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Abstract—Nowadays the current state of development of information and 
communication technology (ICT) connects individuals across time and space in 
one common environment that is accessible for anyone, creating the virtual 
world. To collaborate with somebody or to participate in a team activity does 
not require a physical presence anymore. Virtual settings allow real-time com-
munication and cooperation across any distance at any time with negligible de-
lay. ICT allows formation of virtual teams to accomplish various functions in 
work, education and private life. Compared to local teams of physically present 
individuals, the collaboration in virtual environments is more intensively influ-
enced by external and internal impact factors and requires active motivation of 
the team members, extensive support by their team leader and appropriate tech-
nology. Among all the available ICT tools, not each ICT tool is equally suitable 
for each and every team activity. This paper aims to provide analysis of various 
ICT tools, to disclose their potential to contribute to team’s quality communica-
tion and to reduce drawbacks caused by impersonal environment. Our aim is to 
optimize the composition of the ICT supporting infrastructure in order to form 
successful and effective collaboration. 

Keywords—knowledge management, collaboration, virtual teams, ICT, SECI 
model 

1 Introduction 

In today’s Digital Era, digital environments allow real-time communication and 
collaboration across any distance. The rise of digital technology, especially the devel-
opment of affordable mobile and wireless applied engineering science, the dominant 
technology driver [[1]], enabled the emergence of information and communication 
technology (ICT) that is available to everyone and everywhere around the globe and 
allows interconnecting individuals. ICT enables the formation and sharing of infor-
mation and knowledge at long distances in much greater extent than was possible at 
any time before. The affordability and availability of ICT has spread it among people 
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at a great pace making it ubiquitous. The mobile cellular technology achieved in only 
five years the same level of distribution as land-lines have achieved in thirty-one 
years [[2]]. Through the omnipresence of ICT, the share of information among indi-
viduals is within seconds today. 

ICT maintains the sense of presence and awareness of remote locations [[3]] and 
formatting of dispersed collaborative teams. The members of distributed teams can 
exchange their needed information in a timely manner and replace their physical 
"space of place" with the electronic "space of flows" [[4]]. This technology-enhanced 
change leads to a wide application of virtual presence in diverse activities: work, 
education, government and personal life. It has become an integral part of our lives 
[[5]] and represents a substantial portion of our daily habits today. For those, who 
adopted this style of collaboration, it changed our daily routine in every side of lives 
[[6]]. 

Besides overcoming spatial distances, ICT also raised the amount of storable 
knowledge into very large data volumes, notably cut down the execution times of task 
conducting, extended the space for collaboration and excessively increased the rate of 
informational exchange around the globe [[7]]. Through the use of ICTs, the 
knowledge and expertise acquired during millennia became instantly globally acces-
sible to broad public, to each one individual on the planet [[8]]. 

The usage of adequate and satisfactory applications has made virtual communica-
tion a central segment of everyday life in companies and organizations [[9]]. Nowa-
days, the information and communication technology is perceived to represent the 
driver of long-run economic growth [[1]] through its cost effectiveness and disposal 
of powerful tools fostering the inter- and intra-enterprise collaboration [[10]]. The 
technology tools have found their place in their business operations and occupy essen-
tial shares of their present functions. Many entrepreneurs consider ICT means to rep-
resent a necessity, comfortable communication and work tool and some even describe 
their importance as “incorporates everything I need” [[11]]. 

For example, the email represents a conduit through which work and its related in-
formation are distributed [[12]] – one can hardly consider a company not using it. 
Databases and data warehouses [[13]]-[[15]], knowledge management systems [[16]]-
[[21]], intranets [[22]], instant messaging [[23]], digital discussion platforms [[24]], 
Wikis [[25]] and other tailored tools support and/or enable executions of their busi-
ness operations and emerge new opportunities of future business activities.  

