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Abstract 

In an era of global integration, especially after the release of covid-19, more and more project teams have started 
working from home. However, the creation of virtual teams is not without barriers for which leaders should be 
especially prepared. There is a lack of research on knowledge management in the context of virtual project teams. 
This study aims to reduce the identified gap by identifying the main barriers as well as analyzing their impact on the 
functioning of virtual teams. The study used analysis of the literature, TISM and MICMAC models, and research 
among experts. The results indicate key barriers, that are plan of work and collaboration among team members. 
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1. Introduction  

In the beginning, virtual teams were created to enable the collaboration of global or regional experts who did not 
have enough time to travel. When defining the concept of virtual teams, many authors emphasize this property. They 
define a virtual team as groups of people or work teams whose members are dispersed geographically and often in 
time [24, 36, 38, 62]. They were most popular in the IT industry, which used a diverse culture, time zones, and 
talents in different geographic areas to fulfill the specialized project tasks that required them. Hence, in many 
definitions of the term, the aspect of using various forms of communication with the use of information and 
communication technology is emphasized [4, 21, 24, 46, 48]. Among the various definitions of the term, one of the 
most popular and cited describes virtual teams as groups of geographically, organizationally and / or temporarily 
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dispersed employees who are joined by information technologies in order to perform one or more organizational 
tasks [38]. 

Global integration, the development of information and communication technology, as well as changes in 
partnership models and structures, have led to the increasing use of virtual project teams. [6, 10, 45] After the covid-
19 pandemic, virtual teams began to be used also in other industries and fields. [20, 55] According to research, 80% 
of international organizations have changed face-to-face work to virtual or hybrid work, and 64% admitted that this 
change has caught on and will remain even after the pandemic. [41] Both, members of virtual teams and employers, 
mention many advantages of using virtual teams. Employees mention as the most important advantages [22]: 
flexible scheduling (52%), lack of commute (38%), cost savings (35%), able to care for family, pets or aging / sick 
relatives (34%), reduced anxiety / stress (32%), improved health (26%), freedom to relocate (22%). And employers 
indicate an increase [22]: productivity (52%), efficiency (48%), employee morale (44%) and employee loyalty / 
retention (43%). 

However, apart from the advantages, working in virtual teams also has many disadvantages that affect various 
spheres of work of a project team. One of the key areas is knowledge management, which is define as a process, in 
which individuals exchange their implicit and overt knowledge and jointly create new knowledge [64]. It is also the 
ability to transfer the formed experiences, information and expert insights into practice [69]. Knowledge 
management is critical to creating and applying knowledge and solving complex problems. 

In practice, organizations invest enormous funds in activities related to analyzing, storing and acquiring 
knowledge [25], but this usually applies only to overt, not implicit knowledge. Implicit knowledge management 
depends to the greatest extent on the project team members themselves and the relationships between them. 
According to Ajmal, Kekäle and Takala [2], 80% of knowledge management activities relate to people and culture, 
and only 20% are related to technology. Therefore, the effectiveness of knowledge management increases when 
team members have the option of personal, not virtual, collaboration [8]. Thus, working in virtual teams significantly 
reduces the possibilities of knowledge management. Although the lack of direct contact is only one of the many 
barriers that virtual teams must take into account in order to manage knowledge more effectively. The literature 
describes the subject of knowledge management quite extensively, however knowledge management barriers among 
people have rarely been addressed in project teams in general, especially in virtual teams [3, 15]. 

The article will present barriers of knowledge management, that can appeared during work in virtual project 
teams. They will be analyzed to identify the relationship between them and to compare the level of strength and 
dependence of individual barriers. Article will answer on three research questions: 1/ What are the most important 
barriers of knowledge management in virtual project teams? 2/ Which barriers are considered to be at strategic level? 
3/ How the barriers affect each other? On the basis of the obtained results, conclusions will be drawn on the 
dependencies of individual barriers and their impact on knowledge management. The article was based on the 
analysis of the literature on the subject and the analyzes using the TISM and MICMAC models, in which author 
used the knowledge and experience of the experts from different countries that work in virtual project teams. 

2. Literature review 

In the literature on the subject, the analysis of knowledge management barriers emphasizes the importance of the 
individual and the team in knowledge management [12]. Properly planned knowledge management should take into 
account all factors that may affect the process in the organization. This paper will focus on the factors that are 
barriers of knowledge management in virtual project teams. A systematic literature review has shown that barriers of 
knowledge management are analyzed only in a few scientific publications, as shown in the PRISMA diagram 
(Figure 1). From the collection of 876 literature items, those published later than in the last 10 years, as well as those 
in the field of biology, chemistry, pharmacology and health care, were excluded. Out of 171 articles, after the 
analysis of abstracts, 27 articles remained, which were subject to careful analysis. Most of the publications analyze 
barriers in project teams, without considering virtual cooperation or focus on one selected branch.  

Most of the analyzed publications distinguish three groups of knowledge management barriers: individuals, 
organizations and technology [34, 51, 68], some articles add also project barriers [13, 23]. The first group is related 
to the attitude of project team members to sharing knowledge. Within this group of barriers, the literature discusses: 

http://crossmark.crossref.org/dialog/?doi=10.1016/j.procs.2022.09.135&domain=pdf
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- mindset that concerns both the awareness of the context and a common understanding of the issues raised [32]. The 
authors emphasize that mindset is one of the key elements necessary to achieve success in implemented projects, 
including knowledge management [28] The research results show that the negative mindset and reluctance of team 
members result from obstacles of the nature of knowledge, individual and organization [3]. However, the authors 
emphasize that mindset is a plastic trait that can be improved through effort and that can shape the motivation and 
goals of an individual [17, 35, 52, 57]. 
- personality, referring to the characteristics of a team member that allow for unambiguous inference of a person's 
behavior [9]. The MBTI typology, developed on the basis of C. Jung's theory of personality, distinguishes sixteen 
personality types, each of which adapts differently to the tasks set in the project, including those related to project 
management [11, 43] 
- lack of competences of team members, which are defined as the application of knowledge, skills and abilities to 
achieve the desired results [26]. Among the most important competences that members of a virtual project team 
should have, the authors indicate self-management, intercultural skills, technology skills, interpersonal trust [5, 32, 
43]. These competences are obtained through education, participation in training, and gaining practical experience. 
Their lack may be a barrier to knowledge management. 
- ethics that influences the decision-making by project team members to actively manage knowledge. According to 
the literature, ethics is about making an objective judgment, after considering all options, about the right decision 
and response to ethical situations. According to the authors, ethics primarily influences: distinguishing good from 
bad, assessing the way of proceeding, choosing the right beliefs and values, as well as determining the right reaction 
to a given situation [14, 27, 30, 54]. 
- Project Manager, as a person of great importance in the implementation of knowledge management in project 
teams. In virtual teams, the manager does not have the ability to closely supervise the work of individual employees, 
which triggers the processes of team self-organization. In such a situation, the project manager should have adequate 
competences to create a coherent vision and highlight common goals [7, 47]. In addition, project managers, having 
appropriate competences and knowledge of tools, can influence the transfer of tacit knowledge in order to improve 
the work of the virtual team. The Project Manager who does not have the appropriate competences or commitment 
will be a huge barrier to knowledge management in the project team [37, 42]. 

