very dry area [2]. 
 
Maintenance plans for these facilities must include actions to ensure the cleaning of the plate's 
collection surface to improve the capture of solar energy [3]. However, it is necessary to set the 
frequency of cleaning in order to optimize maintenance costs [4]. 
 
The aim of the experiment was to analyse the influence of the periodicity of cleaning the 
photovoltaic panels on production performance. The project was subsidized by the Regional 
Government of Extremadura (file IDA4-17-0005-2) within the framework of Decree 113/2017. 

Fig. 1 shows the research paradigm that led to the monitoring of production in order to minimise 
the costs of both manpower and materials and to quantify the influence of rain. 

 

Fig. 1. Research paradigm 

233



2. Methodology 
 
The electricity production (voltage and current output of the panel and temperature of the cells) 
of four pairs of 270 Wp photovoltaic panels was monitored with a time step of one minute for 
nine months (June-February). An individual 1.2 Ohm load resistor (requesting power at full load) 
and a weather station (temperature and relative humidity of the environment, wind speed and 
direction, and rain) were installed. 

Three cleaning plans were proposed: monthly, quarterly and half-yearly; and a couple as a control 
group (without cleaning throughout the year). the maintenance actions proposed throughout the 
project are illustrated in Fig. 2.  

 

Fig. 2. Approach to the testing (left) and visualization of the quarterly cleaning (right) 

3. Results and Conclusion 
 
The results show an increase in energy production over the control group of 14.82% (24,210.11 
Wh) for the monthly cleaning plan, 8.64% (14,117.44 Wh) for the quarterly plan and 1.91% 
(3,115.54 Wh) for the six-monthly plan. 
 
Fig. 3 shows the monthly production for each pair of panels. 
 

 

Fig. 3. Monthly production 
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The monthly cleaning plan even caused an increase of 35.25% after the summer (September) due 
to the accumulation of dust and lack of rain. The rainy season has reduced production increases 
to an average of 4.67% for the monthly plan, 3.98% for the quarterly plan and 2.16% for the 
semester. 
 
It is concluded that during the summer (June-September) the cleaning should be monthly. 
However, during the rainy season (October-February) there is no significant improvement in 
production. Quantifying the influence of the periodicity of the cleaning plans on the energy 
production allows optimizing the programming of the related maintenance tasks. 
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Abstract: The implementation of a combination of different power generation technologies is 
increasing in off-grid applications. These hybrid systems find a special application supplying 
certain energy demand systems such as irrigation facilities. The aim of this work is to analyze the 
energy and environmental implications of the change of generating technology from diesel 
combustion to a hybrid system involving photovoltaic and a storage system. A drastic decrease 
in fuel consumption has been detected due to the similarity between production and consumption 
profiles. This decrease led to an increase in non-emitted greenhouse gases. This work 
demonstrated the degree of penetration possible for renewables (up to 85%) guaranteeing the 
availability of electricity supply. 
 
Keywords: hybrid-powered irrigation, renewable energy source, CO2 mitigation 
 
1. Introduction 
 
The generation of electricity in areas disconnected from the energy supply network has 
traditionally been carried out by installing diesel generators. Currently, photovoltaic (PV) energy 
is taking over this application due to its adaptability to the demand curve of specific systems, such 
as those for irrigation [1]. 
 
Electricity production increases with solar radiation, as do the water needs of crops. However, 
supply needs with low or no solar radiation require energy storage systems. Installing a diesel 
generator as a back-up makes the storage capacity profitable, making up a hybrid system [2]. 
 
The aim of this work is to analyze the energy and environmental implications of the change of 
generating technology from diesel combustion to a hybrid system involving PV. 
 
2. Methodology 
 
For this purpose, the electrical consumption of an isolated PV (5.5 kWp) with accumulation (8 
kWh) and of diesel fuel from a backup generator (3 kW) for an irrigation system was monitored 
and analyzed for one year (March19-Feb20). 

The irrigation system was composed of two 2.7 HP pumps, instrumentation, control and 
communications, to irrigate a crop field. The hybridization strategy implemented maximized the 
use of direct PV energy to power the loads. In case of excess production, it was used to charge 
and maintain the batteries (avoiding unused energy). The operation of the generating set was 
relegated to a demand higher than the production with the batteries at the minimum recommended 
charge. 

Fig. 1 illustrates the diagram of equipment that made up the power installation before and after 
the incorporation of renewable energies. 
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Fig. 1. Research paradigm 

3. Results and Conclusion 
 
A demand of 5,444.26 kWh was detected throughout the year, of which 2,999.29 kWh (54.96%) 
was provided directly by the PV array, 1,645.93 kWh (30.23%) was demanded from the batteries 
and 806.04 kWh (14.81%) was provided by the generator. 2,295.01 kWh were used to charge the 
capacity of the batteries. 
 

 

Fig. 2. Destination of the monthly PV energy production 

 

Fig. 3. Source of energy consumed by the irrigation system 
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Fig. 2 shows the destination of the energy generated in the array of photovoltaic panels during the 
production monitoring time. Fig. 3 shows the energy contributed by each of the power equipment 
that make up the energy production installation for the irrigation system. 

A 71.72% of this energy was used for the irrigation system (storage efficiency). CO2 emissions 
have been reduced by 84.2% (from 1.26 tons of CO2 to 212 kg CO2). This work demonstrated the 
degree of penetration possible for renewables (up to 85%) guaranteeing the availability of 
electricity supply. 
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Abstract: This study is titled “the effect of total quality management on the sustainability of 
Jordanian construction organizations.” The study aimed primarily to find out the effect of total 
quality management on sustainability. Moreover, it aimed secondarily to offer recommendations 
for decision-makers in Jordanian construction organizations in order to achieve organizational 
sustainability. The analytical descriptive approach was used. The study group was formed from 
all Jordanian construction companies working in the capital, Amman. These companies were 
awarded an ISO certificate and have separate and corporate divisions to manage quality. The 
researcher has used a questionnaire, which was specifically prepared to achieve the study’s 
objectives. After ensuring the validity and reliability of the questionnaire, it has been distributed 
to managers (senior management, medium management), and 250 analyzable questionnaires 
have been returned. The study concluded that there is a positive effect of total quality management 
on organizational sustainability, and this effect was medium. In light of this conclusion, a number 
of recommendations have been made. These recommendations are represented by avoiding 
obstacles to applying total quality management, focusing on internal and external consumers, 
senior management’s support and commitment towards total quality management, building team 
works in a practical way and following global total quality models. 
 
Keywords: Total Quality Management, organization sustainability, construction organizations 

1. Background of Study 
1.1 Problem and Questions of Study   
 
The environment of business construction organizations created opportunities and posed 
challenges to construction industry organizations, which made sustainability a weapon for seizing 
the opportunities and facing challenges. Previous studies indicated that in order for construction 
industry organizations to achieve sustainability, they need a number of requirements, which is the 
first step towards achieving sustainability as not understanding these requirements and not taking 
them into consideration may have a negative impact on sustainability rather than a positive one. 
One of the most important requirements is following new management methods, which enable 
them to progress with the level of sustainability. Previous studies referred to the most notable 
philosophies as a bridge to gain this sustainability, and they are represented by total quality 
management since it forms the base which includes methods, strategies, policies, ways, 
methodologies, means leading to ultimate achieve sustainability [1] – [6]. 
 
Based on the aforementioned, the study problem was formulated in a methodological 
interrogative frame, which is represented as follows: 
 
Is there a statistically significant effect of total quality management, in its various elements, on 
sustainability in construction industry organizations? 
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1.2 Objectives of the study  
 
In light of study problem and its question, objectives of the study have been formulated as follows: 
The primary objective is to find out the effect of total quality management on achieving 
sustainability of construction organizations and it is divided into the following secondary 
objective: reaching conclusions to make recommendations, which help decision makers in 
construction organizations the best application of TQM. 
 
1.3 Hypotheses of the study 
   
In light of study format, the hypotheses of the study have been formulated as follows: 
Primary Hypothesis HA1: There is a statistically significant effect of the elements of total quality 
management on sustainability. 
 
This main hypothesis is divided into the following secondary hypotheses: 
HA1-1: There is a statistically significant effect of the element of concentrating on client on 
sustainability. 
HA1-2: There is a statistically significant effect of the element of continuous improvement on 
sustainability. 
HA1-3: There is a statistically significant effect of the element of participation of employees on 
sustainability. 
HA1-4: There is a statistically significant effect of the element of building work teams on 
sustainability. 
HA1-5: There is a statistically significant effect of the element of focusing on processes on 
sustainability. 
HA1-6: There is a statistically significant effect of the element of prevention of mistakes on 
sustainability. 
HA1-7: There is a statistically significant effect of the element of empowerment of employees on 
sustainability. 
  

2. Literature Review  
2.1  Quality Management in Construction Sector 
 
Quality in construction project is defined as carrying out the project on time, compliance of final 
specifications of the project with the agreed-upon primary requirements, executing the project 
within budget, suitability of contract requirements, environmental protection, practical and 
professional design, production free of faults in all phases of the construction project, cooperation 
between suppliers and contractors, improving the relation between cost and value, increasing 
investment proceeds. Quality requirements are specified by several parties in construction sector 
as referred to: 

• Owner, 
• Legal building requirements and codes, 
• Architect, construction engineer, 
• Domestic and international specifications, 
• Suppliers, 
• Contractors. [7] - [9]. 

 
Total quality management is considered to be a complicated process in the construction sector. 
The obstacles are represented by the following as referred to by several studies [10], [11]:  
 

1. First: obstacles on the level of production, 
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2. Second: obstacles on a technical level, 
3. Third: obstacles on the level of marketing, 
4. Fourth: obstacles on the level of capital, 
5. Fifth: obstacles on the environmental level, 
6. Sixth: on the level of workforce. 

 
There are similarity factors and dissimilarity factors in the application of quality between other 
sectors and construction sector, and they are represented as follows as referred by [12], [13]: 
 
First: points of similarity 

1. All sectors are created to produce products according to particular specifications 
2. All sectors aim to satisfy the customer. 
3. Principles of the used quality (ISO 9000), (Juran, Deming), (Six Sigma). 

 
Second: points of dissimilarity 

1. Every construction project is considered to be a unique complete unit. No projects are 
exactly the same. Construction processes in construction industry differ in each project, 
in addition to massive changes in the details of project design, which creates difficulty in 
achieving production quality. The product is not repeated as it is the case in industry 
sector. 

1. Other products are designed, produced, and offered for customers. However, this is not 
the case at construction sector and this requires a thorough understanding of the 
customer's requirements. 

2. Work team is unchanged in other sectors, where as in construction sector work team is 
formed for every project at a time, which affects the final quality. 
 

2.2 Sustainability in Construction Project 
 
The concept of sustainability in construction projects can be explained through three main trends 
represented by the following as put by [1], [2]: 
 

1. First trend (Yeang, 1995): 
It regards green or sustainable architecture as meeting present requirements without ignoring 
future ones in order to meet them too. 
 

2. Second trend (Abel, 1997):  
It created a model for the new architecture, which is compatible with nature and dependent on 
ecological fundamentals to achieve balance between natural resources and artificial ones through 
technologies to create a sustainable environment using ecological systems and depending on 
smart buildings, i.e. buildings which can do work by itself without dependence on its residents. 
 

3. Third trend: (Foster, 1999):  
It is the creation of architecture which complies with the spirit of age with intellectual orientations 
derived from the use of self-systems in architecture (passive architecture) which use the least 
energy in the building process and sustain the building by saving energy and not using mechanical 
systems, which consume non-renewable energy and release environmental pollutants. 
 
The most central principles underlying the concept of sustainability of the construction sector are 
as follows as referred to by Hong and others [3]: 
 

• Energy conservation, 
• Adaptation to the climate, 
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• Reducing the usage of new resources, 
• Respecting the site, 
• Respecting workers and users, 
• Comprehensive design, 
• Nature simulation in design through learning from nature, 
• The use of nature for ecological considerations. 

 
There are a number of basic approaches in the sustainable process of a construction project as 
referred to by several studies [4], [14], [15]: 
 

1. First Approach: Energy and Water Conservation, 
2. Second Approach: The Life Cycle of the Building, 
3. Third Approach: Human Design, 
4. Fourth Approach: Self-Systems. 

 
3.  Applied Study  
3.1 Methodology of the Study  
 
This study adopted the analytical descriptive approach, where the aspects of phenomenon have 
been described through referring to previous literature, which dealt with the research topic in 
Chapter 2 to identify the aspects that have been covered by previous researchers, and aspects 
which still need to be researched, which enabled the researcher to make a series of plausible 
hypotheses about the studied phenomenon in an attempt to find an answer to it. The analytical 
approach is related to analyzing data, which have been collected through the study's instrument 
(questionnaire) to test and analyze the hypotheses in order to arrive at reasonable answers to the 
study's questions, and reach conclusions about the effect of total quality management on the 
continuity in the construction projects. 
 