In late 80’s, groupware became a tool for sharing ideas at distance [[26]]-[[27]]. In 
the beginning, it referred to “a piece of software with shared access to its data” and 
identified a computer-based system with social group processes [[28]]. Nevertheless, 
it represented an important move from an individual’s computer usage to group’s 
practices. On the other hand, team collaboration cannot be limited only to the ex-
change of needed data. The grouped individuals must also participate on their idea’s 
design and development, on exploiting and sharing their knowledge, opinions and 
experience. In other words, it must be a functioning team where the tasks of individu-
als are interconnected and depending on each other as teams create resources and add 
to environments while groups manage and redistribute resources without stable inter-
personal relations [[29]]. The concept of virtual teams has been developing in a step-
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wise manner towards these concepts. The groupware evolved into computer-based 
systems that support groups engaged in a common task and now provides a multifac-
eted interface to a shared environment [[30]]-[[31]] in real time enabling team crea-
tion and functioning in times when the pace of information exchange is becoming a 
significant need for every company. ICT enables fast sharing and quick distribution of 
information [[32]]. 

From that point of view, virtual teams have to be considered as an intertwined 
composition of individuals and their technology. Some researchers describes the level 
of team virtuality as “the extent to which team members use virtual tools to coordi-
nate and execute team processes” [[33]]. Its level expresses the degree in which the 
team members combine their virtual presence with the exploitation of communication 
via technology. Not all teams must be 100% virtual to achieve impressive results. 
Frequently, the team members combine their real and virtual presence to balance their 
time restrictions and/or travel obstacles.  

To highlight the importance of the mutual interconnections among geographically 
distant and virtually assembled team members and the technology tools enabling the 
existence of such a team, our paper is devoted to the analysis of the ICT means and 
their extensive fostering support of the establishment and functioning of a team in a 
virtual world. The reason is also that despite the continuous research in the field of 
virtual teams that is documented by provided references of this contribution, there are 
still gaps to be exploited that would enhance the theoretical comprehension of the 
conception of virtual collaboration and teaming [[35]]: the knowledge sharing has not 
reached the expected level. 

Our paper is organized as follows: In Section 2, we specify the concept of a virtual 
team by reviewing its definition and providing our perception of the term, define its 
functions and identify advantages and benefits it provides to business organizations. 
In Section 3, we point to some drawbacks and difficulties of virtual teaming that may 
hinder achieving team objectives and disrupt mutual collaboration among team mem-
bers. In Section 4, the Nonaka’s and Takeuchi’s SECI model [[37]]-[[39]] serves us as 
a benchmark for covering teams’ activities and communication processes and for 
identifying software tools facilitating their execution. Our methodology covers col-
laboration tools in business organizations as well as those in academic institutes used 
for educational purposes. The collected information was then projected into the SECI 
model structure and discussed. In Conclusions, we summarize our key results, evalu-
ate our approach, and assign its future development. 

2 Virtual Team 

In this section we identify the differences between locally-allocated teams and the 
virtual ones and compare them in order to define the concept of “virtual team”.  

Multinational companies have exploited international expert teams for years. In the 
past, their personal collaboration on an agreed site was their leading style of work. 
The global financial crisis imposed travel budget cuts that intensified the trend of 
going virtually in business operations [[9]]. At the same time, the advancement of ICT 
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allowed information specialists to participate in IT projects at distance and made it 
their common practice. The concept quickly spread around various organizations due 
to outsourcing and globalization and led to ever increasing internationalization of 
companies [[40]] i.e. the hypercompetitive business environment have been the cata-
lyst for a new form of working unite – virtual team [[41]]. Its existence designates an 
abstract requirement for a group of individuals that collectively possesses certain 
skills necessary for fulfilling a given task [[42]]. Often, the members of virtual teams 
never meet face-to-face. They rely on email, video and/or phone conferencing, and 
special network-based collaboration tools supporting their work [[43]]. The virtual 
team is an emerging phenomenon with significant implications to the way of working 
we have known so far [[44]]. 