 
Figure 1 PRISMA diagram 
 

The second group of barriers relates to technology. Here, in the literature on the subject, factors such as: 
- the quality of communication resulting from the tools that were used. Many times, the quality of video channels 
may be poor, and their use requires effort and is tiring in the long run [5, 32] For these reasons, it may negatively 
affect the members of the project team and discourage their use. 
- access to specific IT tools that allow to search, collect, select, analyze, process, manage and share information with 
other people [33, 63]. The lack of appropriate tools does not allow for effective and quick cooperation. Among IT 
tools, the authors mention are: computer hardware and software, memories, various physical devices, as well as 
technologies for the exchange of information, including the Internet, wireless networks, smartphones and other 
means of communication [50, 61]. 
- limited non-verbal cues that are replaced by emoticons make conversations and collaboration more impersonal. 
This, in turn, can lead to misunderstandings, ethical problems, certain illusions and a disturbance of self-presentation. 
[32] Team members focus on tasks, not social relations [5] 
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 Another group is the organizational barriers among which are mentioned: 
- lack of spontaneity as all meetings are planned in detail [5], thus some valuable ideas and initiatives related to 
knowledge management may escape and not be used.  
- culture - a barrier that appears in teams in which members come from different countries. Nowadays, many 
companies work globally, hence the projects are carried out by multicultural teams that can collaborate virtually [18, 
31, 70] 
- a planning process that includes the formulation of goals and objectives that explain the work to be done, the 
project schedule and the necessary resources that are required to achieve the project's objectives [71]. It is the 
definition of the direction of action [29], as well as the goals and ways of achieving them by the project team [49]. 
- motivational tools that are used to achieve the effect of engaging a given person in the implementation of the tasks 
entrusted to him. The project manager has many financial and non-financial tools at his disposal, which he must 
select according to the needs of the team members [1, 19, 53, 67]. Lack of matching motivational tools to the 
individual needs of employees will have a negative impact on employee involvement, including knowledge sharing. 
- collaboration within virtual project teams is short-term. It is characterized by goal orientation, the creation and 
monitoring of the knowledge sharing process and the cohesion process of team members [40]. It should include 
techniques and tools that will improve knowledge management in order to achieve goals more effectively, affecting 
the integration and better communication between team members. 

Table 1 present the lists of barriers of knowledge management in virtual project teams. The lists were validated 
by 12 experts, five of whom came from a project teams, while seven were scientists from different countries 
(Poland, Germany and Italy) who work in virtual project teams. During the interviews, experts where asked to 
identify most important barriers, from those above, which will be analyzed further. From the obtained answers, a list 
of nine barriers was prepared, which were most often indicated by experts. 

Table 1 Barriers of knowledge sharing in virtual project team 

Barrier Definition 
Information Technology A set of methods, means and tools, as well as other technologies that are supporting knowledge management 
Mindset An attitude of team members to knowledge management 
Technological 
competences 

Competences of project team members relating to the ability to use IT tools in the process of communication and 
project implementation, including sharing knowledge 

Motivation tools All tools used to increase the motivation to work among members of the virtual project team, including 
knowledge management 

Plan of work Working time and division of tasks of individual members of the project team 
Social competences Ability to cope with social situations, i.e. the ability to cope with stress, be assertive and self-presentation 
Ethics Ethical norms and moral principles team members should consider to manage knowledge 
Project Manager Competences of project team leader to knowledge management 
Collaboration Processes and a combination of techniques that are used to involve team members in knowledge management 

3. Methods and results  

3.1. Survey instrument and the sample 

In order to answer the first research question, the author has conducted a systematic review of the literature. In 
this review two databases were used - Scopus and Web of Science, as well as the following keywords: barriers, 
knowledge management, virtual teams, project teams. The literature review, followed by individual interviews 
among 12 experts from different countries, allowed for the identification of nine key barriers, which were defined in 
Table 1. 

To determine the level and strength of the relationship between the identified barriers, the author used the TISM 
model (Total Interpretive Structural Modeling) described in detail by Sushil [59, 60]. To create a self-impact matrix 
(VAXO) and a reachability matrix (binary), the author conducted three focus interviews with 12 project 
management experts from different countries (Poland, Germany and Italy). In the TISM model, experts answer three 
general research questions, such as: what, how and why, which allows to show the relationship between the 
identified factors [16, 60]. The interviews took the form of on-line meetings. To illustrate the relationship between 
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the variables, the author used the MICMAC matrix (cross-impact matrix multiplication used for classification) [39, 
65]. 

3.2. Research analysis 

The conducted focus interviews allowed for the creation of the VAXO matrix, which showed the contextual 
relations between the individual barriers. Experts had a choice of 4 types of relations: X - meaning a double relation, 
0 - meaning no relation, V and A - meaning a one-sided relation (V - vertical to horizontal, A - horizontal to 
vertical). Research results was shown in table 2. 

Table 2 Structural Self-interaction matrix (VAXO) matrix 

 Barrier number Barrier  9 8 7 6 5 4 3 2 1 

 1 Information Technology X X 0 A X 0 X X X 

 2 Mindset X X 0 X X V A X  X 

 3 Technological competences A X 0 0 A V X  V X  

 4 Motivation tools A X 0 A A X A A 0 

 5 Plan of work X V 0 X X V  V X X 

 6 Social competences A X V X X  V 0 X V 

 7 Ethics A A X A  0 0 0 0 0 

 8 Project Manager A X V  X A X X X X 

 9 Collaboration X  V V V X V V X X 
The next step in the analysis was to convert the values obtained from the VAXO matrix into binary values. 