3.2  Study Group and Sample 
 
The study group is comprised of all Jordanian construction companies working in Amman. The 
have earned an ISO certificate of quality and have a separate or corporate division to manage 
quality, and they account for 9 construction companies. The number of managers in the sample 
accounted for (320) employees (senior management, middle management). 320 questionnaires 
have been distributed to these companies and 250 analyzable questionnaires have been returned 
for analysis, where the rate for response amounted to (82%). 
 
3.3 Characteristics of Study Sample 
 
Table I shows the characteristics of study sample. As can been seen from the data in Table II, the 
rate of respondent people who occupy senior managerial positions is 28%, while those who 
occupy middle ones is 72%. It is noted that the rate of engineers who occupy managerial positions 
accounted for 33%, which is familiar in construction organizations. Mangers occupy many 
leading positions. The age group that ranged from (30-40) amounted to 70%. The majority of 
respondents hold a bachelor's degree and most of them have 11-15 years of experience. This 
reflects the care of companies keep and attract experienced people. 
 

TABLE I. Characteristics of Study Sample 
Characteristics Rate 

Position  
Senior management 
Middle management 

 
28% 
72% 
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Characteristics Rate 
Job title: 
Engineer 
Manager 

 
33% 
67% 

Age group: 
20-30  
30-40 
40-greater than 40 

 
10% 
70% 
20% 

Educational level: 
Diploma-less than diploma 
Bachelor degree 
postgraduate studies 

 
10% 
80% 
10% 

Experience: 
5-less than 5years 
5-10 years 

 
15% 
25% 

 

3.4 Testing the Study's Hypotheses 
 

TABLE II. Results of Testing Hypotheses of the Study 
Hypothesis Correlation 

coefficient R 
Coefficient of 
determination R2 

Beta 
coefficient 

F F 
significance 

1stmain 
hypothesis 

0.46 0.21 66.174 0.46 0.00 

1st secondary 
hypothesis 

0.56 0.31 0.80 43.31 0.00 

2nd secondary 
hypothesis 

0.39 0.15 0.39 8.81 0.00 

3rd secondary 
hypothesis 

0.52 0.27 0.52 11.90 0.00 

4th secondary 
hypothesis 

0.55 0.30 0.55 28.82 0.00 

5th secondary 
hypothesis 

0.60 0.36 0.60 40.70 0.00 

6th secondary 
hypothesis 

0.40 0.16 0.40 8.60 0.00 

7th secondary 
hypothesis 

0.36 0.17 0.36 7.52 0.00 

 
Before starting to apply the test of regression analysis to test the study's hypotheses, researcher 
did a normal distribution test (K-S) to ensure that the data used in this study are normally 
distributed. In preparation for regression analysis which requires that the data used normally 
distributed. The researcher did the test of variance inflation factor (VIF) in order to ensure that 
there is no  correlation between variables which would decrease confidence in regression model 
.Based on the results of  (K-S), (Z) value for all variables was significant at significance level 
(0.05) and below ,The values ranged from(0.95-1.35) It can be concluded from these values that 
all data used are normally distributed, and Variance inflation factor has been tested, It was less 
than 5 and ranged between (1.070 and 1,433). After checking the data used in this study, the data 
are normally distributed. 
  
3.5 Discussion 
 
The study has reached a number of conclusions, which are drawn from the results of statistical 
analysis. Some of these conclusions are drawn from reading and studying management literature, 
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and studies related to the study's variables. These conclusions are divided into two groups 
depending on that: 
 

• First group: Conclusions related to statistical analysis results were reached by the study 
through regression analysis to test the main study's hypothesis and the secondary study's 
hypotheses, which have been affirmatively formulated. They state that there is a 
statistically significant effect of elements of total quality management whether as a whole 
or individually on organizational sustainability. From the regression results, it is apparent 
that there is a statistically significant effect of total quality management in all its elements 
either as a whole or individually on organizational sustainability and this is clear from 
correlation coefficient (R). As to the effect's nature, it is obvious from Beta coefficient 
(B) that it is a positive effect, as the higher the rate of practicing total quality management, 
the higher the level of achieving organizational sustainability. In addition, it is clear from 
coefficient of determination (R2) that a medium rate of explained variance is attributed 
to total quality management and a medium rate is attributed to other factors. Therefore, 
the study's hypotheses are accepted in its affirmative formulation. This question has been 
answered and this is compliant with the following studies [16] – [19], a hierarchy of 
importance of the different components of Total Quality on Sustainability (element of 
focusing on processes, element of concentrating on client, element building work teams, 
element of participation of employees, element prevention of mistakes, element of 
continuous improvement, element of empowerment of employees). 

• Second group: It is represented by conclusions drawn from reading and analyzing 
theoretical studies and management literature. These conclusions represent that one of 
the most considerable challenges facing business organizations at the moment is the 
construction organizations' inability to achieve organizational sustainability. One of the 
reasons behind that is construction organizations do not apply modern concepts, methods, 
trends, strategies and philosophies as these represent the pillar to succeed in applying 
sustainability strategy. One of the most prevailing philosophies and trends is total quality 
management, and this is compatible with the studies of [20] – [24].  
 

Depending on the study's conclusions, it is recommended that the scientific approach is followed 
to apply total quality management during the application of strategy of organization by 
construction organization through.  
 
Firstly, avoiding the obstacles of total quality management, which are represented as follows: 
 

1. Instability of managerial leadership: Constant change in managerial leadership obstructs 
the application of total quality management philosophy, which cannot be understood and 
applied in a short period of time. Instead, it needs enough time to stabilize, accept and 
practice it. Too many changes in managerial leadership affect the enthusiasm for applying 
this concept. 

2. Construction organization does not give this philosophy enough chance to be applied 
because of resistance to change in application. It is considered to be one of the main 
problems facing construction organizations in which new ideas related to enhancing 
quality are rejected by workers. 

3. Sequence of managerial orders as it inhibits workers' creativity and fuels their fear of 
making mistakes. 

4. The inflexibility of rules and regulations which govern the way work goes in the 
organization. 

5. A weak level of encouragement which leads to a decrease in the level of job satisfaction 
and weakness in organizational loyalty. 
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6. Failure to change the organization's culture as the inability of leadership to change their 
methods and the ways to perform activities creates a difficulty in adopting total quality 
management. 

 
Secondly, construction Organizations that follow total quality management should also do the 
following in order to achieve sustainability: 
 
Focusing on a consumer: by stepping up effort to identify the client's requirements and 
expectations accurately and enhance organizational performance to meet these requirements. 
There are two types of consumers: 
 

(1) Internal consumer: it is represented by workers and managements inside the organization. 
(2) External consumer: it is the beneficiary of the organization's services and the goods they 

supply. 
 
Internal consumer is considered to be the first quality controller and the center of attention of 
service and profit-making organizations and its main source of income so as the concentration is 
not only on external consumer, which the organization devotes its efforts in order to encourage 
them to purchase its products but it should also make their best efforts to invest in internal 
consumer too. 
 
Thirdly, senior management's support and commitment towards the philosophy of total quality 
management. Senior management has responsibility for fostering an organizational culture of 
quality within workers, and encouraging them to serve beneficiaries, satisfy them, and train them 
how to find out their requirements and fulfill them. Training is considered as a way to provide 
workers with knowledge and skills and develop their abilities to carry out their current and future 
professional duties. These programs must include pivots, such as emotional intelligence and social 
intelligence because they contribute to developing the way workers deal with external parties of 
the organization. They also include scientific research pivot, which includes problem analysis 
skill, sample selection skill, analytical skill, reaching conclusions skill, as this pivot helps in 
identifying current and future markets, identifying targeted clients, identifying strengths and 
weaknesses of competitors, identifying opportunities and risks in the environment of external 
organization. 
 
Fourthly, construction organization should build work teams since total quality management 
requires the involvement of all managerial levels in its application. The following rules should be 
followed when building work teams: 

1) Forming work teams from workers who have various abilities and skills, from all 
managerial levels (senior, middle and low) in order to reduce work problems and improve 
the work's quality. 

2) Boosting workers' ability to communicate effectively through developing a process of 
transferring and exchanging information in the environment of internal organization. 

3) Introducing workers to the organization's vision, mission and objectives. 
4) Uniting the objectives of organization and workers as well as openness to international 

experiences in the field of quality through several ways: 
a) Introducing workers to the approach of this philosophy, its organizational 

framework, requirements to achieve it, success conditions, application problems, the 
way to solve these problems and application advantages. 

b) Focusing on quality models provided by quality scientists. These models are 
represented as follows. 

5) Deming cycle: it includes four dimensions represented by (Plan) dimension, which 
identifies the problem clearly and then develops an action plan, (Do) dimension, which 
puts the plan into action and check performance, (Check) dimension, which confirms the 
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work of plan during execution and (Act) dimension, which includes improvement in the 
plan, continuation of the plan and repeating the cycle. 

6) The Juran Trilogy Mgt: This trilogy includes quality planning, quality control and quality 
improvement. Quality planning is done through (identifying consumers, identifying 
consumers' requirements, developing the characteristics of product, which meet the 
consumers' requirements, developing processes which are able to produce these 
characteristics, converting the required results plan into workforces). Quality control is 
done through assessment of current performance to operate and compare current 
performance with the performance to be achieved. Quality improvement represents the 
core of quality. 

7) Ishikawa Model (Analyzing the relation between cause and effect): Through this map, 
the organization is able to find out the main and secondary causes which contributed to 
the problems related to quality and potential results due to this problem. 
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Abstract: The estimation of the hydrological parameter called reference evapotranspiration 
(ET0) is crucial to estimate crop water requirements, especially in developing countries and areas 
with scarce water resources. Despite good results of the well-known FAO-56 Penman-Monteith 
equation in different climates, the impossibility of collecting all the required data to compute it 
made scientists search for new methodologies through the help of neural network models to 
accurately estimate ET0 with less climatic variables. One of the keys to machine learning, apart 
from having large and good quality datasets, is finding the fittest set of hyperparameters for the 
corresponding architecture. The most common approach is manual tuning, also known as trial 
and error techniques, which consist of manually changing hyperparameters considering other 
works and our experience. Another technique is grid-search, testing all possible parameters in a 
predefined range; the main disadvantage is that it wastes too much time in non-efficient 
hyperparameters because it does not consider past evaluations. Bayesian optimization emerged 
as a new efficient solution. It considers past evaluations when choosing the next hyperparameters 
evaluating, enabling Bayesian optimization finding the fittest set in areas of the parameter space 
that it is believed to bring promising validation scores. This work analyses and compares grid-
search and Bayesian optimization results and its computational cost in a multilayer perceptron 
neural network for estimating ET0 using air temperature from a low-cost sensor in Andalusia 
(south of Spain). 
 
Keywords: neural networks, Bayesian optimization, reference evapotranspiration, multilayer 
perceptron 
 
1. Introduction 
 
The estimation of the hydrological parameter called reference evapotranspiration (ET0) is crucial 
to estimate crop water requirements, especially in developing countries and areas with scarce 
water resources. Despite good results of the well-known FAO-56 Penman-Monteith (FAO56-
PM) equation in different climates [1], the impossibility of collecting all required meteorological 
data, made scientists search for new methodologies such as neural network models to accurately 
estimate ET0 using less climatic variables [2-5]. The FAO56-PM required parameters are 
temperature, relative humidity, wind speed, and solar radiation, being the last two variables very 
expensive to record and with a high percentage of measurement failures [6]. For this reason, [7] 
introduced a whole set of validation procedure (range, step, internal consistency, persistence, and 
spatial consistency tests) for global radiation, relative humidity, air temperature, and wind speed 
data, whose results revealed the existence of erroneous and potentially inaccurate data in collected 
datasets by almost one hundred automated weather stations in Andalusia. [8] applied these tests 
to weather stations in the province of Mendoza (Argentina) and analysed its effect on ET0. 
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Numerous works have assessed different Artificial Neural Network (ANN) methods in this field 
proving its high accuracy results in different climates worldwide. [9] studied Multilayer 
perceptron (MLP), Support vector machine (SVM), Random forest (RF), XGBoost and 
Convolutional 1-D neural networks (CNN) in 56 stations of Brazil using hourly temperature and 
relative humidity dataset to estimate daily ET0. [10] assessed Extreme Learning Models (ELM), 
SVM and four ensemble tree-based models in 8 stations of China. [11] investigated the 
performance of Wavelet Neural Networks in 25 weather stations in India.  
 