Alike a local team, the virtual team must in the first place be a functioning body. In 
other words, it is “a collection of individuals who are interdependent in their tasks, 
share responsibility for outcomes, see themselves and are viewed by others as an 
intact social unit embedded in one or more social systems, and collectively manage 
their relationships across organizational boundaries” [[45]]. It is formed by a limited 
number of people with complementary skills who are committed to a common pur-
pose, performance goals, and approach for which they consider themselves mutually 
accountable [[46]]. Teams, unlike groups, consist of people with a high degree of 
interdependence geared toward the achievement of a goal or the completion of a task 
[[5]], [[47]].  

The virtual team members interact through interdependent tasks targeted to a 
common purpose and collaborate through ICT tools in a virtual world [[48]]. The 
main characteristic of virtual teams is their strong dependence on technology-
mediated communication and limited face-to-face interaction during the completion 
of their tasks mostly caused by the geographical dispersion of their members [[49]] – 
the members can span the World [[50]]. In extreme versions, team members speak 
different native languages, are situated on different continents in various countries, 
interact exclusively through computer mediated communication using a lingua franca 
that represent a foreign language (mostly English) for all of team members and rarely 
or never see or even speak to one another directly face-to-face in person [[51]]. Virtu-
al teams allow managers to summon employees having no formal relation to each 
other or even do not know anything about each other prior their inclusion [[52]]. On 
one side, this allows selecting people with suitable skills and experience, on the other 
side; it might hinder their future communication as shown below. In principle, more 
than one group might have the required mix of skills and could play the role of con-
crete satisfier in a particular (virtually organized) task [[42]]. As the organizations 
have a limited amount on resources and try to use them wisely, the virtual teams open 
new opportunities for people from around the world. The virtual environment dimin-
ishes the importance of the place of living and origin – only the performance, skills 
and character of individuals become important. Furthermore, use of ICT for the exe-
cution of business operation and virtual teaming leads to cost reductions, increased 
operational efficiency and enhanced innovation due to the acquisition of highly 
skilled employee teams without geographical and time barriers [[53]]. 
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In the academic world, several applications form virtual learning environments 
[[54]], e.g. the learning open source platform Moodle [[55]]-[[56]], BlackBoard 
[[57]], NovoEd [[58]], etc. interactive course materials, labs and quizzes [[59]]-[[60]] 
as well as tutorials and simulations [[61]]. Research findings show a higher stress on 
the development of ICT applications in order to make students more confident in their 
digital competences [[62]] expecting students to work in virtual teams is less frequent. 
At the same time, such projects enrich students with experience in a real world of 
intercultural communication, time zones, time management and virtual teaming [[63]] 
presuming that they are cautiously designed and the team members are appropriately 
instructed [[64]]. They provide an invaluable experience that can be later efficiently 
exploited by the students’ future employers. 

The review of above sources can be summarized as follows: 

• Virtual collaboration through a computerized network allows companies to reallo-
cate their resources in accordance to the needs of their business operations. Search 
for appropriate candidates is no longer bound to the given geographical location. 

• Communicating and sharing information, data or knowledge is a team-formative 
component that often forces its members to leave their comfort zones and expect-
antly results in a synergy effect. 

• The projects can benefit from higher creativity resulting from the team members’ 
cultural and professional diversity. That may lead to significant innovations, in-
creased performance and effort gains. 

• Team’s virtual collaboration should support perceiving co-workers through their 
expertise and consequently be less blurred by their personal sympathy, character or 
unfriendliness. Due to that, discrimination factors caused by prejudices or biases 
can be reduced.  

• All team communication can be protocolled and analyzed, i.e., the effectiveness 
and efficiency of the problem solution can be studied and evaluated. The lessons 
learned can be exploited in the future. 

We therefore define the virtual team as an organizational unit which existence in-
dispensably depends on ICT. It is built through a group of people with complementary 
skills who are assigned with interdependent and inseparable tasks leading to a com-
mon goal achieved through their common endeavor to overcome geographical, cul-
tural and social barriers.  

