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Abstract: International projects have helped organizations around the world to better adapt to the
new environmental conditions in which they operate, driven by the phenomenon of globalization.
Electronic communication and information tools have enabled the creation of international virtual
project teams (IVPTs), allowing team members to collaborate regardless of their geographic location
or cultural, historical, socio-political, and educational differences. However, such an environment
characterized by diversity will be productive only if the project team managers acknowledge and
understand the behavior of influence factors comprised by the virtual environment, developing,
accordingly, strategies that support team performance. In order to analyze the factors that influence
IVPT performance, we used a C5.0 algorithm on the dataset through IBM SPSS Modeler software.
Data collection was performed through an online survey, conducted within 107 IVPT members and
managers, in order to answer the third question of the research. The predictive model created by the
data mining algorithm revealed that the most important fields underlying the decision tree building
were the cognitive skills training programs, team culture, and selection of IVPT members based on
the characterisics of their national cultures. These results demonstrate the hypothesis that culture
represents one of the most important factors influencing team performance.

Keywords: green job; virtual team performance; international project management; factors of
influence; culture; neuromanagement; data mining

1. Introduction

Many of the companies that initiate international projects develop sustainable strategies to align
with international environmental policies, supporting sustainable development. Thereby, virtual
teams can play a very important role by getting the “green job” title, taking into account that one
of the advantages of these teams is the reduction of carbon footprints [1] (p. 694). “Sustainable
development is a major concern as countries attempt to implement strategies to reduce greenhouse
gas emissions. This involves reducing environmental pollution and the use of resources. The ability
of organizations to respond to sustainability concerns is sometimes hindered by the complexity of
integrating sustainability into business models and by the need to rethink their strategic directions” [2]
(p. 1638). A green job is any job or self-employment that genuinely contributes to a more sustainable
world [3]. Green jobs can also be distinguished by their contribution to more environmentally friendly
processes [4]. Around 82% of Fortune magazine’s “100 Best Companies to Work For” embrace virtual
work and support virtual work policies. As organizations realize fewer overhead costs and a reduction
in carbon footprint, their virtual team members demonstrate increased productivity, better health and
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wellness, and reduced absenteeism [5] (p. 2). Until the advent of the internet, the collocated outsourced
project teams communicated via telephone, fax, or through very expensive face-to-face meetings.
The emergence of the internet enabled a substantial reduction in costs, and even their elimination,
turning these dispersed teams into project teams in the virtual environment, enabling organizations
to turn technology into a competitive advantage. This is supported by P.E. Brewer’s team definition,
which states that “a virtual team is a team that performs most of its work remotely through technology,
as opposed to doing tasks in face-to-face context” [6] (p. 16). “More than any other factor, information
technology has allowed the proliferation of teams in the virtual environment. With mobile devices,
text messages, e-learning modules, cloud computing, team members can interact in a more accessible
way, from anywhere, anytime” [7] (p. 16).

Regarding the virtual team definition, most authors converge towards the same direction already
mentioned in previous lines. The term “virtual team” is used to cover a wide range of activities and
forms of technology-supported working. This team trait has fostered extensive use of a variety of forms
of computer-mediated communication that enable geographically dispersed members to coordinate
their individual efforts and inputs [8]. It must be specified that this communication through electronic
tools does not transform a group of people into a team. For that, we will add to the above definition,
an essential idea of Lee R. Margaret, that “these virtual teams share a work, product or a common
project goal” [5] (p. 2). As project team members work in the context of a project, there is a start and
a time to complete the work and time that they will spend together as a well-established team” [9].
These additions make them even more differentiated by outsourced teams that have designated a
field of responsibility, each delivering a complete product or component. These specifications for
the term “virtual team”, used in the research, have been made, because this work refers strictly to
virtual project teams, rather than to a group of people who work together regularly from a distance.
Also, a project team in the virtual environment will become international when its members operate
outside national borders.

This research explores the factors that influence IVPT performance and their behavior, in order to
offer an extended image of their importance and on which IVPT managers should focus the most part of
their attention and efforts when creating strategies to increase IVPT performance. Our previous work is
based mostly on bibliographic research regarding international projects and virtual teams management
and its challengies, how to create an effective IVPT, and occupational emerging risks affecting IVPT
results, by proposing different models which represented a base for the present empirical research.