One of the keys of modelling with any of these models is the hyperparameter tuning. This process 
consists of adjusting all different ANN models parameters to make them learn from training data, 
so the model will be able to predict new values in future. In most articles, this process is attacked 
with a trial and error technique – testing different values based on obtained results and previous 
experience. However, this technique, despite being able to get good results, it is far from been 
efficient. In this sense, several techniques appeared to solve this problem. The first is Random-
Search, which implies testing random configurations and saving those who were more accurate; 
the main problem lies in the uncertainty about its performance. Another technique is Grid-Search, 
which is the most effective and very slow (testing all the different possibilities in a range of values 
until the best configuration is found). In this sense, Bayesian optimization emerged to solve all 
these problems by considering past evaluations when choosing a new set of parameters to 
evaluate. This enable to focus on areas from the parameter space that could yield promising 
accuracy results, instead of wasting time on those that will not [12, 13]. 
 
Another important aspect in these terms is the exponential growth of the Internet of Things (IoT). 
The increase in the number of devices and in quality of Internet connection (5G connection), as 
well as new low-cost hardware like Raspberry and Arduino, have made it very easy and cheap to 
measure, collect and use climatic parameters such as temperature and relative humidity [14, 15]. 
Thus, the present work analyses the performance of a low-cost temperature and relative humidity 
sensor to estimate ET0 with MLP in one location situated in Southern Spain (where a 
conventional agrometeorological station works properly), while assessing the differences in 
accuracy and computational cost due to hyperparameters tuning with Grid-Search and Bayesian 
optimization. 
 
2. Material and Methods  
2.1 Source of Data 

This work has been carried out in Córdoba, a province in the region of Andalusia, located in the 
south-west of Europe (latitude 37º 51’ N, longitude 4º 48’ and 94m above sea level). The dataset 
consists of the maximum, and minimum daily air temperature (Tx and Tn, respectively) and 
extraterrestrial radiation (Ra), which is calculated through the latitude and the day of the year. All 
the data was obtained with a Raspberry Pi 3 Model B and the sensor DHT22 (see Fig. 1) located 
at the same place as the conventional agrometeorological station recording ET0 values. The actual 
value of ET0 belongs to the Agronomic Information Network of Andalusia (RIAA) and can be 
downloaded at the following link  

 

Fig. 1. Temperature and relative humidity sensor DHT22 
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https://www.juntadeandalucia.es/agriculturaypesca/ifapa/ria/servlet/FrontController. In table I it 
is shown the statistics values (maximum, mean, minimum and standard deviation) of the 
variables: Tx, Tn and ET0. 
 
The total time period of the datasets is from January 2013 to December 2017, which is split to 
training (from 2013 to 2016) and testing (from 2016 to 2017). The training data is used by MLP 
to learn different patterns from the input variables (Tx, Tn, and Ra) to estimate ET0, while the 
testing dataset is only used to evaluate the performance. 
 

TABLE I. Statistics of maximum and minimum temperature, and ET0  
(Min: Minimum, Max: Maximum, Std: Standard deviation) 

Datasets Maximum temperature Minimum temperature ET0 

Max Mean Min Std Max Mean Min Std Max Mean Min Std 

All 44.030 24.986 6.650 8.400 27.610 11.349 -3.298 6.275 9.314 3.687 0.364 2.366 

Train 44.030 24.963 6.650 8.299 27.610 10.883 -3.298 6.367 8.918 3.687 0.364 2.354 

Test 43.290 25.009 10.880 8.502 24.320 11.815 -2.290 6.184 9.314 3.687 0.506 2.379 

 
2.2 Multilayer Perceptron (MLP) 
 
A multilayer perceptron (MLP) model is based on the human brain, built on a large number of 
fully connected neurons working together. It is composed of three different layers, the input and 
output layers referred to the inputs and outputs of the system (in our case, the air daily temperature 
dataset and the reference evapotranspiration, respectively) and the hidden layers, where the 
neurons are located. It is called hidden because both the learning and estimation process are blind 
to the user. The numbers of hidden layers, number of neurons per layer, activation and 
optimization functions are parameters whose values directly affect the efficiency. A single neuron 
layer is called Perceptron, which can be mathematically expressed as equation 1: 
   

y =  f��wi ∗ xi

N

i=1

+ b� (1) 

where y is the output of a neuron, f is the activation function, N is the number of inputs, wi is the 
weight of each input, xi represent the value of each input and b is a bias term. The activation 
functions used in this paper were ReLU, sigmoid and tanh. 
 
One key factor of MLP is the ability to learn through experience (using training data), which can 
be carried out by several optimizer functions. In this article, there are several optimizers to test. 
The most common and easiest is the Stochastic Gradient Descent (SGD), whereas Root Mean 
Square Prop and Adaptive Moment Estimation (Adam) are more complex, and its use is growing 
exponentially last years in MLP models. For further information about any of these optimizer 
functions, the works [16-18] are recommended [19]. 
 
2.3   Bayesian Optimization  
 
A general hyperparameter optimization is mathematically expressed as equation 2: 
 

𝑥𝑥∗ = arg min𝑓𝑓(𝑥𝑥),𝑥𝑥 ∈ 𝑋𝑋 (2) 
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where   represents the optimized set of hyperparameters, f(x) is the objective function, x is a set 
of hyperparameters, and X expressed all the possible sets for hyperparameters. 
 
Bayesian optimization was first proposed by [20] and its main advantage of this method is that it 
takes into consideration past evaluation when choosing a new set of hyperparameters. Thanks to 
this feature, the algorithm does not expend time on non-promising sets. [13] considered this 
algorithm to be similar to the human behavior when tuning, although it is much faster. 
 
2.4   Data Standardization  
 
The standardization of data is a common requirement in MLP networks. In this process, the data 
is rescaled to have a zero mean and a unitary standard deviation [21]. The followed procedure 
was to determine the mean and standard deviation of each input variable from the training set. 
Afterwards, each input value was subtracted by its mean and divided by its standard deviation 
(calculated with training dataset and applied to the whole dataset). 
 
2.5   Statistical Analysis 
 
The model performances were evaluated by using the following parameters: Root Mean Square 
Error (RMSE), and the correlation coefficient (R2), which are defined in the equations below: 
 

RMSE =  �
1
n
�(xi − yi)2
n

i=1

 (3) 

R2 =  
(∑ (xi − x�)(yi − y�)n

i=1 )2

∑ (xi − x�)n
i=1

2 ∑ (yi − y�)n
i=1

2 (4) 

 
  
where n is the number on records, the bar denotes the mean, and y and x are the predicted and 
FAO56-PM   values, respectively. 
 
3. Results and Conclusions 
 
In terms of RMSE and R2, the results of estimating ET0 in the weather station of Córdoba with 
the input configuration Tx, Tn, and Ra are shown in Figs. 2 and 3. The best RMSE performance 
(0,4991 mm) was carried out by 10 epochs of Bayesian optimization and 0.4 of random start, 
where the hyperparameters chosen were 6 hidden layers where the first layer had 50 neurons and 
the rest had 30 neurons, tanh as the activation function, RMSProp as the optimizer and 100 epochs 
for training the model. However, the R2 (0.9573) had its best performance with 10 epochs and 
0.2 random start, using 6 hidden layers, 50 neurons for all the hidden layers, 100 epochs to train, 
ReLU as the activation function and SGD as the optimizer. In terms of Grid-Search, the best 
performance in RMSE and R2 (0.4924 mm and 0.9580, respectively) were obtained using 6 
hidden layers, 20 neurons in the first hidden layer, 10 in the rest, tanh and RMSProp as the 
activation and optimizer functions respectively. On the other hand, the worst RMSE (0,7105 mm) 
was obtained with 80 epochs for Bayesian optimization and 0.2 random start (using 6 hidden 
layers, 37 neurons in the first hidden layer, 50 neurons in the rest of layers, ReLU, RMSProp and 
100 epochs of training), while the worst R2 (0,9475) was yielded by the same random start and 
150 epochs (5 hidden layers, 6 neurons for the first hidden layer, 23 neurons for the rest, ReLU, 
Adam and 47 epochs of training). On average, the R2 value is 0.9544 and the RMSE is 0.5253 
mm, that could be considered in both cases as good results, and better than the results obtained 
with calibrated Hargreaves-Samani by Gavilán, et al. [22]. 
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Fig. 2. RMSE for ET0 calculated with the input Tx, Tn and Ra, where the hyperparameter were 
selected with Bayesian optimization with different configurations. 

 

Fig. 3. R2 for ET0 calculated with the input Tx, Tn and Ra, where the hyperparameter were 
selected with Bayesian optimization with different configurations 

In general, the lowest values for RMSE and the highest for R2 were obtained with the minimum 
number of Bayesian epochs and, increasing this number did not outperformed consecutively to 
the computational cost. The reason behind this behaviour could be an overfitting (learning 
excessively from training data so the model is not able to generalise unseen patrons), that could 
be resolved by several methods, although one of the best is usually increase the training data. In 
Fig. 4 it can be seen the required mean time for every Bayesian epoch. Increasing the number of 
epochs in the Bayesian optimization was close to linearly increasing the execution time, with the 
exception that testing higher MLP architectures were more computational expensive than 
architectures with a low number of layers and neurons. 
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Fig. 4. Required time for Bayesian epochs 

In Fig. 5 it is shown a histogram with all hyperparameters chosen with the different Bayesian 
optimization. In the activation and optimizer function there was clearly preference for ReLU and 
Adam, respectively. In terms of activation function, there was no Bayesian model that yielded 
sigmoid function and the tanh was only chosen as the best option on two occasions. Moreover, in 
the optimizer graph it can be seen that 30 models used Adam optimizer and the rest was 
proportionally distributed into SGD and RMSProp. The majority of models utilized 100 epochs 
for training as the best hyperparameter whereas very few models used less than 70 epochs. 
Regarding the number of neurons for the hidden layer, 30 and 50 neurons were selected as the 
best value in the majority number of occasions, being 50 neurons the most chosen value. In terms 
of the number of hidden layers, the majority of Bayesian models yielded 6 layers as the best 
parameter, but using 1 hidden layer was considered as the best architecture just once. 
  

 

Fig. 5. Histogram of all the hyperparameters chosen by different Bayesian optimizations 

The good results obtained by Bayesian optimization in most of the cases assessed its use in ET0 
estimates for searching the fittest hyperparameter sets. Although the best performance was found 
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by Grid-Search, the Bayesian optimization got very close results in just 10 epochs (around 1 
minute), whereas Grid-Search took 2 weeks. Moreover, using the low-cost sensor DHT22 for 
measuring temperature yielded very satisfactory statistics. Therefore, using Bayesian 
optimization is highly recommended to calculate hyperparameters, especially if a time restriction 
exists. 
 
As a general rule, the higher efficiency of the optimization is reached with a low number of epochs 
and a low percentage random start. Using a bigger number of epochs increases the probabilities 
of overfitting, which could be easily resolved by increasing the length of the dataset. 
 
In future studies, using more meteorological parameters as inputs can be explored in the Bayesian 
optimization efficiency, as well as the investigation of its performance in regional models (using 
data from different stations and validating with others) and using longer datasets. 
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Abstract: As technology advances exponentially, organizations grow in a linear fashion. The 
digital transformation has a direct impact on the way organizations are built and managed and 
causes a gap to widen over time. For this reason, in recent years methodologies have been 
developed to transform organizations towards exponential growth. This document reviews the 
different methodologies, analyzing their relationship with project management. 
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1. Introduction 
 
The Fourth Industrial Revolution has already begun, and brings with it much more than a simple 
digital transformation [1]. This revolution represents a convergence of technological capability, 
intelligence and connectivity [2]. It is a fusion of new physical, digital and biological 
technologies.  
 
The exponential rate of development of emerging technologies has created an unprecedented scale 
of change, mainly because many technological advances are occurring simultaneously, being built 
on one another [3]. In all industries, technology changes the way companies work and grow, 
which has a direct impact on the way the company's projects are coordinated and managed [4].  
As technology advances exponentially, organizations grow in a linear way. This fact causes a gap 
which increases over the time (Fig. 1), so that organizations remain in obsolescence. Clearly, 
while slow and steady growth initially appears to be more successful, an exponential growth 
strategy far outpaces linear change [5]. Traditional business models are based on scarcity, where 
the value comes from sale products or services whose offer is limited. Exponential technologies, 
however, generate an abundance of everything. The linear mindset focuses on making something 
better, while the exponential mindset, something different.  
 
Salim Ismail developed a new trend in the configuration of organizations called Exponential 
Organizations, ExO [4], which tries to bring organizations to this new paradigm. These companies 
have been called exponential for their ability to grow 10 times (10x) faster than traditional 
organizations, thanks to the use of new organizational techniques that take advantage of growth 
accelerating technologies.  
 