Some characteristics can occasionally be softened. For example, the team members 
can sporadically meet with each other. In our interpretation of the concept, such en-
counters are rather exceptional and a prevailing majority of work and communication 
runs in the virtual space. The face-to-face encounters are especially recommended 
during initial stages of durable projects. Even in short-term projects, they usually lead 
to tighter relations among the team members. Similarly, a geographical distribution is 
not a must – virtual team can be built upon a local group applying teleworking. 
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3 Team Structure and its Impacts 

It is important to stress that practically all factors affecting local (“real”) teams can 
influence virtual teams, too. Naturally, there are some specifics for them – both posi-
tive and negative. 

3.1 Geographical Dispersion 

As the distance between team members grows, the cultural diversity [[65]] be-
comes a significant determinant. It impacts the team members’ behavior [[66]] but it 
may also increase their creativity leading to better alternatives of problem solutions 
[[67]]-[[69]]. Although the cultural diversity has a positive influence on decision-
making, it has a negative influence on communication [[70]]. Cultural differences 
result in problems in cohesion formation [[71]], lead to misunderstandings and cause 
conflicts [[72]]-[[73]] as well as deprive mutual trust among team members [[74]]. 
Communication challenges based on cultural diversity may affect the teams’ ability to 
engage in a constructive conflict [[75]] and may transmute it into a dysfunctional one. 
As a result, even though ICT allows connecting people across locations and enables 
their partnership, such collaboration is in general not as successful as the collabora-
tion of individuals who are physically sharing the work environment [[76]].  

In specific cases, the partner’s identity plays a substantial role in the process, for 
example in virtual classrooms [[77]] or when a decision must be made by an author-
ized individual. The impossibility of his/her authentication may lead into ethical di-
lemmas or to impossibility to complete the executed process. 

The lack of direct interaction amongst team members tends to disrupt social struc-
tures including social linkages, relationships and the sense of connectedness to others 
[[78]]. 

3.2 ICT Infrastructure  

Another aspect that significantly influences the performance of virtual teams repre-
sents the technology itself and factors connected to it: the participant’s technological 
proficiency [[79]], the used technical tool and/or its system incompatibility [[80]]-
[[81]], technology failures [[75]], break downs [[82]] or outages [[83]]-[[85]]. The 
reliability of applied technology and its level of “user-friendliness” can lead to users’ 
frustration, to a decrease of their performance, to stagnations and even to stopping of 
the solution process. The use of different or incompatible technology among individ-
ual team members can cause difficulties in task execution as well [[80]]-[[81]]. 

The utilization of ICT tools in organizations and their integration in business op-
erations allowed also providing real time written group communication of people who 
may and does not have to be assembled in one room. In case of written group chats 
also among participants gathered at one place, the communication is silent and does 
not disturb other individuals present in the same room. This also provides the possi-
bility of resource optimization in form of room reorganization (e.g. open offices).  
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Furthermore, written communication offers the possibility of storing and archiving 
of discussed topics and returning to the topic at any time of need: repeated interac-
tion/comprehension/learning. 

3.3 Style of Communication 

Problems with an insufficient broadband and slow data transfer are frequently 
solved by using asynchronous communication. When the distributed team relies on it, 
delays can appear [[86]]-[[87]]. This can postpone the completion of the task com-
pared to the communication on synchronous base. Asynchronous and, in particular, 
written communication takes longer and may have a negative impact on team perfor-
mance, namely, when not all team members are fully proficient in the language used 
as their lingua franca. 

The selectivity and/or omission of some team members in distribution of a particu-
lar information (done by an accident or on purpose), leads to unnecessary misunder-
standings, conflicts about workflow or frustration within the group. Discriminating 
information processing caused by its selective distribution (when some team members 
do not receive certain substantial information) often leads to inefficiency and may 
have disastrous consequences [[88]]. 

Certain omissions in information transfer and distribution are inherent to the virtual 
teams. The limitations are always present due to the fact that the technology is unable 
to transmit neither context nor emotions. The inability to transfer contextual infor-
mation and its type and amount across time and distance represent a major considera-
tion for virtual teams [[89]]. The contextual factors evoke significant differences be-
tween traditional team work and the virtual team work [[90]] and impact their overall 
outcomes and performance significantly because the contextual information is the key 
to effectiveness. In distributed teams, it is identified with difficulties. It may resolve 
into coordination problems [[91]]. Furthermore, research results confirmed a relation 
among team conflict, team performance and contextual information with conflict 
avoidance and team performance being contingent to contextual information [[92]]. 