Even though there is important literature regarding virtual team performance, it focuses mostly
on the criteria, taking into consideration the characteristics of virtual teams as cultural differences
in general, trust, team size, problems related to technology, and communication. This study tries
to analyze the factors of influence also from the perspective of international projects, investigating
the importance of the ones identified in previous studies, but also proposing new factors, which is
considered to have a critical impact on IVPT performance, as cognitive skills training programs,
national cultural dimensions, team culture, specific occupational risks of the virtual environment,
and intercultural communication.

2. Literature Review

Creating teams in the virtual environment has many advantages [1] (p. 694) which can also
be extended to international projects and turned into competitive advantages, especially due to
low costs, access to human resources with specific skills and training regardless of the geographic
area in which they are located, and more effective communication through online collaboration tools.
An efficient virtual project team management can help increase the success rate of international projects.
Brewer E. Pam [6] believes that IVPTs are the key to some of the greatest successes and failures in
the global work environment, while the organization is learning to function as a complex network of
people. As well, Nader Ale Ebrahim [8] states that virtual teams are a great area of know-how, which
seems to be a promising source for the development of companies.
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In order to benefit from the IVPT advantages and minimize the risks specific to the virtual
environment, it is necessary to ensure a high performance of IVPT. In order to be achievable, first of
all, it is required to identify the factors that could influence IVPT performance and understand their
behavior. Following the literature review, the different factors which can influence IVPT performance
were identified:

• Selection of virtual project team members based on the skills and abilities needed in the virtual
work environment

“Creating virtual teams gives organizations the opportunity to quickly attract talent from different
functions, locations and organizations. The goal is to get intellectual capital and use it as quickly
as possible. The methods used by the organization to manage this process can make the difference
between success and failure” [10] (p. 14). Virtual team members, in order to communicate and
collaborate successfully, must have or acquire specific skills that need to be established at the planning
stage of the project in accordance with its purpose and objectives. As a result of bibliographic research,
based on the characteristics of international projects (uniqueness, risk, complexity, additional resources,
dynamism, multiculturalism, dispersed teams, multilateral cooperation) [11] (p. 472) and those
of international virtual teams (virtual work environment, multiculturalism, geographic dispersion,
complexity, uniqueness) [12] (p. 52), were identified the main competences that are necessary to
be considered in the selection process, in order to build an effective IVPT: communication skills,
cross-cultural intelligence skills, collaborative skills, behavioral skills, technology skills, organizational
skills, time management skills [12] (p. 54). Establishing a profile of personal and professional skills
required for IVPT members could facilitate their selection process, contributing to efficient team
building, ensuring the performance and, implicitly, the achievement of the objectives and the purpose
of the international project.

• Selection of virtual project team members, taking into consideration the characterisics of their
national cultures

Since there are more and more organizations from different countries who prefer virtual teams
in order to operate, team performance may be directly or indirectly affected by the cultural contexts
that each team member brings to the group. The IVPT members can be very different—in culture,
skills, and even of different generations [13] (p. 33). Team building is one of the key processes
that allows the creation of a high-performance team. Even though this seems similar to what is
happening in traditional teams, the way the desired results are achieved differs and involves several
variables, including national culture. It is very important for project managers to understand, very well,
the national cultural dimensions, in order to be able to choose the appropriate management practices
and tools, especially in terms of motivation and trust.