However, this approach requires a complete organizational change, which therefore involves a 
number of problems. The members of the organization have established work methods and roles 
that they hardly want and/or can change, especially when they do not fully understand the 
objectives requested. This lack of definition and experience makes the implementation of these 
models difficult. In addition, this challenge occurs at any level: from subordinates to managers 
and leaders of the organization.  
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Fig. 1. Exponential growth of technology vs. traditional organizations (linear) 

This paper reviews the status of the different existing methodologies to achieve exponential 
growth, analysing advantages and disadvantages, and studying their impact on project 
management. 
 
2. Conceptual framework of Exponential Organizations 
 
Until now, the limiting factor of a company's growth was directly related to the number of 
resources (staff and material) and capital expenditure. Doubling the number of factories meant 
doubling production.  But this growth takes a long time and requires a huge capital investment. 
According to statistics [6], 40% of Fortune 500 companies will become obsolete in the next few 
years. Richard Foster of Yale University [7] estimates that the average life span of an S&P 
company has declined from sixty-seven years in the 1920s to fifteen years today. Indeed, that 
useful life is going to be shortened even further in the coming years. At this rate, 75% of the S&P 
500 will be replaced by 2027. 
 
Traditional big business competes (and loses) against a new generation of organizations that 
harness the power of exponential technologies, from data mining to synthetic biology and robotics 
[8]. This is known as abundance, and while traditional business models work perfectly in scarcity, 
they are not designed to operate in the exponential world. 
 
This approach was addressed long ago with the book Securing the Future: Strategies for 
Exponential Growth Using the Theory of Constraints [9]. This book presents an in-depth 
management roadmap for exponential improvement in any organization using a combination of 
parabola, methodology and case studies. Even so, exponential growth has become more relevant 
in the last few years and has become almost a necessity for companies’ success. In the book 
Exponential Organizations (ExO), Ismail et al. (2016) identified a new generation of companies 
that offer 10 times more impact compared to their peers and analysed the shared attributes that 
led to their hyper growth. Exponential Organizations are built on information technologies.  
Diamandis and Kotler [10] have identified 6D's or six phases by which a technology achieves a 
massive impact through a chain reaction (Fig. 2). This growth cycle takes place in six key steps. 
The first three D’s help to understand how technologies are changing the business models and the 
next three ones foster exponential growth. 
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Exponential Organizations have 10 common elements or attributes and a Massive Transforming 
Purpose (MTP), i.e., a very high aspiration purpose or intention (Ismail et al., 2016). The attributes 
are differentiated into two types: SCALE and IDEAS. They are related to the creative (right) and 
rational (left) hemispheres of the brain (Fig. 3).  
 
The acronym SCALE is used to reflect the five external attributes and IDEAS for the five internal 
ones. Not all ExOs must have these ten attributes, but the more they have, the more exponential 
they tend to be. According to Salim et al. (2016) at least four attributes are necessary to really 
become exponential. Five externally (SCALE) focused ExO attributes allow organizations to 
access global abundance. Accessing existing untapped abundance is the basis for building an 
Exponential Organization. Five internally (IDEAS) focused ExO attributes enable organizations 
to manage abundance and drive culture, enabling them to grow exponentially. 
 

 

Fig. 2. 6D's of exponential model 

 

Fig. 3. ExO attributes 

258



3. State of the art: Methodologies for implementation and monitoring

The shift from traditional to exponential organizations is not evident. Many of the organizations 
that now call themselves exponential did not have an established organizational culture. So, they 
adapted to the system as the same time that they developed and grew. 
However, there are very few examples of established organizations that have been able to make 
this transition. Apart from the novelty of this type of approach, this is also due to internal factors: 
1. Roles that are established and difficult to change.
2. No referents.
3. Ignorance of the process.
4. Rejection of change.
It is evident that a change of such characteristics is risky and challenging. It will only be able to
be carried out by means of a decided implication from the organization’s part. The concept of
exponential organization is quite recent. We are living the first years of this transition. However,
there are already some methodologies developed to try to implement the exponential model in
organizations.

3.1 ExO Sprint 

The ExO concept was developed by Ismail et al. [4]. The way to become an Exponential 
Organization is through the so-called ExO Sprint. This can be done from coaching and training 
programs or independently with the book Exponential Transformation [11]. It is a 10-weeks 
process to implement the ExO Model. The ExO Sprint is carried out in three main phases, each 
composed of sub-phases: 
1. Preparation. All needed elements must be in place before the beginning of the 10-week

process.
a. Plan. The organization defines the scope of the ExO Sprint and decides the key

participants.
b. Awake. Understand the difference between linear and exponential thinking.
c. Align. Participants receive training on the methodologies and tools they will need to

execute the ExO Sprint include an explication of the ExO Model.
2. Execute (Sprint). During the 10-week process, participants generate ideas and develop a set

of ExO initiatives designed to transform the organization. Two streams run in tandem
throughout this stage: The Core and The Edge Stream. The Core Stream is focused on
adapting the organization to disrupt and The Edge Team is focused on creating initiatives, but
both go through the following sub-phases:
a. Discover (first five weeks). Participants come up with ideas for the transformation

process.
b. Disrupt (one session). The best ideas are presented and participants select the best ones

for further development.
c. Build (second five weeks). Participants build prototypes around the top-ranked initiatives.
d. Launch (final week). The top initiatives are presented to the company’s leadership team.

3. Follow-up. The resulting ExO initiatives are implemented. These initiatives are the result of
the ExO Sprint and they can be differentiated into two types, Core and Edge, depending on
the stream. All participants in the ExO Sprint should possess an exponential mindset.

3.2 Next Generation Operating System 

Dgroup is a management consultancy and digital agency which offers advice to companies in the 
digital world [12]. Like Salim Ismail, it brought together more than 300 digital transformation 
projects and asked 1,000 C-Suite executives in Austria, Switzerland and Germany to study exactly 
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what these exponential organizations do differently [13]. In this case, they identified five 
attributes: purpose, exponential technology, liquid organization, agile processes and 
intrapreneurial culture.  

They also identified four predominant patterns in the combination of attribute values that 
represented more than 90% of the organizations analysed. These four stages of development are 
shown in Table 1.  

As a result of the study, Dgroup developed a practical guide for achieving exponential growth. 
They offer a recommendation of the different initiatives (Fig. 4). These approaches address the 
key levers for updating an organization's operating system. 

TABLE I. Development stages in organizations. 

Stage Awareness for 
change Attributes 

Hands-on 
starter Low Agile processes attribute, but only in limited domains 

Theoretical 
starter Medium Change programs are initiated, but without tangible 

projects and corresponding business initiatives 

Agile operator Medium 
First applications of agile processes, but still linear. 
Traditional organization design and traditional product 
innovation 

Exponential 
innovator High Agile development and product innovation, but still 

linear, traditional organizational design. 

Fig. 4. Key levers for updating an organization's operating system 

260



3.3 Exponential Business System 
 
The Exponential Business Systems program is an integrated approach for creating or 
transforming, running and leading an exponential enterprise [14]. It is a one-year process 
consisting of several courses and coaching programs that covers the following aspects: 
conceptual, leadership, brand development, marketing, sales, management and technology. 
Courses try to mentor the organization covering 5 fields:  
• Exponential Leadership. This course is focused on the leaders of the organization. The skills 

required to execute and lead an exponential organization are acquired through the activities 
of the course. 

• Branding. For an exponential organization, the values that audiences share with a brand are 
their most important asset, so the course aims to provide a brand to represent the core assets. 

• Product & Presentation. The secret for a good audience perception in an exponential business 
is how the organization and its products are presented and packaged. For this reason, the 
course tries to show the organization how to develop and present its products for optimum 
effectiveness.  

• Creative Teams in flow. The intention is to expand performance, through an understanding 
of the Flow Field [15]. Participants will also be contributors in the exploration of individual, 
partnership and group flow.    

• Marketing. SANE World’s Marketing and Dynamic Exponential Launch system is the 
culmination of the Exponential Business Systems. There are ‘4 New P’s of exponential 
marketing: participation, possibility, partnership and purchase.  

 
3.4 Methodologies for monitoring 
 
As a recommendation, the follow-up part of the implementation methodologies analysed is based 
on doing the developed coaching sessions once again. Methodologies should be repeated until 
they are no longer needed.  
 
In his most recent book, Ismail et al. [11] incorporate a checklist to assess the progress of the 
exponential organization by introducing a series of 68 questions related to each of the 10 aspects 
or attributes considered. The list of questions is called "Checklist for success".  The questions are 
related to the level of implementation of the different attributes in the organization.  
 
Each of the items on the list asks a question to verify what is done and what is not done in the 
company to achieve that attribute. There are 37 questions associated to the SCALE attributes and 
31 to the IDEAS. There are several questions for each attribute, but the answers are not so simple.  
On the other hand, the Exponential Quotient (ExQ), introduced by Ismail in his first book, 
incorporates kind of a test which provides a score based on the level of exponentiality of the 
organization [16]. The test consists of 24 questions with four possible answers related to the level 
of implementation of different exponential attributes in the organization. A score higher than 75 
implies that the organization can be considered an ExO.           
 
4. Conclusions 
 
Most of the application methodologies analysed are very similar. They are usually based on a 
series of steps and training sessions that last from a few weeks to a year. Most focus on 
implementation from scratch, which is the simplest. However, many neglect the transformation 
of the organization. The implementation of exponential organizations in a new company is clearly 
defined and is relatively simple as everything is new and starts from the beginning. However, 
exponential transformation does not follow the same line and must be more personalized. There 
is no universal model for becoming an Exponential Organization.  
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On the other hand, none of the methodologies really focuses on the key to the transformation of 
the organization: the projects. The way in which the company's projects are defined and carried 
out largely determines the level of exponential growth. 
 
In addition, the problem with the implementation of exponential systems does not lie in the initial 
moments. The organizations can develop punctual efforts to carry out an adaptation to new forms 
of operation. The methodologies developed so far establish a point of change and provide the 
guidelines to implement an exponential organization. However, it is clear that a change of this 
magnitude does not take place in 10 weeks, but this is the starting point for developing the key 
aspects (Fig. 5). 
 
Based on this approach, organizations must develop work routines to maintain a continuous 
change for truly exponential reach. In addition, team leadership requires a deep knowledge of the 
principles of the ExO. The company must have leaders capable of guiding the internal process or 
otherwise it will be impossible to achieve the exponentiality. In order to do this, the organizations 
can continue to request specialized consulting and coaching services, or they can form its own 
resources. 

 

Fig. 5. Companies growth with external intervention 

Not all key aspects of the company progress in the same way. One of the problems of the ExO is 
the need to focus only on those that have the most important or short-term returns. All these 
aspects should be monitored frequently to check that they are well developing and to identify 
gaps. Therefore, monitoring is a key element for the construction of the organization. However, 
in this aspect, there are no references to ensure that monitoring identifies the situation of the 
organization on the road to exponentiality.  
 
On the other hand, a follow-up by questions, already mentioned in the previous section, has 
serious deficiencies. First of all, the concepts presented are too complex for people in full 
transition. For example, the reference to platforms or redundant questions at different levels of 
the IDEAS generates an ambiguity that is reflected in vague answers, so they are unrepresentative 
and difficult to compare. In addition, questions are subjective meaning that they do not have 
metrics that allow their comparison. 
 
The development of methods that allow organizations to know if their actions are well directed 
towards their conversion into an exponential organization is basic. This will make an accurate 
and independent assessment and can provide essential knowledge for company development. It 
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is necessary to develop a methodology for monitoring the evolution of organizations towards an 
exponential structure, and it should be done through the analysis and evaluation of the project 
portfolio.  
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Abstract: The territorial governance approach marks a trend in favour of rural development, 
especially in the context of underdeveloped countries. As a result of adequate governance 
processes, the literature reports a more efficient use of the material and immaterial resources 
available in a given territory. Since human functional capacities are fostered, interaction 
between public and private actors is also promoted, the establishment of alliances oriented to 
the interests of the community, such as the local productive fabric, the provision of public 
services, cultural improvement and others aspects of social welfare. 
It is recognized that governance actions have a systemic effect that involves different 
dimensions of the territory, due to the different actors, interests and conflicts that come together 
during and through the process; However, there is no consensus among rural project managers 
to determine how the governance acquired in a given territory could be measured to better 
understand its operation and also for a better process evaluation. Having a better 
understanding of its systemic functioning would allow this management tool to be further 
refined and promoted as a rural development strategy. 
In this sense, the present work ventures into an empirical work that seeks to identify and 
dimension the determinants of governance in a coffee territory located in western Honduras. In 
this territory, the presence of different associative forms of producers that seek to improve their 
productive environment and market conditions has been identified. These groups behave as 
precursors to a governance network, the effect of which is sought to be captured through set of 
performance variables from 92 coffee municipalities. The data set, was subjected to the analysis 
of Structural Equations Modelling (SEM) given its statistical ability to explain complex 
interrelated phenomena. 
The main result is a coffee governance model statistically explained by four components. 
Through a path diagram recursive interaction between these components are revealed, 
explained by positive correlations between the precursors of governance and productive 
efficiency, then it is observed how this contributes towards a better performance of the 
municipality.  
The measurement tool allows capturing these interactions between variables of coffee 
governance, which broaden our understanding of how this complex process works in favour of 
rural development. 
 