According to the rules presented by Singh and Kant [56], when transforming V, A, X and 0 into binary values, the 
relations V and X should always be replaced with the value 1, and A and 0 with the value 0. The achieved 
reachability matrix was presented in the form of Table 3. Summing up interaction entries across rows determines the 
barrier's driving level, and summing up interaction entries across columns determines the dependency level. These 
values will be used in further analysis to create the MICMAC matrix. 

Table 3 Reachability matrix 

Barrier number Barrier 1 2 3 4 5 6 7 8 9 Driver 
Power 

1 Information Technology 1 1 1 0 1 0 0 1 1 6 

2 Mindset 1 1 0 1 1 1 0 1 1 7 
3 Technological competences 1 1 1 1 0 0 0 1 0 5 
4 Motivation tools 0 0 0 1 0 0 0 1 0 2 

5 Plan of work 1 1 1 1 1 1 0 1 1 8 
6 Social competences 1 1 0 1 1 1 1 1 0 7 

7 Ethics 0 0 0 0 0 0 1 0 0 1 
8 Project Manager 1 1 1 1 0 1 1 1 0 7 

9 Collaboration  1 1 1 1 1 1 1 1 1 9 
Dependence 7 7 5 7 5 5 4 8 4  

On the basis of the reachability matrix for each of the barriers, the reachability set and the antecedent set can be 
determined. The reachability set consists of the item itself and other items in the row that can act as a barrier, while 
the antecedent set consists of the item itself and other items in the column that can act as the barrier. Then the 
intersection of these sets constitutes all common elements, as presented in Table 4. 
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Table 4 Partitioning the reachability matrix into different levels 

Enabler Reachability set Antecedent set Intersection set Level 
Iteration 1     
E1 
E2 
E3 
E4 
E5 
E6 
E7 
E8 
E9 

1,2,3,5,8,9 
1,2,4,5,6,8,9 

1,2,3,4,8 
4,8 

1,2,3,4,5,6,8,9 
1,2,4,5,6,7,8 

7 
1,2,3,4,6,7,8 

1,2,3,4,5,67,8,9 

1,2,3,5,6,8,9 
1,2,3,5,6,8,9 

1,3,5,8,9 
2,3,4,5,6,8,9 

1,2,5,6,9 
2,5,6,8,9 
6,7,8,9 

1,2,3,4,5,6,8,9 
1,2,5,9 

1,2,35,8,9 
1,2,5,6,8,9 

1,3,8 
4,8 

1,2,5,6,9 
2,5,6,8 

7 
1,2,3,4,6,8 

1,2,5,9 

I 
 
 
I 
 
 
I 
 
 

Iteration 2     
E2 
E3 
E5 
E6 
E8 
E9 

2,5,6,8,9 
2,3,8 

2,3,5,6,8,9 
2,5,6,8 
2,3,6,8 

2,3,5,6,8,9 

2,3,5,6,8,9 
3,5,8,9 
2,5,6,9 

2,5,6,8,9 
2,3,5,6,8,9 

2,5,9 

2,5,6,8,9 
3,8 

2,5,6,9 
2,5,6,8 
2,3,6,8 
2,5,9 

II 
 
 

II 
II 
 

Iteration 3     
E3 
E5 
E9 

3 
3,5,9 
3,5,9 

3,5,9 
5,9 
5,9 

3 
5,9 
5,9 

III 
 
 

Iteration 4     
E5 
E9 

5,9 
5,9 

5,9 
5,9 

5,9 
5,9 

IV 
IV 
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Figure 2 ISM-based model 

The element for which the reachability and intersection sets are the same is the top-level element in the 
hierarchy. Once a top-level item is identified, it is separated from other items, and then the same process finds the 
next level. By identifying all levels, the final model can be created. According to the analysis carried out, barriers 1, 
4 and 7 are at level I, i.e. at the top of the hierarchy. The next level are barriers: 2, 6 and 8, the third level is barrier 
3, and the last, fourth level - barriers 5 and 9.  

On the basis of the obtained levels and the assessment of the relationship between the variables made by experts, 
the connections between nodes were identified, as shown in Figure 2. Experts pointed to the most important impact 
that individual barriers have on each other. Of all the interviews, the most frequently repeated item was selected. 

3.3. MICMAC analysis 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
Figure 3 Driving power and dependence diagram 
 

MICMAC analysis allows to compare the level of strength and dependence of individual barriers. The matrix is 
divided into four clusters: 

- the first one contains barriers with a low strength of influence and a low level of dependence on other barriers. 
As a rule, they have a small number of high-strength links; 

- the second one includes barriers with a strong force of influence, but a low level of dependence; 
- the third one contains barriers that have both a strong force of influence and a high level of dependency. These 

barriers are highly unstable because whatever action is taken about them will affect the others as well as affect them 
themselves. 

- the fourth includes barriers with a low potency but a high level of dependence. 
The distribution of knowledge management barriers in virtual teams is presented in Figure 3. The barriers in the 

second and third clusters are key barriers, according to it, the key barriers are: Information Technology, Mindset, 
Technological competences, Plan of work, Social competences, Project Manager and Collaboration. 

3.4. Results 

The conducted research made it possible to present the most important barriers to knowledge management, along 
with their hierarchy (Figure 2). The barriers at the lowest level are strategic factors. It is a poor work plan and the 
lack of collaboration of team members that have an impact on the final goal of the project and not effective 
knowledge management. At the middle levels of the hierarchy there are operational factors influencing the 
performance of teams. These are barriers that have a huge impact on the entire model due to numerous 
interrelations. Both the competences and mindset of team members and the leader should be on a similar level to 
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enable effective cooperation. The highest level, related to performance, covers all IT and motivational tools, 
including ethics. These are interdependent factors, as deficiencies in any of these three elements will have a 
destructive effect on the knowledge management of the team. 