According to Hofstede, G. [14] (p. 23), a multicultural team is where members come from different
cultural backgrounds. Henc, the IVPT is a multicultural team. Culture is defined as the collective
programming of the mind by which members of a group or categories of persons are distinguished
from others [14] (p. 23). In this research, when referring to national cultural dimensions, it means
that they are taken into account using the six dimensions set by Hofstede G., which are the values
that distinguish countries from one another: power distance—measures the degree to which the
less powerful members of society accept the power to be unevenly distributed; individualism vs.
collectivism—the position of society in this dimension is reflected by the self-image of members, which
can be defined in terms of “me” or “we”; masculinity versus femininity—a male-defined society is
more competitive and the one with a high degree of femininity is more oriented towards cooperation;
avoiding uncertainty—the extent to which members of society feel threatened by the unknown. As a
result of further research of Michael Harris Bond, supported by Hofstede, in 1991, the fifth dimension
was added, namely long-term orientation—societies with a high level of this dimension are considered
more pragmatic, encouraging efforts oriented towards modern education as a way of preparing for
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the future [14]. Additionally, in 2010, as a result of a study conducted by Michael Minkov, the sixth
dimension, indulgence vs. restraint was added—indulgence is a society that allows relatively free
satisfaction of the basic, natural needs of human being, related to the joy of living; instead, a restraint
society is the one that suppresses the satisfaction of its needs and regulates it through strict social
norms [15]. Depending on the task to be fulfilled, cultural differences, such as practices or values,
may cause negative, positive, or neutral results [16].

• Team culture/organizational culture

Organizational culture is defined as how members of an organization relate to one another,
their work, and the outside environment, as compared to other organizations. These dimensions allow
a tangible alignment of organizational culture and strategic objectives [15]. The type of culture built
within the IVPT can contribute to a higher team performance or, on the contrary, to its total inefficiency.
In order to analyze the culture within the team, we consider the model proposed by Bob Waisfisz
in cooperation with Geert Hofstede [17] to be very useful, consisting of six autonomous or variable
dimensions and two semi-autonomous dimensions. The organizational cultural model is “a diagnostic
tool that reveals the hidden weaknesses and strengths and can predict what can happen if no action is
taken or if something is done about it” [18].

• Selection of online collaboration tools, taking into account the project team members’ national
culture aspects

In this context of multiple cultures, the use of information and communication technology in
favor of collaborative work offers the possibility of high performance and promotes multicultural
understanding among citizens of different nations. The IVPT is a multicultural team without the
benefit of direct interaction and direct communication, face-to-face, relying exclusively on electronic
tools. Given the current state of technology, IVPT can function very well from a technical point
of view, despite their global dispersal [16]. In order to make this possible, it is necessary that the
selection of collaboration tools to be based on the preferences for certain online communication tools
or technologies that characterize each national cultural dimension. Communication in the virtual
environment is highly complex, due to the increased potential for inadequate or insufficient reception
of the message sent by the interlocutors generated by the noise in the communication. This noise refers
to any element that may interfere with the communication process, degrading the message, so its
meaning will not be the intended one. Cultural differences can cause the noise during communication,
so certain phrases or words can generate confusion and misunderstanding. Also, it can be determined
by technology: internet connection problems that cause video or audio distortion in conferences.
In these situations, feedback becomes vital, so it must be as explicit as possible, including confirmation
of message reception [19] (p. 23).

• Appropriate use of electronic instruments, depending on tasks and volume of information

The correct choice of virtual collaboration and communication tools, in line with the project
objectives and the structure of the team, allows the removal of barriers created by physical distance
and the lack of face-to-face communication, determining how the information sharing process will
take place, the team building based on trust, maintaining motivation, prevention of physical and
psycho-social professional risks, transmission of feedback, etc. An effective project team will have
informed members that will know what to do, in order to have a successful project [20].

“If the chosen tools are unsafe, difficult to use or simply do not meet the needs of the team,
time will be lost, the pace of work is slowed, the team can be demotivated, confusion and redundancy
are created and there will be present a general picture of lacking professionalism” [21]. The choice of
tools used by an IVPT is a very important process because “the richness of language elements can have
a positive impact on the efficiency and effectiveness of the team, on the volume of communication,
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the relationship between the team members, the team commitment, planning, exchanging ideas and
reaching a consensus” [22]. In order to create a successful collaboration environment, team structure,
communication models and means must be effective and compatible with each other [16].

Regarding the effectiveness of the instruments in relation to the activities carried out, it is very
useful the criteria set by Duarte D.L. and Snyder N. T. [10]: information sharing, discussion and
brainstorming, collaborative decision making, collaborative product production.