Keywords: Rural governance, governance precursors, coffee production, structural equation 
modelling (SEM) 
 
1. Introduction 

 
The rural world in underdeveloped countries continues to suffer high levels of inequality and 
poverty. In extreme cases this problem overflows towards the displacement of producers from 
their traditional farms and even forced to emigrate, they also suffer from greater vulnerability to 
the effects of climate change [1] [2]. Rural studies that address this adversity agree on the need 
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to stop the mechanisms by which poverty is reproduced, which involves providing functional 
and associative capacities to stakeholders, seeking long-term effects [3] [4] [5]. 

  
One of the novel approaches that attract the attention of academics and rural development 
managers is the so-called territorial governance. This notion starts from the premise that in the 
territories are the assets and talents that allow to enhance and optimize the endogenous 
capacities of those who inhabit it, as long as they can be articulated around shared purposes 
within a logic of cooperation [6] [7]. Therefore. it is a people-centred conception, it is close to 
the places where problems are generated and solutions are required, and it seeks community-
based development management from the same people who aspire to develop [8] [9]. This 
approach expands the idea of how to achieve public welfare and displaces the traditional 
hierarchical intervention of the government, which generally considers rural inhabitants as 
passive recipients of development aid [10] [11].  

  
Territorial governance is proposed as a sub-national governance for the development of the 
territories through the articulation of various territorial actors, including local governments, civil 
society, public and non-profit agencies and the private sector. This process involves the 
promotion of practices of association, cooperation, co-government in network with private and 
social organizations. In them, the government continues to be a necessary actor, but its 
managerial role has ceased to be an epicentre in social management [12] [13] [14] [15], to 
assume new coordination functions focused on the opportunities of the territories, stimulating 
economic growth with social inclusion.  
 
From the network theory, territorial governance reveals a systemic behaviour, which is defined 
by a fluid network of different governmental, private and social actors, who interact to generate 
certain collective benefits. The main resource is the inter-organizational network, alliances 
characterized by a certain negotiating and leadership power to reach agreements and the ability 
to self-organize. In this way, the associations formed are not obedient executors of the decisions 
made from above, but agents that contribute ideas, solutions and capacity for action, giving way 
to collaborative work less dependent on external actors [16] [17] [18]. From this perspective, 
territorial governance has four substantive characteristics: it refers to the interactions between 
the organizations, it involves continuous interactions between the members of the network, they 
are game-like interactions, rooted in trust and negotiated between the participants and, finally, 
they have a significant degree of autonomy with respect to the State [19] [20].  
 
Despite the benefits described, governance is not without limitations. The complexity that is 
generated as a consequence of the multiple interactions that are frequently reproduced between 
actors and interests, it is somewhat difficult to grasp in terms of the effects or changes that this 
process stimulates, especially to measure how much and how is progress in this process [21] 
[22]. It is recognized that the actors acquire qualities that are translated to a greater or lesser 
extent in the alteration of the performance of the ventures that are activated in a certain 
territory, as will be seen in the coffee territory as a case study. 
 
Consequently, a vein of research opens that explores different alternatives of how the quantity 
or intensity of governance acquired in a territory should be measured [23] [24]. Options for 
capturing the complexity of governance include mapping stakeholder networks, leading to 
dynamic power-based models of influencing between actors. for their part, cooperation and 
financing agencies for rural development tend to use measurements based on indicators [25] 
[26] [27]. However, it is questioned that many of the indicators with which it is intended to 
measure governance are based on its indirect effects and not precisely on the fabric of 
organizations that are being formed in the process, that is, on the density and pattern of their 
networks acting [28] [19] [4].  

 

265



The objective here is to introduce an alternative measurement of governance that considers its 
systemic nature. It is recognized that in the action of governance different actors from different 
sectors of the territory (public and private) are being integrated, accessing information 
resources, consensus negotiation mechanisms and decision-making. all of which generates 
functional capacities that in turn affect management efficiency and therefore results. 

This is the case of rural coffee governance, which is essentially built on the primary links of an 
agricultural export chain, developed by hundreds of thousands of producers, who shape the 
specificity of a rural coffee society [29] [30]. Their organizational and cooperative expressions 
arise on a territorial basis of coffee municipalities mediated by the common interest of many 
producers to face the problems of price instability, opportunistic behaviour of intermediaries 
and adequate technical attention of their farms [31] [32]. These associative forms would be the 
precursors of a governance system, which, as it reaches maturity, attracts other actors from the 
rural environment, driven by the gravitational force exerted by the coffee economy and culture 
[33]. The integration of other territorial actors, such as local governments and community 
leaders, would be motivated by agendas, interests and conflicts that coincide in the territory they 
share. In the development of these governance networks, positive externalities are generated 
derived from unified efforts and resources that end up having an impact on the direct and 
indirect benefit of the population [34] [35]. In the subsequent sections, this presentation 
provides a description of the territory studied, the methodological approach to capture 
governance based on the degree of association and organization of the coffee municipalities and 
the main results obtained are offered. 

2. Study Area and Hypothesis

Honduras is the fourth largest coffee exporting country in the world [36], Exports exceeded 
1,500 million dollars in the 2017-2018 harvest. Coffee contributes 8.5% to national GDP and 
20% of total agricultural exports [37]. It carries out this productive activity in 220 delimited 
municipalities in 6 coffee regions of the country. Around 125,000 rural families participate 
directly, figure that expands to 1.2 million averaging 5 members per family [38]. 

As a result of the territorial analysis guided by theory and expert consultation of field work, 
allow configuring what can be the pattern of a rural coffee system: 

Fig. 1. Theoretical design of the coffee governance system 

In this design, the precursors of governance and productive efficiency are manifested in those 
coffee municipalities where producers are more motivated to improve, persevere and create 
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cooperatives and other coffee organizations [39] [38]. These organizations arise to develop 
organizational and coordination capacities to stay informed and jointly manage technical and 
logistical problems [40] [41]. Also, necessary commercial capacities to avoid unfair transactions 
and access new markets, even more specialized [42] [43], and necessary social capacities to 
demand improvements in well-being in their territories. 

The study is delimited in a sample of 92 municipalities that make up the western coffee region 
of Honduras (Fig. 2). This region registers a greater productive intensity and contributes 48% of 
the country's total production where cooperatives, savings banks and rural boards have 
positioned themselves mostly as associative practices [44] [32]. 

Fig. 2. Map of the study territory, Western Honduras. Prepared by the author from the INE / 
ArcGis database version 2018 

During the process they acquire greater soft capacities of administrative and union leadership, 
allowing negotiation of price and development of new markets with a range of actors on a local, 
national and, in some cases, international scale [45].  

Based on this approach, two hypotheses are formulated in this research: 
H1: The governance built so far has a positive impact on coffee production efficiency. 
H2: The performance of the municipality with regard to public goods depends on its productive 
efficiency and the influence that the coffee governance has on government entities. 

3. Methodology

Statistical package called AMOS version 8.0 was used, which allows an analysis of various 
correlations between variables. It is an analysis model known as SEM (Structural Equation 
Modelling) derived from multivariate statistics. This model allows examining the relationships 
between directly observed variables (data matrix) and latent variables (constructs) and refers to 
the dimensions that make up the hypothesized governance system (Figure 1) [46]. The main 
virtue of SEM is to reveal, through the measurements of the variance error, the intensity and 
pattern that describes the interaction of these constructs [47] [48]. The main result is represented 
as a structure diagram or “path diagram” that can be statistically contrasted with the coffee 
governance model under study. For this reason, SEM is thought to be the most effective 
technique available to test this type of hypothesis. 
The study considers a series of indicators at the municipal level which seek to measure the 
notion of precursors of governance and productive efficiency captured in the number of 
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cooperatives and rural boards. Other indicators associated with the productive vocation and 
performance of the municipality were also considered. As an example, at the level of public 
welfare endowments, electrification coverage, potable water networks and roads were 
considered. The hypothesis test investigated the effect that these territorial dimensions have on 
the formation of a coffee governance system (see Tables I and II). 
 

TABLE I. Constructs and indicators identified from the theoretical model under study 
 Constructs Indicators/abbreviatio

 
Initials          Operative concept 

 
 
 
 
 
 
 
Precursor of 
governance 
 
 
 
 

Cooperativism  Coop Index based on the # of the existing cooperatives 
in the municipality 

Associativity  Asc Index based on the # of Producer Cooperative 
members 

Organization  Org Index based on the # of the existing coffee boards 
in the municipality 

Coffee participation  Part Index based on the # of producer members of 
coffee boards 

Municipal Public 
investment 

Inv P Percentage dedicated to public investment from 
the municipal budget 

Municipal Financial 
autonomy  

Autn Municipal solvency to invest with own resources 

 
 
 
 
 
Productive 
efficiency 

Productive vocation  VProd Index based on the # of producers per 
municipality 

Rural municipal 
population  

Prm Percentage of rural population based on total 
population 

Contribution in 
municipal production  

AProd Index based on Registered harvest volume: quintal 
by municipality 

Productivity index  Pdvd Index based on production volume per planted 
area. Coffee quintal/block 

Exportable index  Exp Percentage of production that can be exported 

 
Municipal 
coverage in 
public welfare 
works 
(Municipal 
Performance) 
  
  
 

Drinking Water 
Coverage Index  

Agu Percentage coverage of drinking water networks 
in the municipality 

Electric coverage 
index  

Elct Percentage coverage of electrical networks in the 
municipality 

Road Investment 
Index or rural roads  

InvV Monetary volume of investment roads by 
municipality 

Housing deficit  DefV rural people without their own home 

Health-Education 
Endowment  

Dot Proportion of schools and health centers by 
municipality 

AHPROCAFE: Honduran Coffee Association; ANACAFEH: National Association of coffee producers; 
CCH: Honduras Central of Associations. 
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The data set was first ordered in the program SPSS, version 24.1, giving way to a first test of 
measurable quality of the variables, prescribed in statistical theory as a prerequisite to analysis 
of the variance normality ANOVA [49]. This data must meet centrality assumptions such as the 
normality of variance through the Kolmogorov-Smirnov Test KMO, homoscedasticity 
(Levene's test) and multicollinearity or degree of correlation between variables [50]. 
Additionally, SEM analyzes also comply with a protocol called Exploratory Factor Analysis 
(AFE) necessary to simplify the data set. In EFA, the measurement of latent variables is defined 
based on the observed variables. In other words, the main components defined by the variance 
error (Kaiser test) and the factor loads or degree of correlation (Pearson test) that save the set of 
variables are extracted [51]. 
 
The 3 components calculated in EFA that appear in Table 2 were labelled with the concept that 
best corresponds to the constructs (concepts of latent variables) to be analyzed. Note that the 
new concepts of these variables (see Table III) change a little with respect to the concepts 
proposed at the beginning in Table I and Fig. 1. These adjustments are expected according to 
the SEM analysis [50] to achieve better clarity in the interpretation of the results. For example, 
the construct previously called Municipal Public Infrastructure, is now labelled as municipal 
performance. Compare constructs in Table I with modified constructs in Table II. 
 

TABLE II. Factorial loads by method of extraction of main components. 
Variables Initials  Components Variables Initials Components 

  1 2 3   1 2 3 

Productivity Pdvd 0.907 - - Productive 
vocation 

Vprod - 0.888 - 

Cooperativism Coop 0.812 0.389 -  
Organization 

 
Org 

 
0.318 

 
0.734 

 
- 

Municipal 
Autonomy 

Autn 0.799 - - 

Associativity Asc 0.790 0.436 - 
Contribution in 
municipal 
Production 

AProd 0.487 0.711  

Municipal Public 
Investment 

inv p 0.678 - - Housing deficit DefV - - -
0.856 

Roads 
 

Inv V 0.645 0.487 - Electricity 
 

Elct - - 0.810 

Export Exp 0.635 0.383 0.335 Water network 
coverage 

Agu 0.308 - 0.729 

Coffee 
quintal/block 

part - 0.905 - Health-Education 
Endowment 

Dot - - 0.703 

Rotation methods Varimax with Kaiser normalization, the rotation has converged in 5 iterations 
 
4. Results and discussion:  

 
The next table (Table III) provides important information about collinear variables and 
relationships with their respective components (latent variables). 
 