Another factor impacting communication is the individualism and collectivism 
emphasis that is present in various cultures differently [[93]] and accounts for most of 
the variance in global differences [[94]]. Individualistic cultures value autonomy, seek 
self-actualization and therefore prefer working alone [[95]]. Individualist-oriented 
individuals are better at sharing explicit knowledge [[96]] and yields higher tendency 
for using ICT means like phone, e-mail and repositories for communication [[97]]. On 
the other hand, collectivist-oriented persons prefer to share tacit knowledge: collec-
tivistic persons learn mainly through mutual exchange with peers and experts building 
on their experience [[98]]. They tend to communicate via ICT tools as phone, e-mail 
and instant messenger [[94]]. 

3.4 Motivation and Leadership 

Compared to local teams having physically presented individuals, the collaboration 
in a virtual environment requires more intensive motivation of its team members and 
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an extensive support by its team leader to maintain the same level of performance 
effectivity [[99]]-[[100]]. The members are likely missing their regular face-to-face 
interaction and therefore it needs to be intentionally created [[101]]. This adds extra 
load to skills of the team leader. Insufficient and ad-hoc motivation of workers and 
insufficient support of their collaboration can cause stagnation similar to a strategy 
loss. 

4 Virtual Collaboration and the SECI Model 

The collaboration of a virtual team has to lead to a real outcome. As we have seen, 
not all barriers to it are objective and rational. For this reason, team leaders have to 
concentrate on managing both rational and not-fully-rational factors. As [[102]] 
shows, the Nonaka’s and Takeuchi’s SECI model [[37]]-[[39]] can clarify the im-
portance of not-fully-rational knowledge in the terms of learning processes and, in 
this way, facilitate the evolution of mutually shared knowledge within teams. 

4.1 Explicit and Tacit Knowledge  

Knowledge in organizations is generally classified into 2 types: explicit and tacit 
[[103]].  

• Explicit knowledge represents the portion of our total knowledge we are aware of. 
As such, it is easier to codify it [[104]] and, subsequently, to digitize. In its digit-
ized format it can be transmitted to others through ICT [[105]], i.e. it represents a 
natural, wide spread and generally accepted part of virtual team’s collaborative ac-
tivities.  

• In difference to it, tacit knowledge represents highly personal and context-specific 
experiences, know-how and skills [[106]]. It is difficult to codify it, to explain it 
[[104]], to formalize it and to communicate it to the others [[107]]. On the other 
hand, it is always present as M. Polanyi explained in his famous quote: “We can 
know more than we can tell” [[108]]. 

The virtual teams must exchange, exploit and elaborate their both explicit 
knowledge (documents, data, processes, etc.) and tacit knowledge (reasoning, person-
al and/or personalized views, feelings, preferences and others) to carry out their tasks. 

4.2 Transferring Knowledge 

Data transferred between computers is always explicit because they are represented 
by (digitally encoded) symbols inscribed by human hands or instruments. The ob-
tained data help to the receiver to resolve a question, to disclose or to reveal distinc-
tions or to evoke a new action [[109]]. At the same time, data becomes information 
through its processing and interpretation [[110]] – by judgements made by an individ-
ual or a group. If the team collaboration would only require data exchange, there 
would be no problems. They appear when for example the receiver’s judgement dif-

102 http://www.i-jep.org



Paper—ICT Collaboration Tools for Virtual Teams in Terms of the SECI Model  

fers from the original meaning encoded by the sender. The partners then act in ac-
cordance to their distinct interpretations. As their believed (but different) interpreta-
tions form preconditions for their knowledge [[111]] and become new knowledge 
through their individual cognitive effort [[112]], even the smallest deviations may 
result to dissimilar interpretations. As the processes are unconscious, none of the 
partners may be aware of his/her delusion. Due to the direct contact of the partners, 
disclosing it is usually easier in face-to-face environments than in virtual ones. For 
this reason, it is difficult to determine when data becomes (relevant) information and 
when this information becomes (relevant) knowledge [[113]].  