• Communication frequency in the virtual environment

“Communication describes the processes of distributing project information in a timely
manner” [23]. “Communication is an omnipresent, dynamic and interactive process of decoding
verbal and nonverbal messages within a well-defined cultural, psychological, relational and perceptual
context. Although most of the transmitted messages are intended, as a rule, nonverbal messages
are transmitted unintentionally and can influence the perception of others” [24] (p. 55). In a virtual
work environment, communication and interaction are key success factors, and the lack of response or
delayed response becomes an important non-verbal element. Instead, in an intercultural context, it is
not always right to assume that more communication and interaction is better than less. The frequency
and complexity of team communication must be carefully managed by team managers. Critical project
reports often indicate that the main factors responsible for the poor performance of the project team
are cultural and behavioral issues [25].

Communication lines may be affected by the fact that team members are geographically dispersed
and that they are in areas with different time zones, which can create a temporary informational vacuum
that can impact the project. A well-prepared IVPT manager will send information simultaneously to
all team members and will check that the key messages of the communication have been correctly
understood by those members who are directly addressed [13].

• Establish rules on the use of online collaboration tools

The project manager will need to establish a set of procedures whereby each team member
knows how and when to use each tool according to the information to be transmitted and the time
at which it is to be transmitted so that the project team’s performance would not be affected. “Lines
of communication are very important, because they represent the fluidity of information exchange,
with great impact on the project. Any blockage in communication can have catastrophic effects” [13]
(p. 33). “In a virtual team, communication is much more difficult. What could be solved by immediate
interaction, just by going into someone else’s office in an ordinary work environment, can take longer
when an email is not answered because the person is not in front of the computer, or if Skype does not
work or is not active. In a present work environment, you can discuss easier the ideas of a colleague.
In an online environment, more effort is needed to get involved, besides, you ask yourself if the others
are too busy for something that can be very simple (analyst UX and virtual employee)” [19] (p. 23).

“Technological platforms available today have reached such a quality in communication that
they have replaced the need for physical sessions and social interactions. We do not claim that this is
not necessary or that it may not work well. We argue that technical solutions are so well-developed
that they can replace physical interaction in global projects” [26] (p. 1446). However, it is necessary
to establish rules for the communication and use of collaboration tools. For example, an auto-reply
email should be set for each member of the team, specifying the maximum response time for e-mail
and compliance. “Not answering to virtual messages causes silence. This can be detrimental to the
team’s confidence and cohesion when team members are expected to be available for communication,
but instead remain silent. This silence can be interpreted differently by the participants in the
communication. Project team members may become silent because they agree, because they disagree,
because they are absent or due to technical failures” [21]. “As a rule, communication involves
feedback between the transmitter and receiver. It is very important for an efficient communication
that the transmitter receives confirmation from the receiver that the information has been correctly
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interpreted” [27] (p. 559). This rule becomes even more important when we have only non-verbal
communication tools: the written word. Also, for team meetings, it would be necessary to use a tool to
keep participants involved, such as video technologies, always when internet connections allow it,
or telephone conferencing or chat as the ultimate solution. Video conferencing is most appropriate
because it provides important information about non-verbal and paraverbal language, about the status
and responses of participants and which, in written communication, are lost.

• Intercultural communication

In the literature regarding virtual teams [5,6] and international projects [28,29], a particular
importance is given to the way in which communication is made between the IVPT members, as the
main element of team building in the presence of multiculturalism.

Doctor Edward T. Hall is considered to be the first to use, in his works, the term “intercultural
communication” [23]. Intercultural communication occurs when project team members who come from
different cultures are forced to communicate, exchanging between them both verbal and non-verbal
messages that contain cultural elements and social perceptions. “Intercultural communication often
involves the use of a language other than native, with at least one of the interlocutors using a different
language than the native one. True intercultural communication goes beyond mere exchange of
information and narrow conceptions of cultural membership, where culture is reduced to nationality,
and variations within cultural groups are largely ignored. Intercultural communication focuses on
verbal and nonverbal behaviors, attitudes and perceptions of people from different cultural and
linguistic backgrounds that interact with each other” [30] (p. 28). Even when virtual team members are
motivated and willing to participate in sharing the information, communication challenges can arise
due to differences in communication styles typical of each culture, with some cultures being very direct
in verbal communication, while others rely on communication, mostly, indirect. Individuals using a
direct style will communicate what they want without ambiguity, while team members with an indirect
style will communicate in a circular manner, not clearly specifying what they want. Such differences
can lead to misunderstandings, feelings of frustration, nervousness, lack of respect, with the potential
to turn them into conflicts within the team from the virtual environment [19]. As we have seen,
the challenges of cultural diversity are many, but effective intercultural communication can bring
great benefits in the IVTP context: increasing productivity, increasing project team performance (team
members work together to meet the same goals, regardless of the culture they belong to), reducing
project costs, avoiding conflicts, and personal development of project team members through tolerance
to other cultures.