Component 1 groups 7 of the 16 variables examined and all have a factor load greater than 0.5, 
which shows high correlation. This component 1 can explain 28.69% of the total variance, 
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denoting a strong association with the variable precursors of governance. Component 2 groups 5 
variables that explain 26.16% of the variance and manifest their close association with the idea 
of production precursors. Four variables define component 3 that explains 17.51% of the 
variance and its association with the performance of the municipality. The three components 
total 72.36% of the variance that can be explained from the data panel submitted to this test. 
Several authors agree that a factor load greater than 0.5 proves the existence of a sufficient 
correlation or dependency between the observable variables and their respective latent [47], 
[48]. In other words, the precursors of governance or component 1 would increase in territorial 
presence in direct proportion to the observable variables such as productivity, associativity and 
cooperativism. However, precursors of productive efficiency would be improved with the 
increase in organization, participation and coffee vocation. Variables such as water, electricity 
coverages, and endowments of schools and health centers are linked to the performance of the 
municipality or the degree of well-being that is being acquired. 
 

TABLE III. Definition of components and percentage of explained variance. 

 Extraction method: principal component analysis 
 
Additionally, it is essential that the dataset entered complies with the quality of fit measures. 
The CFA allows for consolidation of the work previously done in EFA leading to a greater 
contrast of the specified hypotheses [46], [47]. AMOS in its interface allows the flexibility to 
adjust the structure of the “path diagrams” until we find the model pattern that best corresponds 
or adjusts to such requirements as long as these changes maintain the theoretical support that 
justifies them [50]. Fig. 3 shows the model fitted in a specific pattern that focuses on the 3 latent 
variables analysed (in ovals). Values greater than 0.5 indicate a strong link with their respective 
independent variables (in box). Productive efficiency, for example, shows a strong dependence 
of the variables: Org. with 0.77, Part with 0.90, Vprod with 0.96 and Aprod with 0.83; 
according to this model. The same can be said with the other latent variables examined. 
 
Fig. 3 shows the model fitted in a specific pattern that focuses on the 3 latent variables analyzed 
(in ovals). Values greater than 0.5 indicate a strong link with their respective independent 
variables (in box). Productive efficiency, for example, shows a strong dependence of the 
variables: Org. with 0.77, Part with 0.90, Vprod with 0.96 and Aprod with 0.83; according to 
this model. The same can be said with the other latent variables examined.  
 
The individual reliability test is the relationship between each independent variable (rectangle) 
and its respective dependent variable (oval). It can be seen in Fig. 2 that all the standardized 
loads of the multiple regression exceed values of 0.5 as proof of dependence. Loads less than 
0.5 indicate that the general model will be adversely affected (Civelek, 2018; Escobedo, 2016). 
The charge of 0.55 is the lowest found and corresponds to the water coverage linked to the 
performance of the municipality. The rest of the relationships are considered to be bound more 
strongly. Table IV shows the results of seven (7) tests of convergent validity applied by AMOS.  
The expected values were obtained from the re-specified model. Compliance with this phase 

 
Components (constructs) 

Total Variance 

Sums of charges squared by rotation 

Total % Variety % Accumulated 

1. Governance Precursors 4.591 28.693 28.693 

2. Production Precursors 4.185 26.156 54.849 

3. Municipality performance 2.802 17.512 72.361 
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allows us to determine if the constructs represented in the coffee governance model of the 
territory under study are correctly measured by the indicators [46], [47].  

Fig. 3. SEM analysis coffee governance model (specified) 

TABLE IV. Results SEM / AMOS Tests for the Coffee Governance Model 
Adjustment Index Initials Expected Results 

Chi² > 0.05 122.520

Discrepancy between Chi² and degrees of 

freedom 

CMIN / DF ≤ 5 2.112 

Comparative Adjustment Index CFI 0.90 – 1 0.935

Non-Standard Adjustment Index TLI 0.90 – 1 0.913

Normalized Adjustment Index NFI 0.90 – 1 0.887

Goodness-of-fit index GFI 0.90 – 1 0.850

Root mean square error of approximation RMSEA ≤ 0.08 0.111 

If these data are contrasted with the available theoretical evidence on the role played by the 
precursors of governance, it is understandable because they affect productive efficiency. These 
associative networks deploy services that improve market conditions, price management, 
financing, exchange of technical information and more [8], [27], [43], [46]. The same logic is 
observed regarding the performance of the municipality. This performance improves when the 
productive part is improved. This happens because the volume of production and exports 
increases with greater participation. Such an increase favours the economy and allows more 
public works to be financed. 

5. Conclusions

The statistical analysis carried out opens a possibility to study in a more understandable way the 
behaviour of governance processes that are triggered by different rural development projects. 
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The statistical model proposed from the SEM / AMOS exam, describes a specific pattern of 
territorial dynamics that are favoured by different coffee organizations, conceptualized here as 
precursors of governance. By contrasting the 2 study hypotheses with the results obtained, we 
see that the two are verified. Already built municipal governance positively affects productive 
efficiency (H1).  

That is true to the extent that the variables associated with coffee cooperatives and boards are 
consolidated and that they increase in membership and the participation of producers - a 
favourable effect on productive efficiency that would be expected in a narrow proportion of 
0.61, according to the correlation coefficient. Regarding H2, the endowments that a 
municipality achieves show improvement in a proportion of 0.19, depending on the productive 
improvement that is being acquired. But more important still would be the conformation of a 
governance system (exogenous variable) whose implication leads to favor rural coffee 
development. 

This methodology can become an impact evaluation tool, in those projects that are often 
implemented in disadvantaged regions, especially if there is a baseline at the beginning of the 
intervention; subsequently, the degree of incidence and those dimensions in which a certain 
territorial governance process has managed to provoke could be determined. 
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Abstract: In the paper authors defined that data science is a rapidly developing area that 
positively affects project management processes it is important to consider the adaptation of 
project managers' competences in line with current trends. So, the main aim of the paper is to 
consider the application of certain individual competences of data science in the professional 
activities of a project manager. In the paper there was presented the main skills, knowledge and 
abilities of data science that could be used in project management processes by a project 
manager.   

Keywords: project management, data science, individual competences. 

1. Introduction

Today we live in a condition of digital transformation that stimulates permanent quick growth 
and dissemination of information. On the one hand, it gives big opportunities both for humanity 
in general and for business in particular, but on the other hand, such a situation keeps riskiness: 
often the information can be untruthful, inaccurate, and contradictory. Companies fighting for the 
latest information to know how to develop, how to attract new customers, and how to get ahead 
of competitors.  Besides this information have to be authentic and ready to use. That is why there 
are a lot of technologies, approaches, methods, and so on for getting, storage, analysis, and 
visualization of this information for quick and effective decision-making. All these technologies, 
approaches, and methods are united in a single large section of science – Data Science that 
includes Machine Learning, Business Analytics, Business Intelligence, Data Engineering, Big 
Data, and so on. Skills of data science also are necessary for persons involved in project 
management, namely a project manager. Today there are no clearly identified competences which 
would include such kind of skills in International Competence Baseline, NCB Version 4.0 [1]. 

The importance of using Data Science competences in the project management area is shown in 
the researches of Spalek Seweryn, Frame J., Chen and et al. [2], Kabanda Gabriel [3], Harjit Singh 
[4], and others [5-8]. Summarizing these researches there was highlighted the main factors of 
influences of data science using on project management processes: 

- Prediction of project schedule delay and cost overruns.
- Capturing projections and early signals in projects.
- Integration of project schedule, cost, quality, and resource.
- Using analytics to create strategies and assisting strategic decisions.
- Project Analytical tool provides Project and Portfolio dashboards, providing better

visibility for decision making.

Besides, the market for data analytics and business intelligence is predicted to grow to $22.8 
Billion by 2020. According to the Project Management Institute, there will be a demand for 87.7 
million project managers by 2027. With both these disciplines growing at an explosive rate, it 
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only makes sense to use powerful tools interwoven into the organization’s fabric to create a more 
sustainable competitive advantage [6]. 
 
So, based on the fact that data science is a rapidly developing area that positively affects project 
management processes it is important to consider the adaptation of project managers' 
competences in line with current trends [9]. 
 
Based on the foregoing, the main aim of the paper is to consider the application of certain 
individual competences of data science in the professional activities of a project manager. 
 
2. The Main Research Material 
 
According to ICB individual competence is the application of knowledge, skills, and abilities to 
achieve desired results [1].  Knowledge is an understanding. It’s mental or theoretical, rather than 
practical. Knowledge can be gleaned from a book, and you can gain knowledge by researching 
online or visiting your local library [10]. The difference between a ‘skill’ and an ‘ability’ is much 
less obvious than the difference between ‘knowledge’ and the other two. In very basic terms, 
abilities are natural or inbuilt whilst skills are learned behaviors [11-12]. Proceeding from this 
point of view, consider the data science individual competences (Fig.1) [13-15]. 
 

 

Fig.1. Knowledge, Skills, and Abilities of a data scientist (own illustration) 

 

Abilities 

Skepticism 
Perseverance 
Creativity 
Business acumen 
Communication 

Skills 

Data provenance 
Data preparation 
Data management 
Record retention policies 
Data sources identification 
Data subject privacy 
Missing and conflicting data 
Algorithmic thinking 
MS Excel 
Data acquisition 
R programming 
Programming concept 
Documentation and code 
standards 
Machine learning 
Python 
Data audit 
Multivariate modeling and 
supervised learning 
BI technologies 
Data cleaning 
Deep learning  
Visualization 
Exploratory data analysis 
Model assessment and 
sensitivity analysis 
Model interpretation 
Hadoop 
SQL 
 

Knowledge 

Mathematical foundations 
Computational foundations 
Statistical foundations 
Data management and curation 
Data description and 
visualization 
Data modeling and assessment 
Workflow and reproducibility 
Communication and teamwork 
Ethical problem solving 
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Based on these knowledge, skills, and abilities there was defined two big groups of data science 
individual competences: hard and soft competences (Fig.2). 
 

 

Fig.2. Data Scientist individual competences (own illustration) 

As a rule, the project manager does not need hard competences, because for such competences 
there are professionals, that could be involved in a project. But as a rule, there are situations when 
the project manager has to analyze a project condition for making decisions, presenting to 
customer project reports, project planning, and so on and then he may need soft competences.    
Let’s consider these competences in detail (Table I). 
 

TABLE I. Data science individual competences (own table) 
Competence Knowledge Skills Abilities 
Data Analytics - Data management 

and curation. 
- Communication and 
teamwork. 
- Data description 
and visualization. 
- Workflow and 
reproducibility 

- Data preparation 
- Data acquisition. 
- Visualization. 
- Missing and 
conflicting data. 
- Exploratory data 
analysis. 

- Business acumen. 
- Skepticism. 
- Creativity. 
- Perseverance. 

Data Understanding - Data management 
and curation. 
- Communication and 
teamwork. 
- Data description 
and visualization. 

- Data source 
identification. 
- Data acquisition. 
- Data audit. 
- Data cleaning. 

- Skepticism. 
- Perseverance. 
- Creativity. 
- Business acumen. 
- Communication. 
 

Data Science Tools - Computational 
foundations. 
- Data modeling and 
assessment. 

- BI 
technologies. 
- SQL. 
- MS Excel. 

- Skepticism. 
- Perseverance. 
- Creativity. 
 

Every from presented in Table I competence could be used in project management processes. 
Since the Project Management Body of Knowledge describes 49 processes, the volume of the 
paper does not allow us to consider them all, so in Table II only processes of the areas of 
knowledge “Project Cost Management” and “Project Risk Management” are shown. The Table 
II was developed based on the experience gained by the authors in project-oriented companies. 

  

Hard Competences 
Data Engineering 
Machine Learning Analytics 
Machine Learning Engineering 

Soft Competences 
Data Analytics 
Data Mining 
Scientific Methods 
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TABLE II. Convergence of data science individual competences and project management 
processes (own table) 

Data Analytics Data 
Understanding 

Data Science 
Tools 

Plan Cost Management 
Estimate Costs 
Determine Budget 
Control Costs 
Plan Risk Management 
Identify Risks 
Perform Qualitative Risk Analysis 
Perform Quantitative Risk Analysis 
Plan Risk Responses 
Implement Risk Responses 
Monitor Risks 

Note: green cell – competence applicable; cell – competence not applicable. 

3. Results and Conclusion

In this paper the authors consider the application of certain individual competences of data science 
in the professional activities of a project manager. 

Applying data science individual competences by the project manager in project management 
processes is a promising direction for research. This is due to the changes that the global digital 
transformation entails in all areas of human activity. So today it’s not enough just to manage the 
project, now it’s important for the project manager to be able to create an adequate project 
information space and integrate into the activities of the project-oriented enterprise. And this is 
impossible without a date science using skills, knowledge and abilities.  