The research also made it possible to compare the level of strength and dependence of individual barriers. The 
results showed (Figure 3) that ethics is a barrier with low strength and dependence on other barriers. On the other 
hand, cooperation, which has a high impact on other barriers, is an independent factor. The largest group and at the 
same time the most important are high-strength and dependent barriers, which include: information technology, 
mindset, plan of work, social and technological competences, and Project Manager. All actions taken against these 
barriers will have an impact on the others. The last factor that has a low impact on the remaining barriers, but highly 
dependent on them, is motivational tools. 

The comparison of both studies shows that the barriers at the lowest level of the hierarchy (Figure 2) have the 
highest impact on the remaining barriers (Figure 3). On the other hand, barriers at higher levels of the hierarchy are 
characterized by a lower impact on the remaining barriers. 

4. Conclusions 

Knowledge management is an important and difficult process that is implemented both at the level of the 
organization and individual projects. Knowing the barriers that may arise at its various stages is extremely important 
for all members of the project team. Virtual teams are characterized by a specific method of work that affects the 
number and type of barriers that appear in the knowledge management process. Identifying barriers to which 
attention should be paid, especially those with a strategic dimension, which have a high impact on other barriers, can 
significantly affect the appropriate preparation and prevention of the appearance of these barriers. 

The article presents the key barriers to knowledge management in a virtual project team, which were selected 
and described thanks to the analysis of the literature on the subject and interviews conducted among experts. Nine 
most important barriers that have been identified are: Information Technology, Mindset, Technological 
competences, Motivation tools, Plan of work, Social competences, Ethics, Project Manager, Collaboration. The use 
of the TISM model allowed for the analysis of barriers in terms of dependence and impact strength, and also allowed 
to indicate which of the barriers are at the strategic, operational and results-based levels. The TISM method, which 
was used in the article, has already been used by other authors for research in other areas, such as e-government, 
strategy, competitiveness, sustainable enterprise, performance management. [44, 58, 66] It allows to present the 
analyzed issues in a simple and clear manner, thanks to which the logic of the model is transparent. 

ISM-based model and the MICMAC analysis allowed to identify key barriers which are: Information 
Technology, Mindset, Technological competences, Plan of work, Social competences, Project Manager and 
Collaboration. However, barriers at the strategic level of the ISM-based model that have the highest impact on the 
remaining barriers deserve more attention. These barriers were - Plan of work and Collaboration, which are the basis 
for planning both activities and communication in the team. It is these two barriers that members of the virtual team 
should pay special attention to so that all tasks are realistically planned and that the cooperation takes into account 
all the available tools and competences of the team. The research also indicated an independent barrier - ethics, 
which has a low impact on other factors. According to experts, the most dangerous conflicts are those that may arise 
as a result of a mismatch between the ethical standards of individual team members. Another important conclusion 
from the conducted research is that the project manager is distinguished as a person who can constitute a barrier. 
The results of the analyzes showed that the most dangerous is the lack of competences of the leader, unfamiliarity 
with communication and motivational tools, as well as the low level of motivation of the manager himself. The 
project manager has rightly been singled out as often making key decisions about the team's work, including on 
issues related to knowledge management. 

The research is limited by a small group of experts from only three countries. However, the research is an 
introduction to further analysis of knowledge management in virtual teams. It is recommended to conduct a case 
study that will allow to identify the existing barriers, and then compare them with the results obtained from 
presented analysis. 

References 

[1] Adamik, Anna, and Michał Nowicki (2012) "Metody i narzędzia motywowania personelu.” In A. Zakrzewska-Bielawska (ed.), 



808 Hanna Soroka-Potrzebna  et al. / Procedia Computer Science 207 (2022) 800–809
 Author name / Procedia Computer Science 00 (2022) 000–000  9 

Podstawy zarządzania, Wydawnictwo Wolters Kluwer, Warszawa, pp. 360 – 392. 
[2] Ajmal, Mian M., Tauno Kekäle, and Josu Takala (2009) "Cultural impacts on knowledge management and learning in project‐based 

firms." The Journal of Information and Knowledge Systems 39 (4): 339-352. 
[3] Akgün, Ali E., et al. (2017) "Knowledge sharing barriers in software development teams: A multiple case study in Turkey." 

Kybernetes 46 (4): 603-620. 
[4] Anderson, Anne H., et al. (2007) "Virtual team meetings: An analysis of communication and context." Computers in Human Behavior 

23 (5): 2558-2580. 
[5] Andriessen, Erik (2007) “Less mobile, more virtual.” Learning remote communication to save costs and the climate. White paper. 

Didactic materials for the Master Erasmus Mundus course on Psychology of Work Organization and Human Resources. Valencia.  
[6] Arora, Pujak, Dawn Owens, and Deepak Khazanchi (2010) "A pattern-based tool for knowledge management in virtual projects." The 

IUP Journal of knowledge management 8 (3): 60-80.  
[7] Bell, Bradford S., and Steve WJ Kozlowski (2002) "A typology of virtual teams: Implications for effective leadership." Group & 

organization management 27 (1): 14-49. 
[8] Boiral, Olivier (2002) "Tacit knowledge and environmental management." Long Range Planning 35 (3): 291-317. 
[9] Cakrt Michal (1996) „Kto jest kim. Typy osobowości dla menedżerów” Helion, Gliwice, p. 29. 
[10] Cascio, Wayne F., and Stan Shurygailo (2003) "E-leadership and virtual teams." Organizational dynamics 31: 362-376. 
[11] Cohen, Yuval, Hana Ornoy, and Baruch Keren (2013) "MBTI personality types of project managers and their success: A field 

survey." Project Management Journal 44 (3): 78-87. 
[12] de Araujo, Valdemilson de Assis Alves, et al. (2021) "The effects of internal stickiness on the success of projects." International 

Journal of Managing Projects in Business 15 (1): 175-191. 
[13] de Nadae, Jeniffer, and Marly Monteiro de Carvalho (2021) "Exploring the Dyad Communication and Knowledge Management: A 

Study Investigating the Main Barriers in Complex Project Context." The Journal of Modern Project Management 9(1).  
[14] DesJardins, Joseph R., and Joseph R. DesJardins (2009) “An introduction to business ethics”, McGraw-Hill Higher Education, New 

York.  
[15] Dorairaj, Siva, James Noble, and Petra Malik (2012) "Knowledge management in distributed agile software development." Agile 

Conference. IEEE, pp. 64-73.  
[16] Dubey, Rameshwar, and Ali, Sadia (2014) “Identification of Flexible Manufacturing System Dimensions and Their Interrelationsh ip 

Using Total Interpretive Structural Modelling and Fuzzy MICMAC Analysis.” Global Journal of Flexible Systems Management 15: 
131-143. 