• Training courses for team members during the project, according the needs identified by the
project manager

The biggest challenges in IVPT are communication, especially intercultural communication,
as a result of misunderstandings generated by a discontinuous flow of information between team
members and incorrectly received messages that lead to overcoming the terms, conflicts, increased
effort, lost time. These can be largely diminished, avoided or overcome, through a solid training of
IVPT members, intercultural communication courses, with an emphasis on the individual cultures
of project team members before the start of the project and during the project, if the project manager
observes certain communication or conflict issues within the team. “The 1999 International Business
Trend Report identified three key competences for the twenty-first century global work: intercultural
communication skills, problem solving skills, and global leadership [31] (p. 59). Jackson Jane believes
that improving intercultural communication skills means building consciousness about ourselves,
and learning as much about individuals who speak a different language and have different values and
habits [30] (p. 28).
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• Cognitive skills training programs for project team members

IVPT management is a complex process. Decision-making, moments of crisis or conflict within the
teams, is a state of stress that could be overcome, according to studies by some researchers in the field,
such as Néstor Braidot [32] and Carlos Herreros [33], through the training of the emotional system of
the brain. The whole activity of the virtual team focuses on communication and the problems that may
arise in the case of deficient communication can be determined both by technology and, above all, by the
cognitive capabilities of team members. Thus, innovative management should consider inovative
techniques that allow the optimization of intellectual performance, as well as the orientation towards
achieving the organization’s objectives. In this respect, neuromanagement applications can help to
effectively manage IVPTs. If, until now, organizations were looking for outsourced management
solutions, industry-specific or sector-specific management models, neuromanagement proposes that
solutions come from inside by using the brainpower of those who make up the organization, the leader,
and the team. Thus, the structure of an organization or project team is no longer represented by
the organigram, not even by the flow of processes, but by the configuration of the interconnections
between the neural networks of the individual brains. Applied neuroscience is a relatively new area,
which aims to overcome this gap. It is about how the brain causes people to behave the way they do
it, developing the ability to make changes in the brain, and what they can do when changes become
useful. The brain is an extremely complex process of parallel systems which can be combined to
represent themselves in a productive and sustainable way—which is also interesting, this being the
goal of all organizations [34].

Neuromanagement applications can help to efficiently manage IVPTs to achieve a high
performance. Among the applications of neuromanagement are the change and complexity
management, and the development of specific leadership and motivation skills, taking into account
the characteristics of each member of the team [35]. Neuroscience is the key to a better understanding
of culture, how it develops, how it works, and how it affects the behavior of individuals [36].
An appropriate brain work tailored to project needs—such as visual, auditory memory, communication,
motivation, innovation, attention, concentration, planning ability, time management, amplification
of communication between the two brain hemispheres, and speed of information processing—could
allow anticipation of unforeseen situations and overcoming them through rapid adaptation and the
development of creative solutions. Néstor Braidot [37] called this workout BrainGym.

• Specific occupational risks of the virtual environment (physical, psychosocial, combined)

The emergence of the virtual work environment as a result of the development of information and
communication technology has also led to new risks to safety and health at work. “Occupational safety
and health risks (OSH), new and emerging, can have different origins, in particular: new technologies,
new production processes, new working conditions and emerging forms of work” [38]. The European
Parliament has noted that globalization has negative effects on work safety and fairness [39].

It is very important for project managers to identify and realize the impact of these risks on team
performance in order to establish effective strategies to prevent them, so that the results of IVTP will
not be affected. Absenteeism and low performance have significant economic implications. The total
cost of psychosocial and work-related stress for the business and society as a whole—including health
care, disability, early retirement, reduced productivity, high staff fluctuation, and other direct and
indirect costs—is estimated at several billion euros [40].