The authors believe that the prospect for further research is a deeper investigation of data science 
individual competences and their use in all project management processes. Another interesting 
area is the use of hard competences in managing a portfolio of projects and programs. 
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Abstract: Due to the engineering progress in the past few years, it is possible to study the behavior 
of actuators carefully and define them at a very early design stage with the help of modeling and 
simulation approaches. Following this information, it is critical to have a model capable of 
simulating and testing the behavior of an electromechanical actuator, since a lack of that 
information may impede to further development of a functional prototype project. The necessity 
and importance of the work described in this paper come to ensuing this scene. The present 
project focuses on the problem of the design and development of an electromechanical actuator 
and its scope is to create a model capable of simulating the actuator and to develop HiL test 
environment to have a reliable model at the end. 

Keywords: Electromechanical actuator, hardware-in-the-loop approach, model-based design. 

1. Introduction

An actuator can be defined as a system capable of changing the configuration of another system 
when it receives an input command [1]. The premise of the present article is to create the 
simulation environment having as reference the real actuators. With the implementation of the 
HiL (Hardware in the Loop) methodology, the real actuators may be substituted by model designs, 
being simulated on well-known and widely accepted platforms [2]. 

For a successful performance of the project, it is deeply advantageous to obtain a good knowledge 
on the model design and simulation implementation practices within the target implementation 
hardware and Matlab/Simulink platforms; and the architecture of the implementation target 
hardware, the Zynq® - 7000 SoC family, in order to construct a system to elaborate HiL tests. 
The work essentially concentrates on the modeling and simulation of an electromechanical 
actuator, and the creating of a HiL system for the model developed. 

The designed actuator model is limited to be used for one mechanical model example; thus, the 
project approaches the design and development progress for the selected system, however, this 
model can be surely expanded and upgraded to different systems where this type of actuators is 
requested.  

Intended application for actuator models of this kind is an educational project for development of 
a Flight Control Computer (FCC) functional prototype which was started at FH-Dortmund [3]. 
The FCC will become the core component for case study based teaching in Embedded Systems 
design courses. Along with a PC, running a flight simulator program, and the so-called SAS-unit 
(SAS: sensor and actuator simulation) the FCC forms a low-budget HiL-system [4]. The SAS- 
will perform actuator simulation models on the above mentioned SoC-device. 
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2. Research Design

The model-based design has been the approach selected for the present work to design the 
actuator. The tool capable of developing the project ensuring the correct design is the one 
provided by MathWorks®, Matlab/Simulink. Matlab works with Simulink to support model-based 
design, which is used for multidomain simulation, automatic code generation, and test and 
verification of embedded systems [2]. The Matlab® R2019a has been the tool preferred for the 
project. 

Hardware-in-the-loop application, like the low-budget educational case study mentioned above, 
has been chosen, since it is an approach utilized in the development and test of complex embedded 
systems. It specifies how the controller reacts to a realistic virtual impulse command, and 
determines if the physical model is correct. HiL simulation enlarges the capacity of the testing by 
expanding the scope of the testing, and it supplies a powerful control and safe environment where 
the user can concentrate on the performance of the controller [5]. 

The development of an FCC prototype could be considered as an example of the use of HiL 
simulation. Sensors communicate the demanded flight response and then apply the force feedback 
to the controls using motors, where the behavior of the flight controls is defined by control 
algorithms, and adjusts in the algorithm parameters might convert into more or less flight reaction 
from a given flight control input. For achieving a good parameters performance, it is important to 
execute a large number of tests [2]. 

The target hardware platform that has been chosen for the present work is the Digilent ARTY Z7 
development board equipped with Zynq XC-7020-CLG-400 IC. This board has been proven to 
simulate sensor models also [4]. The minimum specification necessary for the development of 
the project includes the configuration of the Gigabit Ethernet Controller (GEC) “ENET 0”, where 
this controller provides a UDP communication via Ethernet between the HiL system based on the 
host computer running Matlab and the target platform, and the Universal Asynchronous Receiver-
Transmitter (UART) “UART 0” controller, where this module supplies a serial communication 
link with the user to program the chip, debug, and output the software service messages. 

3. Implementation

For the development of a model to operate during the project as a simulator version of a real 
mechanical system, an aileron has been chosen as the mechanical model for this task. 

The principal objectives involved are the significant integration of drive and control electronics 
and the architecture of the driver concerning the ability to integrate dedicated sensors and 
electrical motors in the actuators. The implementation needs important technological actions in 
all domains, aiming to accomplish accuracy substantial requirements. Thus, mechanical elements, 
sensors, electrical motors, power drive, and control electronics shall be considered for the design 
process [6]. 

3.1. Electromechanical Actuator 

The stage for the project is the creation of the actuator that extends and contracts in order to 
position the aileron to a specific angle, having an inner loop for current control and an outer 
control loop for speed [7][8]. The system with an electromechanical actuator that attempts to track 
a speed profile consists of a DC motor driving a worm gear which in turn drives a lead screw to 
produce linear motion [9]. 
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An EMA consists of an electric motor, usually a DC motor, a mechanical drive, motion sensors, 
and electronic power electronics that ensure that the actuator follows the input commands. With 
an electrical motor, a strong gear reduction is usually necessary to achieve the required torque 
[9]. The created model of the EMA is shown in Fig. 1. 

Fig. 1. Designed electromechanical system 

Pulse Width Modulation (PWM) circuit is used for the control of the DC motor in EMA 
applications, where the PWM signals are generated according to polarity and intensity of input 
signals. The bridge power driving circuit applies different voltages to two ends of the motor 
according to the input signal to rotate the motor shaft in different directions [8]. Input signal in 
PWM circuit is the result of the PID control of the desired signal. The combined regulator will be 
based on the sum of responses of both position, speed, and current regulators, where the main 
guideline of control of a DC motor is to control its input current. The implementation of a current 
loop is valuable to preserve the motor inserted in the actuator against overcurrent. This loop 
guarantees that the electromagnetic torque on the motor shaft is controlled independently of the 
cargo [1][8]. 

In this phase, the EMA technology for a primary flight control has been proposed, and the 
regulators considering the parameters position, speed, and current implemented. It intends to 
propose an optimum solution using mainly electrical technologies, and the target is to evaluate 
the actuator applied on an aileron, evaluating the achieved level of maturity. The designed model 
of the controllers is presented in Fig. 2. 

Fig. 2. Designed controllers 
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3.2. Hardware-in-the-Loop 

Regarding verification and validation tools, a system integration bench has been developed using 
HiL approach that empowers an experimental electrical actuator to be exercised as a flight control 
actuator. The HiL simulator is focused around a state-of-the-art electrical test bench that can 
experimentally simulate many of the usual equipment inserted in an actuator circuit. It allows the 
verification of the system either totally virtually, or by compensating the simulated parts with real 
components, including their embedded software, and to explore the interaction between flight 
actuator hardware and the general aileron accomplishment. Correlated test permits to improve 
models according to the detected behavior of the system under verification and validation [6][10]. 
Valuable to outline verification is the practice of demonstrating that the implementation of a 
system and its related data accurately describe the theoretical definition and requirements defined 
by the user, and validation is the practice of demonstrating the degree to which a simulation 
system and its related data are an accurate description of the real world from the viewpoint of the 
intended use cases of the system [11]. Fig. 3 depicts the process of the simulation model 
development adopted by the project. 

Fig. 3. Simulation model development [11] 

Fig. 3 represents an abstract accord between simulation model development and the verification-
validation-accreditation process. The target has been to gather and analyze the validation of the 
data for specific model design and the concluding selection of regulating the parameter of one or 
more values related to the model element aiming a better adjustment to the examined system 
behavior; redesigning the model having the insights collected from the analysis of the validation 
data; or accrediting the model [11]. 

For testing and proving the system behavior using Hardware-in-the-loop technique, the loop 
configuration shall be selected, equivalent to the one represented in Fig. 4. 
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Fig. 4. Hardware-in-the-loop configuration [12] 

The closed-loop system that has been used as the structure for the work, where the input signal is 
the reference angle signal the plant model shall track, the control model is the control system 
designed for managing the signal applied into the mechanical system, the plant model is the 
mechanical apparatus produced to simulate the real mechanical system, and the verification is the 
graphics generated during the simulation aiming to verify the behavior of the entire system. 

In the particular use case stated in Fig. 4, the controller part of the model will be taken to be 
simulated in the embedded processor, which for the present project the Arty Z7 board has been 
the selected device. The approach has been used to compare the calculation results produced by 
the target simulation solver, being run on the target prototyping platform, against the results 
produced by pure Simulink simulation.  

The block diagram of the present use case is depicted in Fig. 5. 

Fig. 5. HiL block diagram [2] 

The system described in Fig. 5 represents a hardware and software architecture consisting of a 
host PC, which is equipped with a network interface, the target platform, and different software 
design developed in each of the devices. The blocks stated in Fig. 5 are explained as follows: 

• Controller data: to process the speed and current control, four variables are required, Vi,
Vw, Vwref, and the simulation time.

• Data packaging: a set of Matlab instructions filling up a data packet to be sent with the
four variables from the host PC to the platform, and a vector containing the two variables
to be sent from the platform to the PC.

• Data unpackaging: a set of Matlab instructions to unpack the two variables received from
the platform, and instructions to unpack the four variables received from the PC.

• UDP send: Matlab UDP interface object used to send UDP packets via the ethernet
communication link to the target platform, and a C function implemented in the platform
used to send UDP packets via the ethernet communication link to the host computer
running Matlab.

• UDP receive: Matlab UDP interface object used to receive UDP packets via the ethernet
communication link from the target platform, and a C function implemented in the
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platform used to receive UDP packets via the ethernet communication link from the host 
computer. 

• Data processing: the implemented C function to process the received data and prepare
them for sending back to the host computer. This process follows the system stated in
Fig. 2.

• Motor driver data: the controlled data Vr and REV to be the input data for the motor
driver.

The outlined HiL software artifacts are highly integrated into the specific application software, 
where the software part of the HiL system is customized as required based on the UDP library 
[13][14]. 

3.3. Target Simulation Model 

The present section describes the implementation of the model in the hardware platform [15]. To 
address the need for implementation, the Xilinx SDK 2018.3 is enhanced. 

The first consideration has been the ethernet communication configuration, such as port, IP, and 
gateway parameters. As soon as the communication has started, for any package received, the 
system calls the function responsible for processing the data. 

The function attributes the received package to a vector, clears the buffer for future data, separates 
the received vector into the four variables that will be used for the controller model, and calculate 
the sample time between two consecutive loops. The forward step is regarded to the controllers. 
The system passes through the process of mathematical calculation, and the last task to be 
developed is to create a vector containing the two output values, pack it, and send it through the 
ethernet communication to the host computer. 

To run the system, the model has simulated 8001 times, for going from 0 to 8 seconds within 
0.001 sample time, which means the target platform has been called 8001 times. To evaluate time 
required to process the whole set of data samples within HiL system, including time required to 
receive, unpack, pack and send data, Matlab is equipped with time measuring functionality. The 
result on the time frame needed to convey the complete set of samples has been 91.5710s, an 
average of 11.4449ms per round, being each round responsible for sending four variables from 
the hosting computer to the target platform, and receiving two variables from the platform. 

After the process has been implemented and simulated, the result obtained from the HiL test is 
shown in Fig. 6.  

Fig. 6. Angle tracking - HiL application 
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Fig. 6 illustrates three signals, in black the reference angle signal, in red the angle tracking using 
pure Simulink simulation, and in blue the angle tracking using HiL technique. The signal using 
embedded processor shows more inaccuracy if compared to the pure Simulink simulation, this 
might be caused by different topics, as the implementation of the integrator in the processor, the 
influence of external noise, and accuracy of the instrumented data gathering channel. Even though 
the result shows more imprecision, it is possible to realize that the signal tracks the reference 
signal. 

3.4. Analysis 

The present section aims to demonstrate the analysis of the result acquired during the HiL 
application. 

Any kind of calculations performed by a computing machine might introduce an error of 
calculation due to the limited resources of computing machines, and numerical methods applied 
[2]. 

To calculate the absolute error in the graphic illustrated in Fig. 6, the difference between the 
reference angle and the measured angle has been calculated, as stated in Formula 1 [16].  

∆x = |xi − x| (1) 

Where: xi is the measured value, and x is the reference value. 
The absolute error calculated states a maximum value at point 4.599s with amplitude 0.6626 
degrees, and an average error value of 0.1114 degrees.  

To measure the accuracy of the system, Formula 2 has been used [17]. 