[17] Dweck, Carol S. (2006)  “Mindset: The new psychology of success.” Ballantine Books, New York. 
[18] Eberlein, Mario (2008) "Culture as a critical success factor for successful global project management in multi-national IT service 

projects." Journal of Information Technology Management 19 (3): 27-42. 
[19] Falcone,  Paul, and Winston  Tan (2013) “The  performance  appraisal  tool  kit:  redesigning your  performance  review  template  to  

drive  individua and  organizational change.” Amacom. 
[20] Garro-Abarca, Victor, Pedro Palos-Sanchez, and Mariano Aguayo-Camacho (2021) "Virtual teams in times of pandemic: factors that 

influence performance." Frontiers in Psychology 12: 232. 
[21] Gassmann, Oliver, and Maximilian Von Zedtwitz (2003) "Trends and determinants of managing virtual R&D teams." R&D 

Management 33 (3): 243-262. 
[22] Gitlab (2020), The Remote Work Report by GitLab: The Future of Work is Remote. 
[23] Habeh, Orabi, et al. (2021) "Knowledge sharing challenges and solutions within software development team: a systematic review.", in 

Al-Emran, Mostafa, Khaled Shaalan, and Aboul Ella Hassanien, eds. Recent advances in intelligent systems and smart applications, 
Springer, pp. 121-141. 

[24] Hertel, Guido, Susanne Geister, and Udo Konradt (2005) "Managing virtual teams: A review of current empirical research." Human 
resource management review 15 (1): 69-95. 

[25] Holste, J. Scott, and Dail Fields (2010) "Trust and tacit knowledge sharing and use." Journal of knowledge management 14 (1): 128-
140. 

[26] IPMA (2019) "Individual Competence Baseline." Nijkerk, The Netherlands. 
[27] Johnson, Craig Edward (2007) “Ethics in the workplace: Tools and tactics for organizational transformation.” Sage Publications, 

Thousand Oaks. 
[28] Johnson, Kris (2018) "Using a “Project Management Mindset” as an Administrative Approach to Creating Workplace Efficiencies & 

Building Employee Leadership Skills.", in Project Management in the Library Workplace. Emerald Publishing Limited, Bingley, pp. 
245-259.  

[29] Kerzner, Harold (2009) "Project management: A systems approach to planning, scheduling and controlling” 10th ed., John Wiley & 
Sons, Inc., Hoboken, NJ. 

[30] Kleim Ralph L. (2011) “Ethics and Project Management.” CRC Press, Boca Raton. 
[31] Köster, Kathrin (2009) “International project management” Sage Publication Ltd, London, pp. 657–662. 
[32] Kozusznik, Malgorzata (2008) "Challenges and barriers of virtual teams in organizations: The context of Poland." 2008 IEEE 

International Technology Management Conference (ICE). IEEE, pp. 1-6.  
[33] Krok, Ewa (2014) "Rola i znaczenie technologii informacyjnej w edukacji." Zeszyty Naukowe. Studia Informatica 35, Wydawnictwo 

Uniwersytetu Szczecińskiego, Szczecin, pp. 53-64. 
[34] Kukko, Marianne (2013) "Knowledge sharing barriers in organic growth: A case study from a software company." The Journal of 

High Technology Management Research 24 (1): 18-29.  
[35] Lee, Jong Seok, Mark Keil, and Kin Fai Ellick Wong (2021) "When a growth mindset can backfire and cause escalation of 

commitment to a troubled information technology project." Information Systems Journal 31 (1): 7-32. 
[36] Leenders, Roger Th AJ, Jo ML Van Engelen, and Jan Kratzer (2003) "Virtuality, communication, and new product team creativity: a 

social network perspective." Journal of Engineering and technology management 20 (1-2): 69-92. 

10 Hanna Soroka-Potrzebna/ Procedia Computer Science 00 (2022) 000–000 

[37] Liebowitz, Jay, and Isaac Megbolugbe (2003) "A set of frameworks to aid the project manager in conceptualizing and implementing 
knowledge management initiatives." International Journal of project management 21 (3): 189-198. 

[38] Lurey, Jeremy S., and Mahesh S. Raisinghani (2001) "An empirical study of best practices in virtual teams." Information & 
Management 38 (8): 523-544.  

[39] Mandal, Anukul, and S. G. Deshmukh (1994) "Vendor selection using interpretive structural modelling (ISM)." International journal 
of operations & production management 14 (6): 52–59. 

[40] Marchewka, Małgorzata, and Krzysztof Woźniak (2020) „Przywództwo w wirtualnych zespołach projektowych” in Walas-Trębacz J., 
Małkusa T. (eds) Zarządzanie organizacjami w społeczeństwie informacyjnym. Projekty-procesy-struktury, Dom Organizatora, Toruń, 
pp.49-60.  

[41] Meluso, John, Susan Johnson, and James Bagrow (2022)"Flexible Environments for Hybrid Collaboration: Redesigning Virtual Work 
Through the Four Orders of Design." Design Issues 38 (1): 55-69.  

[42] Meng, Xianhai, and Paul Boyd (2017) "The role of the project manager in relationship management." International Journal of Project 
Management 35 (5): 717-728. 

[43] Molchanova, Olga, and Valentina Gerasimenko (2018) "Knowledge sharing in further business education: Russian experience." 
European Conference on Knowledge Management. Academic Conferences International Limited. 

[44] Nasim, Saboohi (2011) "Total interpretive structural modeling of continuity and change forces in e-government." Journal of 
Enterprise Transformation 1 (2): 147-168. 

[45] Olaniran, Olugbenga Jide (2017) "Barriers to tacit knowledge sharing in geographically dispersed project teams in oil and gas 
projects." Project Management Journal 48 (3): 41-57.  

[46] Peters, Linda M., and Charles C. Manz (2007) "Identifying antecedents of virtual team collaboration." Team Performance 
Management: An International Journal 13: 117-129. 