Explicit knowledge is being transferred through both ICT and non-ICT methods 
[[114]]. It has been confirmed that data emerges only after there was initial infor-
mation, and that information emerges only based on existing knowledge [[112]]. Un-
less these processes are not coordinated (“unified”) within the collaborating group, 
the risk of misunderstanding is present even in the case of explicit knowledge trans-
fer. 

Tacit knowledge is primarily transferred by non-ICT methods. Research confirmed 
that its transfer can be facilitated through personalized communication tools as video 
and phone records and conferences [[115]]-[[117]] and by email [[117]] due to trans-
mitting some of their human-oriented features as facial expressions or style of writing. 

4.3 The SECI Model 

Nonaka’s and Takeuchi’s SECI model [[37]]-[[39]] describes the process of 
knowledge conversion during which tacit and explicit knowledge expands in quality 
and quantity [[118]]. It compromises 4 processes known as Socialization; Externaliza-
tion; Combination; and Internalization. It highlights the importance of tacit 
knowledge and proposes relevant human interventions in order to achieve the desired 
goal – well-balanced and properly distributed knowledge among the team members. It 
indicates what the team leaders and members have to keep in mind to ensure a fruitful 
interaction and to create a team out of a group with the respect to the (full or partial) 
absence of the face-to-face interaction. 

 
Fig. 1. SECI Model describing process of knowledge conversion 
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Originally, software tools have been designed to automate a manual processes or to 
replace physical artifacts by more malleable and versatile virtual artifacts [[118]]. 
With the development of virtual teams, a pool of tools used by their members is grow-
ing. Our below categorization and descriptions are therefore incomplete. There are 
many valuable equivalents and alternatives to those mentioned below.  

During Socialization, tacit knowledge is shared among individuals by converting it 
into new tacit knowledge [[118]]. This stage is utilized more by individuals from 
cultures with collectivistic emphasis [[96]] where persons prefer mutual exchange of 
experiences with colleagues, peers, experts and professionals as the main learning 
mode [[98]]. Still, in any team, there are moments when the problems must be “out-
spoken” and communicated face-to-face. Socialization primarily relies on synchro-
nous communication. In virtual teams, it includes formal and informal talks on strate-
gy, brainstorming, exchange of experience, etc. It can be accomplished by means of 
video conferences (e.g. Skype [[121]]) and their records, by live meetings [[122]] or 
even by desktop sharing often implemented in Instant Messaging (IM) clients 
[[23]][[94]] as well as by chatting through IM like (Lync [[119]] or Microsoft Com-
municator [[120]], Skype for Business [120]), internet-based messengers, virtual 
design tools [[123]] or digital discussion platforms [[24]]. Pair programming or a 
common execution of tasks are another viable options. During these activities, a mu-
tual causal relationship is build emerging reciprocal trust. Trust leads to increasing 
interactions among team members including also informal relationship that will fur-
ther strengthen reciprocated trust [[36]]. In all cases, interpersonal dialogues form the 
center of gravity during Socialization; the role of ICT (if exploited) is only support-
ive. 

Some case studies showed that ICT tools foster the socialization phase in an im-
mense manner through fast processing and provided visualization. Such rapid compu-
tation and illustration allow continuous increase of the number of artifacts a per-
son/group can analyze. ICT enables exploration of new things and far more extended 
experimenting as was possible with paper before. ICT provides a platform for advanc-
ing knowledge through shared experiences [[124]]. As the same time it became far 
more difficult to express such experiences with words [[123]]. 