Accuracy = �1 − �∆x
𝑥𝑥
�� × 100     (2) 

Where: ∆x is the absolute error, and x is the reference value. 
The accuracy calculated of the system has been 96.9578%. 
It is correct to affirm that the system analyzed has proved an important fidelity to its specifications 
since the absolute error encountered is less than 1 degree, and the average error is almost 0.1 
degree. The accuracy of the system shows more than 96% of truthfulness, which may represent 
the designed model is reliable and proving the system designed is trustworthy. 

4. Conclusion and Future Work

Throughout the whole research, from the early pilot procedures to the final experiment, the project 
activities have been conducted with the focus on the ideas to be investigated, at a high level of 
attention to the theoretical basis followed with a detailed analysis of the derived results. 

The system designed for this work has proved a good functionality and a good performance in 
the tests performed during the working period and the present project has significant importance 
and relevance in its area of actuation.  

Therefore, the model constructed for the present paper has achieved its objectives, since the 
developed model-based design of the electromechanical system has followed important 
specifications aiming a more realistic behavior of the model, and it has passed through the HiL 
test approach, where the entire system has proved functional and trustworthy. 

286



More models of actuators and sensors will be developed using the methodology described here 
to complete the case study towards a complete simulated avionics system of a plane. 

Simulated actuators and sensors will also play a role in the research activities at FH Dortmund 
and HAW Hamburg on cyber physical test systems [18]. This research domain targets the market 
of functional test equipment for the IoT-industry. Synthetic instruments [19] containing sensor 
and actuator simulation will help to achieve low-cost test systems by avoiding inclusion of 
original sensors and actuators being part of a test system. 

5. References

[1] M. J. T. Kammegne, T. L. Grigorie, and R. M. Botez, “Design, numerical simulation and
experimental testing of a controlled electrical actuation system in a real aircraft morphing wing
model”, The Aeronautical Journal - Volume 119 - Issue 1219, (2015)

[2] H. C. L. Fonseca: "Simulation of an electrical actuator for flight control", Master Thesis,
University of Applied Sciences and Arts Dortmund (2020)

[3] P. Schulz, “Embedded Systems Design for UAS-Control in higher education courses,” 5th
International UAV World Conference & Exhibition UAS Technologies and Missions, issued on
CD, airtec GmbH & Co., (2011)

[4] I. Khimchenko and P. Schulz, “Trends in modeling and simulation of sensors,” in Dortmund
International Reserch Conference 2018, proceedings, pp. 152 – 163, (2018)

[5] MathWorks, “What is hardware-in-the-loop simulation.” https://www.mathworks.com/
help/physmod/simscape/ug/what-is-hardware-in-the-loop-simulation.html, last visited on 20-11-
2019.

[6] J.-C. Derrien and S. D. Sécurité, “Electromechanical actuator (ema) – advanced technologies
for flight controls,” 28th International Congress of the Aeronautical Sciences (2012)

[7] V. S. Chowdary, N. R. Raju, and V. Naidu, “Electro-mechanical actuator: A simulation
study,” Control and Data Fusion eJournal: CADFEJL Vol. 1 (2017)

[8] I. Todić, M. Miloš, and M. Pavišić, “Position and speed control of electromechanical actuator
for aerospace applications,” Tehnićki Vjesnik (2013)

[9] R. Brockhaus, W. Alles, and R. Luckner, “Elektrische Stellantriebe” in Flugregelung, ch.
10.2.1, Springer (2011)

[10] E. Novillo and R. D. Boer, “Advanced flight control system – design development and
manufacturing of an electromechanical actuator with associated electronic control unit and
dedicated test bench,” Compania Espanola de Sistemas Aeronauticos (2013)

[11] Mitre, “Verification and validation of simulation models.” https://www.mitre.org/
publications/systems-engineering-guide/se-lifecycle-building-blocks/other-se-lifecycle-
building-blocks-articles/verification-and-validation-of-simulation-models, last visited on 20-04-
2020.

[12] MathWorks - White Paper, Perform Hardware-in-the-Loop Simulation with MATLAB and
Simulink to Test and Validate Control Algorithms (2016)

[13] J. Subraveti, “Implementation of udp communication on a zynq platform for processing
clustered data based on multiple gigabit ethernet ports for phenopet,” Master’s thesis,
Zentralinstitut für Engineering, Elektronik und Analytik (2017)

287



[14] B. Shah, N. K. Gaddipati, A. Mahajan, and S. Gaddam, PS and PL-Based Ethernet
Performance with LightWeight IP Stack. Xilinx. XAPP1306, v1.1 (2017)

[15] Xilinx, Zynq-7000 All Programmable SoC: Embedded Design Tutorial – A Hands-On Guide
to Effective Embedded System Design. UG1165, v2017.4 (2017)

[16] S. Kenrose, “Absolute error and mean absolute error (mae).”
https://www.statisticshowto.datasciencecentral.com/absolute-error/, last visited on 20-03-2020.
(2016)

[17] C. Deziel, “How to calculate percent accuracy.” https://sciencing.com/calculate-percent-
accuracy-6199228.html, last visited on 20-03-2020. (2018)

[18] P. Schulz, C. Wolff, “Cyber Physical Test System - a novel approach in testing for the
Embedded Systems Industry,” IEEE AUTOTESTCON, National Harbor, MA, USA, (2019)

[19] C. T. Nadovic, "Synthetic Instruments Concepts and Applications", Elsevier/Newnes, (2005)

288



Imprint

Publisher
IDiAL – Institute for the Digital Transformation 
of Application and Living Domains 
Carsten Wolff
Christian Reimann

Editor & Coordination
Nargiza Mikhridinova
Matthias Smukal

Picture Credits
Cover: 
IDiAL – Institute for the Digital Transformation 
of Application and Living Domains 

Contact
europim@fh-dortmund.de

ISBN 978-3-948228-01-9





Programme Committee

Organisation Committee and Chairmen
Areej Aldaghamin
Anna Badasian
Nargiza Mikhridinova
Christian Reimann
Carsten Wolff

ISBN 978-3-948228-01-9

Fachhochschule Dortmund
IDiAL – Institute for the Digital Transformation 
of Application and Living Domains
Otto-Hahn-Straße 23
44227 Dortmund

Peter Arras, KU Leuven, Belgium
Uwe Großmann, FH Dortmund, Germany
Andrea Kienle, FH Dortmund, Germany
Katrin Löhr, FH Dortmund, Germany 
Wolfgang Tysiak, FH Dortmund, Germany
Werner Wetekamp, FH Dortmund, Germany
Chinwi Mgbere, NU Nur-Sultan, Kazakhstan
Ruta Ciutienė, KTU Kaunas, Lithuania
Elena Vitkauskaitė, KTU Kaunas, Lithuania
Bassam Hussein, NTNU Trondheim, Norway
Rao Aamir Khan, COMSATS University Islamabad, Pakistan
José Ramón Otegi-Olaso, UPV/EHU Bilbao, Spain
Nerea Toledo Gandarias, UPV/EHU Bilbao, Spain
Olena Verenych, KNUCA Kiev, Ukraine
Sergey Bushuyev, KNUCA Kiev, Ukraine
Anatoliy Sachenko, TNEU Ternopil, Ukraine
Galyna Tabunshchyk, NU-ZP Zaporizhzhia, Ukraine


	000_IRC-2020_Cover_EN
	00_empty page
	00_Intro_IRC_2020
	0_Content with page numbers 2020
	0_Results of the interviews_edited
	1_Observations of IRC Juli_edited
	3_Wetekamp_10
	4_Bushuyev_2
	[2] Bushuyev S.D. Creative technologies in project and program management. / S.D. Bushuyev, N.S. Bushueva, I.A. Babaev et al. – K.: Summit Book, (2010), -768 p.
	[3] Guidelines for managing innovative projects and programs. P2M. Volume 1, Version 1.2 / Tr. from English under the editorship of prof. S.D. Bushuyev. K.: “Science light”, (2009).173 p.
	[4] Yaroshenko F.A. Management of innovative projects and programs based on the P2M knowledge system: Monograph. // Yaroshenko F.A., Bushuyev S.D., Tanaka H. - K.: “Summit Book”, 2012. - 272 p.
	[5] Azarov N.Ya., Yaroshenko F.A., Bushuyev S.D. Innovative mechanisms for managing development programs. K .: Summit Book 2011, 564 p.
	[6] Krysko V.G. Social Psychology: Lecture Course / V.G. Krysko. - 3rd ed. - M .: Omega-L, (2006) .-- 352 p.
	[7] Todorović, M. Petrović D., Mihić M., Obradović V., Bushuyev S. Project success analysis framework: A knowledge-based approach in project management [Text]. International Journal of Project Management. Volume 33, Issue 4, pp.772-783. (2015).
	[8] S. D. Bushuyev, N. S. Bushuyeva, Mechanisms of value formation in the activities of project-driven organizations, East European Journal of Advanced Technology, Kharkiv, (2010), pp.4-9
	[9] N. S. Bushuyeva, Models and methods of proactive management of organizational development programs, (2007), 270 p.
	[10] V. Obradović, M. Todorović, S. Bushuyev, Sustainability and agility in project management:   contradictory or complementary? Springer Nature Switzerland AG, (2018), pp. 522-535.
	[11] N. Rusan, S. Bushuyev, and D. Bushuyev, Emotional intelligence — the driver of the development of breakthrough competences of the project, IEEE, International Scientific and Technical Conference on Computer Sciences and Information Technologies (...
	[12] S. Bushuyev, R. Wagner, IPMA Delta and IPMA Organisational Competence Baseline (OCB): New approaches in the field of project management maturity. (2014). International Journal of Managing Projects in Business.
	[13] IPMA Reference Guide ICB4 in an Agile World Version 2.3, (2018), 71 p.
	[14] Guide to managing innovative projects and programs, P2M, Version 1.2, (2009), 173 p.
	[15] Individual Competence Baseline for Project, Programme & Portfolio Management, Version 4 [Text]. International Project Management Association. (2015). 415 p.
	[16] S. D. Bushuyev, M. Zh. Ozdoyev Management of projects for organization development based on entrepreneurship / S. D. Bushuyev, M. Zh. Ozdoyev // International journal of computing. – (2014). – v. 13, № 4. – p. 221-226
	[17] C. Wolff A Structured process for transferring for academic research into innovation projects – Pimes case study / C. Wolff, B. Igel, U. Lauschner // International journal of computing. – (2014). – v. 13, № 4. – p. 227-239
	[18] Verenych O., Bushuyev S. Interaction researching mental spaces of movable context, stakeholder and project manager / O. Verenych, S. Bushuyev // Organization, Technology and Management in Construction: an International Journal. – (2018). - Vol. #...
	[19] S. Bushuyev, D. Bushuev, N. Bushuyeva, B. Kozyr. Information technologies for project management competences development based on global trends. Information technology and learning tools v. 68, No 6 (2018).
	[20] S. Bushuyev, V. Molokanova. Formalization of the accounting valuable memes method for the portfolio of organization development and information computer tools for its implementation, Information technology and learning tools, (2017), Volume 62, №...
	[21] E.Hatfield, J.Cacioppo, & R.L. Rapson, Emotional contagion. New York: Cambridge University Press (1994). 20 p.
	[22] How to handle the media, politics and advertising. https://psychoformer.blogspot.com/2009/05/how-to-handle-media-politics-and_09.html. (2009)
	[23] Optimal experience of a project manager. https://www.ipma.world/optimal-experience-project-manager/

	5_Feldmueller_9
	6_Otegi_25
	7_Chinwi_36
	8_Hafseld_38_new
	9_Gerald_15_new
	10_Tabunshchyk_33
	11_Camacho_13
	12_Ramírez_14_new
	13_Elizalde_27
	1. Introduction
	2. Time Series Background
	Finally, it is mentioned that a time series is stationary if it has statistical properties to those of the time shifted-series for each integer h. Restricting attention to those properties that depend only on the first and second order moments of (Xt)...

	2.1. Data Base and System Description
	2.2. Designing and Applying the Econometric Model
	3. Experimental Results
	4. Results and Conclusion
	5. Acknowledgements
	6. References

	15_Latorre_8_new
	16_Bustamante_18
	17_Kudelia_34
	Dmytro Kudelia1, Natalia Myronova2

	18_Granica_12
	19_Jongste_39
	20_Khalid_11_new
	21_Mörz_16_new
	22_Aida_6
	23_Romaniuk_29
	24_Reiner_40
	25_JimenezAgurto_21
	26_Verenych_24_new
	27_Mosashvili_3_new
	28_Zakirova_32
	29_Gaboshvili_4
	31_Valenzuela-Zubiaur_26
	32_Gorban_5
	33_Boiko_30
	34_García_22
	35_García_23_new
	36_Al-Mukahal_28
	37_Bellido_17_new
	38_Diaz_19
	39_Meza Palma 37
	40_Yehorchenkova_20
	41_Fonseca_35
	Inprint-2020-left
	IRC-2020_Back-EN-2021