[47] Pietroń-Pyszczek, Agata, and Małgorzata Trenkner (2009) "Społeczne aspekty zarządzania projektem." Prace Naukowe Uniwersytetu 
Ekonomicznego we Wrocławiu 52 Podejście procesowe w organizacjach, pp. 424-430. 

[48] Powell, Anne, Gabriele Piccoli, and Blake Ives (2004) "Virtual teams: a review of current literature and directions for future 
research.” ACM SIGMIS Database: the DATABASE for Advances in Information Systems 35 (1): 6-36.  

[49] Project Management Institute (2017) “A Guide to the Project Management Body of Knowledge” 6th ed., Project Management 
Institute, Inc., Newtown Square, PA. 

[50] Ratheeswari, K. (2018) “Information communication technology in education.” Journal of Applied and Advanced research 3 (1): 45-
47. 

[51] Riege, Andreas (2005) "Three‐dozen knowledge‐sharing barriers managers must consider." Journal of knowledge management 9 (3): 
18–35. 

[52] Robertson, Judy (2011) "The educational affordances of blogs for self-directed learning." Computers & Education 57 (2): 1628-1644. 
[53] Scheiner, Christian W. (2015) "The motivational fabric of gamified idea competitions: The evaluation of game mechanics from a 

longitudinal perspective." Creativity and Innovation Management 24 (2): 341-352. 
[54] Schinzinger, Roland (2000) "Introduction to engineering ethics.", McGraw-Hill, Boston. 
[55] Seetharaman, A., et al. (2019) "Impact of knowledge sharing on virtual team projects." International Journal of Knowledge 

Management Studies 10 (4): 337-364.  
[56] Singh, M.D. and R. Kant (2008) “Knowledge Management Barriers: An Interpretive Structural Modeling Approach. International.” 

Journal of Management Science and Engineering Management 3: 141-150. 
[57] Soong, MH Benson, et al. (2001) "Critical success factors for on-line course resources." Computers & education 36 (2): 101-120. 
[58] Srivastava, Amit Kumar (2013) "Modeling strategic performance factors for effective strategy execution." International Journal of 

Productivity and Performance Management 62 (6): 354–582. 
[59] Sushil, (2009) “Interpretive ranking process.” Global Journal of Flexible Systems Management 10 (4): 1–10. 
[60] Sushil, (2012) “Interpreting the interpretive structural model.” Global Journal of Flexible Systems Management 13 (2): 87–106. 
[61] Sysło, Maciej (2012) "Technologia informacyjna w edukacji." Stowarzyszenie Nauczycieli Technologii Informacyjnej, in http://www. 

snti. pl/snti/files/ti_w_edukacji. pdf [24.11. 2019]. 
[62] Townsend, Anthony M., Samuel M. DeMarie, and Anthony R. Hendrickson (1998) "Virtual teams: Technology and the workplace of 

the future." Academy of Management Perspectives 12 (3): 17-29. 
[63] UGWU, Ndidiamaka Patience, and Kingsley Nnaekwe (2019) "The concept and application of ICT to teaching/learning process." 

International Research Journal of Mathematics, Engineering and IT 6 (2): 10-22. 
[64] Van Den Hooff, Bart, and Jan A. De Ridder (2004) "Knowledge sharing in context: the influence of organizational commitment, 

communication climate and CMC use on knowledge sharing." Journal of knowledge management 8: 117–130. 
[65] Warfield, John N. (1994) “A science of generic design: Managing complexity through systems design.” Iowa State University Press, 

Iowa. 
[66] Wasuja, Sachin, and Mahim Sagar (2012) "Cognitive bias in salespersons in specialty drug selling of pharmaceutical industry." 

International Journal of Pharmaceutical and Healthcare Marketing 6 (4): 310–335. 
[67] Wdowiak, Anna (2020) „Motywowanie pracowników w zwinnych zespołach projektowych.” in Kołodziejczak M., Bednarskia-Wnuk 

I., Świątek-Barylska I. (eds.) Metody i techniki zarządzania. Inspiracje dla teorii i praktyki, Wydawnictwo Uniwersytetu Łódzkiego, 
Łódź, pp. 169-193. 

[68] Wibowo, Wahyu Catur, et al. (2018) "Prioritizing solutions for overcoming knowledge transfer barriers in software development 
using the fuzzy analytic hierarchy process." Knowledge Management & E-Learning: An International Journal 10 (2): 217-249. 

[69] Wiewiora, Anna, et al. (2013) "Organizational culture and willingness to share knowledge: A competing values perspective in 
Australian context." International Journal of Project Management 31 (8): 1163-1174.  

[70] Xue, Yajiong, et al. (2012) "An empirical study of knowledge sharing intention within virtual teams." International Journal of 
Knowledge Management (IJKM) 8 (3): 47-61. 

[71] Zwikael, Ofer (2009) "Critical planning processes in construction projects." Construction innovation 9: 372–387. 



 Hanna Soroka-Potrzebna  et al. / Procedia Computer Science 207 (2022) 800–809 809
 Author name / Procedia Computer Science 00 (2022) 000–000  9 

Podstawy zarządzania, Wydawnictwo Wolters Kluwer, Warszawa, pp. 360 – 392. 
[2] Ajmal, Mian M., Tauno Kekäle, and Josu Takala (2009) "Cultural impacts on knowledge management and learning in project‐based 

firms." The Journal of Information and Knowledge Systems 39 (4): 339-352. 
[3] Akgün, Ali E., et al. (2017) "Knowledge sharing barriers in software development teams: A multiple case study in Turkey." 

Kybernetes 46 (4): 603-620. 
[4] Anderson, Anne H., et al. (2007) "Virtual team meetings: An analysis of communication and context." Computers in Human Behavior 

23 (5): 2558-2580. 
[5] Andriessen, Erik (2007) “Less mobile, more virtual.” Learning remote communication to save costs and the climate. White paper. 