In the phase of Externalization, the gathered tacit knowledge is being codified into 
unambiguous concepts [[37]]-[[39]], [[115]], [[118]]. It denotes a conversion of tacit 
to a new explicit knowledge in a knowledge repository that serves as a resource for 
others [[123]]. This happens by putting down instructions, procedures, schemes, 
drawings, graphs, Gantt charts and others. Most used software tools for this are office 
bundles like typesetters (word editors), presentation and spreadsheet tools [[123]]. 
Wikis [[25]] and Intranet pages [[22]] also allow representing the organizational in-
formation in a “neutral way accepted by the community” which then serve as a 
benchmark for their previously presented tacit knowledge.  

One example of externalization by ICT software tools can be automated creation of 
documentation in software development industry. Programmers provide only some 
standardized comments and description and then by starting some software tools (Java 
API Documentation generator [[125]], GhostDoc [[126]], and other documentation 
generating tools) generate web or pdf based manuals. Another spreading cutting tech-
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nology allows creating 3D models – 3D printing. Such new artefacts represent explicit 
knowledge through their unchanging and lasting existence. 

Notice that asynchronous communication is usually sufficient for these processes. 
Still, the produced knowledge in its explicit format (a text, figures, tables, charts, etc.) 
has to be approved in advance and then accepted by all involved. It is recommended 
to consult their earlier version(s) to make certain that it will be identically interpreted 
by everyone. These consultations should preferably be done using synchronous 
means. 

In the Combination stage, explicit knowledge is systematically processed and then 
converted into more sophisticated systems [[37]]-[[39]], [[115]], [[118]] and possibly 
elaborated by them. This phase is more autonomy-oriented and therefore more prefer-
ably utilized by individualistic persons [95] and uses mostly asynchronous communi-
cation ICT tools like repositories for collaboration among peers [[94]]. A variety of 
options starts with aggregating data extracted from databases, data warehouses [[128]] 
and repositories (SharePoint [[130]]) code repositories (e.g. Team Foundation Server 
(TFS) [[131]], SubVersion (SVN) [[132]], Git [[133]], Mercurial [[134]] etc.) creating 
new knowledge using Big Data techniques [[128]]. The new knowledge produced by 
its author (regardless whether a human and/or a software tool) is then presented in a 
(possibly different) explicit data format. Again, this portion of collaboration can be 
done in an asynchronous way. In exceptional cases, when all Combination-related 
processes are performed by computers, there is no need for synchronous communica-
tion.  

Examples for the Combination phase fostered by ICT can be found everywhere: 
e.g. predefined layout and color settings of documents or webpages, picture collec-
tions, function bundles etc. Already during the interaction with software and ICT 
tools we use several artefacts provided by the software and combine it with our con-
tent, our added value. With the emergence of mobile ICT, smartphones in particular, 
people started to shoot and include also pictures in their conversation, instead of pure 
writing for taking notes or to exhaustively describe place, surroundings and feelings 
through visualization [[11]], [[129]]. 

A supportive motivation of team members for transparent collaboration and 
knowledge sharing may be based on individualistic principle: performance based 
incentives [[96]] as financial reward, promotion, professional development like edu-
cational opportunity or social recognition [[36]]. 

Another very important factor for Combination is trust: the perceived trustworthy 
of resources in repositories influence their exchange and combination [[135]]. The 
credibility of such repositories can be provided through the social recognition of con-
tributors and also through ICT tools that may check statically its compliance with 
some predefined rules and best practices like a static code analysis in the case of pro-
gramming, the indexation in scientific databases or the impact factor for a scientific 
knowledge base or checklists for processes etc. 

Internalization denotes a process of embodying explicit knowledge into individual-
ized tacit knowledge through a series of iterations [[37]]-[[39]], [[115]], [[118]]. As 
people need to comprehend newly obtained explicit data and think about them in their 
individual terms, this last step must always be present. The new knowledge is ab-
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sorbed as the person’s “mental ownership” and becomes an integral part of his/her 
system of believes and values. As a result, it also becomes a part of his/her “intellec-
tual weaponry” and can be used in the next steps as a basis for future development. 
The internalizations usually run through the interpretation of examples, making anal-
ogies, inclusion of the piece into the existing knowledge system etc. “Learning by 
doing” is also a method of internalization. In virtual teams, it may consist of making 
product’s tests, of visualization of processes, of communicating them to their future 
users, of checking the programming code for compliance with teams’ rules and cod-
ing practices (e.g. SonarQube [[136]]) and many others. This also includes necessary 
approvals by senior management through review process and accepting their recom-
mendations (e.g. TFS [[131]]). A similar process is denoted by workflows [[115]] and 
process flows that usually represent a standard collection of tasks with particular 
order where the output of current step represents the input for subsequent step. Often, 
the newly developed processes must be incorporated into the company’s standards. 
Multiple executions of set up workflow denote iterations and gaining experience, in 
other words “learning by doing at the company’s level”. 

In case of using a 3D printer the internalization is enriched also by tactile percep-
tion that strengthens the introjection and incorporation of new knowledge. This is also 
present in virtual environment when utilizing visualizing tools, 3D models or simula-
tions [[123]] where the individual internalizes the knowledge through sense of sight, 
auditory sense and mental comprehension. 

Whilst personal comprehension of the Combination outcomes can be accomplished 
individually, Internalization embraces a hidden risk. The process should result in the 
same (or highly similar) tacit knowledge of all team members. Thus, a comparison of 
their individual considerations is necessary. This lead to their next Socialization – the 
loop has been closed and may start again at a higher level.  

Despite all the fostering support provided by ICT tool in communication and au-
tomation of business processes, it is very important to positively motivate the team 
members of a virtual team to share the knowledge and to contribute to the accom-
plishment of organizational goals based on the individualistic or collectivistic tenden-
cy of particular team members, respectively their culture: The emphasis on interac-
tions that are beneficial to their individual careers for individualists and on individual 
involvement in team helping to achieve team goals in workplace [[96]]. 

In addition to this, it is crucial to clarify if the working environment is in compli-
ance with caring culture where individuals feel free to openly suggest new concepts 
and ideas and will receive constructive criticism without fear of reprisal [[137]]. Such 
an environment represents essential prerequisite of knowledge creation. 

5 Conclusions 

As the virtual teams develop new knowledge (in its very broad sense), the SECI 
model can serve to them as a metaphor. It covers the entire cycle of team’s learning 
from an initial idea (as a rule, vague one), through its specification and elaboration to 
a final solution accepted by the entire team.  
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During this process, both tacit and explicit knowledge must circulate among its 
members. Due to their dispersion, using various ICT support becomes a must. The 
collaboration tools that must be purchased, implemented, and maintained in their 
operational mode. At the same time, using incompatible (or badly compatible) tools 
may have undesired effects. The same holds for wrongly implemented tools and those 
not used to their full extent. These drawbacks can result into failures. 

To minimize the risk, we classified the functions of virtual teams and their key 
knowledge transfer steps above. As the information in any digital environment must 
be appropriately encoded, it is explicit by definition. Its transformation to its tacit 
counterpart can only be achieved by its appropriate presentation, selection of commu-
nication channel, frequency of knowledge exchange, way of synchronization, individ-
ual and/or team couching and others. Briefly speaking, the success relies on a bal-
anced solicitation of synchronous and asynchronous communication and on its quali-
ty. Their application must be coordinated by the leader who has to oversee both roles 
and behavior of the team members and to estimate the intensity of each form of com-
munication during every stage. He/she has to especially control aggravating of unde-
sired variances in their tacit knowledge and its fluctuation because they might lead to 
the deterioration of the team’s mutual knowledge base. 

Our proposed framework therefore can serve as a manual for building appropriate 
environments for virtual collaboration not only in their technical meaning but also as 
places for interpersonal communication. To achieve it, the importance of synchronous 
communication is underlined. It is critical during the Socialization and Internalization 
stages and highly important for controlling Externalization processes. Only the Com-
bination can be (in special cases) completely left to computers. The team leaders have 
to bear in their minds that the selection of the most appropriate ICT tool for each and 
every stage of the SECI model and its application must reflect the importance of tacit 
knowledge. 
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