Didactic materials for the Master Erasmus Mundus course on Psychology of Work Organization and Human Resources. Valencia.  
[6] Arora, Pujak, Dawn Owens, and Deepak Khazanchi (2010) "A pattern-based tool for knowledge management in virtual projects." The 

IUP Journal of knowledge management 8 (3): 60-80.  
[7] Bell, Bradford S., and Steve WJ Kozlowski (2002) "A typology of virtual teams: Implications for effective leadership." Group & 

organization management 27 (1): 14-49. 
[8] Boiral, Olivier (2002) "Tacit knowledge and environmental management." Long Range Planning 35 (3): 291-317. 
[9] Cakrt Michal (1996) „Kto jest kim. Typy osobowości dla menedżerów” Helion, Gliwice, p. 29. 
[10] Cascio, Wayne F., and Stan Shurygailo (2003) "E-leadership and virtual teams." Organizational dynamics 31: 362-376. 
[11] Cohen, Yuval, Hana Ornoy, and Baruch Keren (2013) "MBTI personality types of project managers and their success: A field 

survey." Project Management Journal 44 (3): 78-87. 
[12] de Araujo, Valdemilson de Assis Alves, et al. (2021) "The effects of internal stickiness on the success of projects." International 

Journal of Managing Projects in Business 15 (1): 175-191. 
[13] de Nadae, Jeniffer, and Marly Monteiro de Carvalho (2021) "Exploring the Dyad Communication and Knowledge Management: A 

Study Investigating the Main Barriers in Complex Project Context." The Journal of Modern Project Management 9(1).  
[14] DesJardins, Joseph R., and Joseph R. DesJardins (2009) “An introduction to business ethics”, McGraw-Hill Higher Education, New 

York.  
[15] Dorairaj, Siva, James Noble, and Petra Malik (2012) "Knowledge management in distributed agile software development." Agile 

Conference. IEEE, pp. 64-73.  
[16] Dubey, Rameshwar, and Ali, Sadia (2014) “Identification of Flexible Manufacturing System Dimensions and Their Interrelationsh ip 

Using Total Interpretive Structural Modelling and Fuzzy MICMAC Analysis.” Global Journal of Flexible Systems Management 15: 
131-143. 

[17] Dweck, Carol S. (2006)  “Mindset: The new psychology of success.” Ballantine Books, New York. 
[18] Eberlein, Mario (2008) "Culture as a critical success factor for successful global project management in multi-national IT service 

projects." Journal of Information Technology Management 19 (3): 27-42. 
[19] Falcone,  Paul, and Winston  Tan (2013) “The  performance  appraisal  tool  kit:  redesigning your  performance  review  template  to  

drive  individua and  organizational change.” Amacom. 
[20] Garro-Abarca, Victor, Pedro Palos-Sanchez, and Mariano Aguayo-Camacho (2021) "Virtual teams in times of pandemic: factors that 

influence performance." Frontiers in Psychology 12: 232. 
[21] Gassmann, Oliver, and Maximilian Von Zedtwitz (2003) "Trends and determinants of managing virtual R&D teams." R&D 

Management 33 (3): 243-262. 
[22] Gitlab (2020), The Remote Work Report by GitLab: The Future of Work is Remote. 
[23] Habeh, Orabi, et al. (2021) "Knowledge sharing challenges and solutions within software development team: a systematic review.", in 

Al-Emran, Mostafa, Khaled Shaalan, and Aboul Ella Hassanien, eds. Recent advances in intelligent systems and smart applications, 
Springer, pp. 121-141. 

[24] Hertel, Guido, Susanne Geister, and Udo Konradt (2005) "Managing virtual teams: A review of current empirical research." Human 
resource management review 15 (1): 69-95. 

[25] Holste, J. Scott, and Dail Fields (2010) "Trust and tacit knowledge sharing and use." Journal of knowledge management 14 (1): 128-
140. 

[26] IPMA (2019) "Individual Competence Baseline." Nijkerk, The Netherlands. 
[27] Johnson, Craig Edward (2007) “Ethics in the workplace: Tools and tactics for organizational transformation.” Sage Publications, 

Thousand Oaks. 
[28] Johnson, Kris (2018) "Using a “Project Management Mindset” as an Administrative Approach to Creating Workplace Efficiencies & 

Building Employee Leadership Skills.", in Project Management in the Library Workplace. Emerald Publishing Limited, Bingley, pp. 
245-259.  

[29] Kerzner, Harold (2009) "Project management: A systems approach to planning, scheduling and controlling” 10th ed., John Wiley & 
Sons, Inc., Hoboken, NJ. 

[30] Kleim Ralph L. (2011) “Ethics and Project Management.” CRC Press, Boca Raton. 
[31] Köster, Kathrin (2009) “International project management” Sage Publication Ltd, London, pp. 657–662. 
[32] Kozusznik, Malgorzata (2008) "Challenges and barriers of virtual teams in organizations: The context of Poland." 2008 IEEE 

International Technology Management Conference (ICE). IEEE, pp. 1-6.  
[33] Krok, Ewa (2014) "Rola i znaczenie technologii informacyjnej w edukacji." Zeszyty Naukowe. Studia Informatica 35, Wydawnictwo 

Uniwersytetu Szczecińskiego, Szczecin, pp. 53-64. 
[34] Kukko, Marianne (2013) "Knowledge sharing barriers in organic growth: A case study from a software company." The Journal of 

High Technology Management Research 24 (1): 18-29.  
[35] Lee, Jong Seok, Mark Keil, and Kin Fai Ellick Wong (2021) "When a growth mindset can backfire and cause escalation of 

commitment to a troubled information technology project." Information Systems Journal 31 (1): 7-32. 
[36] Leenders, Roger Th AJ, Jo ML Van Engelen, and Jan Kratzer (2003) "Virtuality, communication, and new product team creativity: a 

social network perspective." Journal of Engineering and technology management 20 (1-2): 69-92. 

10 Hanna Soroka-Potrzebna/ Procedia Computer Science 00 (2022) 000–000 

[37] Liebowitz, Jay, and Isaac Megbolugbe (2003) "A set of frameworks to aid the project manager in conceptualizing and implementing 
knowledge management initiatives." International Journal of project management 21 (3): 189-198. 

[38] Lurey, Jeremy S., and Mahesh S. Raisinghani (2001) "An empirical study of best practices in virtual teams." Information & 
Management 38 (8): 523-544.  

[39] Mandal, Anukul, and S. G. Deshmukh (1994) "Vendor selection using interpretive structural modelling (ISM)." International journal 
of operations & production management 14 (6): 52–59. 

[40] Marchewka, Małgorzata, and Krzysztof Woźniak (2020) „Przywództwo w wirtualnych zespołach projektowych” in Walas-Trębacz J., 
Małkusa T. (eds) Zarządzanie organizacjami w społeczeństwie informacyjnym. Projekty-procesy-struktury, Dom Organizatora, Toruń, 
pp.49-60.  

[41] Meluso, John, Susan Johnson, and James Bagrow (2022)"Flexible Environments for Hybrid Collaboration: Redesigning Virtual Work 
Through the Four Orders of Design." Design Issues 38 (1): 55-69.  

[42] Meng, Xianhai, and Paul Boyd (2017) "The role of the project manager in relationship management." International Journal of Project 
Management 35 (5): 717-728. 

[43] Molchanova, Olga, and Valentina Gerasimenko (2018) "Knowledge sharing in further business education: Russian experience." 
European Conference on Knowledge Management. Academic Conferences International Limited. 

[44] Nasim, Saboohi (2011) "Total interpretive structural modeling of continuity and change forces in e-government." Journal of 
Enterprise Transformation 1 (2): 147-168. 

[45] Olaniran, Olugbenga Jide (2017) "Barriers to tacit knowledge sharing in geographically dispersed project teams in oil and gas 
projects." Project Management Journal 48 (3): 41-57.  

[46] Peters, Linda M., and Charles C. Manz (2007) "Identifying antecedents of virtual team collaboration." Team Performance 
Management: An International Journal 13: 117-129. 

[47] Pietroń-Pyszczek, Agata, and Małgorzata Trenkner (2009) "Społeczne aspekty zarządzania projektem." Prace Naukowe Uniwersytetu 
Ekonomicznego we Wrocławiu 52 Podejście procesowe w organizacjach, pp. 424-430. 

[48] Powell, Anne, Gabriele Piccoli, and Blake Ives (2004) "Virtual teams: a review of current literature and directions for future 
research.” ACM SIGMIS Database: the DATABASE for Advances in Information Systems 35 (1): 6-36.  

[49] Project Management Institute (2017) “A Guide to the Project Management Body of Knowledge” 6th ed., Project Management 
Institute, Inc., Newtown Square, PA. 

[50] Ratheeswari, K. (2018) “Information communication technology in education.” Journal of Applied and Advanced research 3 (1): 45-
47. 

[51] Riege, Andreas (2005) "Three‐dozen knowledge‐sharing barriers managers must consider." Journal of knowledge management 9 (3): 
18–35. 

[52] Robertson, Judy (2011) "The educational affordances of blogs for self-directed learning." Computers & Education 57 (2): 1628-1644. 
[53] Scheiner, Christian W. (2015) "The motivational fabric of gamified idea competitions: The evaluation of game mechanics from a 

longitudinal perspective." Creativity and Innovation Management 24 (2): 341-352. 
[54] Schinzinger, Roland (2000) "Introduction to engineering ethics.", McGraw-Hill, Boston. 
[55] Seetharaman, A., et al. (2019) "Impact of knowledge sharing on virtual team projects." International Journal of Knowledge 

Management Studies 10 (4): 337-364.  
[56] Singh, M.D. and R. Kant (2008) “Knowledge Management Barriers: An Interpretive Structural Modeling Approach. International.” 

Journal of Management Science and Engineering Management 3: 141-150. 
[57] Soong, MH Benson, et al. (2001) "Critical success factors for on-line course resources." Computers & education 36 (2): 101-120. 
[58] Srivastava, Amit Kumar (2013) "Modeling strategic performance factors for effective strategy execution." International Journal of 

Productivity and Performance Management 62 (6): 354–582. 
[59] Sushil, (2009) “Interpretive ranking process.” Global Journal of Flexible Systems Management 10 (4): 1–10. 
[60] Sushil, (2012) “Interpreting the interpretive structural model.” Global Journal of Flexible Systems Management 13 (2): 87–106. 
[61] Sysło, Maciej (2012) "Technologia informacyjna w edukacji." Stowarzyszenie Nauczycieli Technologii Informacyjnej, in http://www. 

snti. pl/snti/files/ti_w_edukacji. pdf [24.11. 2019]. 
[62] Townsend, Anthony M., Samuel M. DeMarie, and Anthony R. Hendrickson (1998) "Virtual teams: Technology and the workplace of 

the future." Academy of Management Perspectives 12 (3): 17-29. 
[63] UGWU, Ndidiamaka Patience, and Kingsley Nnaekwe (2019) "The concept and application of ICT to teaching/learning process." 

International Research Journal of Mathematics, Engineering and IT 6 (2): 10-22. 
[64] Van Den Hooff, Bart, and Jan A. De Ridder (2004) "Knowledge sharing in context: the influence of organizational commitment, 

communication climate and CMC use on knowledge sharing." Journal of knowledge management 8: 117–130. 
[65] Warfield, John N. (1994) “A science of generic design: Managing complexity through systems design.” Iowa State University Press, 

Iowa. 
[66] Wasuja, Sachin, and Mahim Sagar (2012) "Cognitive bias in salespersons in specialty drug selling of pharmaceutical industry." 

International Journal of Pharmaceutical and Healthcare Marketing 6 (4): 310–335. 
[67] Wdowiak, Anna (2020) „Motywowanie pracowników w zwinnych zespołach projektowych.” in Kołodziejczak M., Bednarskia-Wnuk 

I., Świątek-Barylska I. (eds.) Metody i techniki zarządzania. Inspiracje dla teorii i praktyki, Wydawnictwo Uniwersytetu Łódzkiego, 
Łódź, pp. 169-193. 

[68] Wibowo, Wahyu Catur, et al. (2018) "Prioritizing solutions for overcoming knowledge transfer barriers in software development 
using the fuzzy analytic hierarchy process." Knowledge Management & E-Learning: An International Journal 10 (2): 217-249. 

[69] Wiewiora, Anna, et al. (2013) "Organizational culture and willingness to share knowledge: A competing values perspective in 
Australian context." International Journal of Project Management 31 (8): 1163-1174.  

[70] Xue, Yajiong, et al. (2012) "An empirical study of knowledge sharing intention within virtual teams." International Journal of 
Knowledge Management (IJKM) 8 (3): 47-61. 

[71] Zwikael, Ofer (2009) "Critical planning processes in construction projects." Construction innovation 9: 372–387. 