“If risks are not adequately evaluated or managed, effective risk management cannot be initiated
and it is unlikely that adequate prevention measures are found or implemented” [41]. “In addition,
case studies have shown that good OSH management within a company is closely linked to improved
performance and profitability. Not only that low security and health protection measures represent
a much higher cost for companies, but at the same time a good OSH pays dividends” [42]. As a
result of the bibliographic research on occupational risks [40,42–46], as well as by evaluating them
through the OIRA tool [47], we can state that the main risks which can significantly affect the IVPT
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performance, are the psychosocial risks and stress represents one of the most complex phenomena
studied and analyzed in accordance with the characteristics of the virtual work environment and
international projects.

In view of the above, we can state that the central objective of the research is to validate the
factors that influence the IVPT performance, as well as to understand their behavior. These factors will
be analyzed through a sociological survey based on a questionnaire and the collected data, through
statistical analysis and, further, through modeling technique.

The study has the following assumptions:

Hypothesis 1: All of the 11 factors proposed for analysis influence the IVPT perfromance.

Hypothesis 2: The dimensions of the national culture to which IVPT members belong, team culture,
and applying neuromanagement techniques to the IVPTs management have a major influence on the IVPT
performance.

3. Methodology

The research methodology is based, in the first stage, on descriptive research, from which
information from secondary sources, such as books, scientific articles, studies provided by companies
in the field, was collected. The bibliographic research has contributed to the description of the existing
situation regarding the international projects and virtual teams and we succeeded in realizing a
detailed picture of the researched field in order to clearly formulate the objectives and hypotheses of
the empirical study.

Regarding the research methodology from primary sources, we approached a quantitative
method through the survey based on the opinion questionnaire composed of 27 items, conducted
through electronic means—CASI (Computer Assisted Self Interviewing). The research tool was the
self-administered questionnaire created through the Google Forms service, and it was sent to the
subjects as an access link via email, but also through the professional social networking, LinkedIn,
and the instant messaging tool Facebook Messenger, because we observed a much higher response
rate. The choice of this tool was motivated by the low costs, the availability of subjects, the high rate
and speed of response, and the streamlining of data centralization time. The population included
individuals who have been working or are operating within an IVPT. For the analysis of collected
quantitative data (a total of 86 variables) we used the IBM SPSS Statistics and IBM SPSS Modeler
software. Univariate analysis involves presenting the characteristics of the variables measured in the
research. In the bivariate analysis, the relationship between two variables will be analyzed through
cross-tables. The modeling technique will analyze the behavior of various factors of influence, which
will allow the creation of a predictive model.

The sample is non-probabilistic because the probability that a member of the population selected
to be selected in the sample cannot be determined as there is no official data on the total population.
The selection was rational [48] based on the interviewer’s reasoning that the respondent represented
the population of interest, but also the “snowball technique”, where the research participants recruited
other members for the study [49], such as teammates within the same project. Not knowing the volume
of the total collectivity, the size of the non-aleatory sample was established in such a way as to achieve
the objectives of the study, taking into account the sampling base, and the available budget and time.
Under these circumstances, the margin of error and the level of trust were impossible to calculate
because they only applied to random samples.

The variables used in the modeling process were obtained from the third question of the
questionnaire. The question has been designed in the form of 5-point Likert scales (Figure 1).



Sustainability 2019, 11, 607 9 of 21

Sustainability 2018, 10, x FOR PEER REVIEW  8 of 22 

• Hypothess 1: All of the 11 factors proposed for analysis influence the IVPT perfromance. 
• Hypothesis 2: The dimensions of the national culture to which IVPT members belong, team culture, and 

applying neuromanagement techniques to the IVPTs management have a major influence on the IVPT 
performance. 

3. Methodology  

The research methodology is based, in the first stage, on descriptive research, from which 
information from secondary sources, such as books, scientific articles, studies provided by companies 
in the field, was collected. The bibliographic research has contributed to the description of the existing 
situation regarding the international projects and virtual teams and we succeeded in realizing a 
detailed picture of the researched field in order to clearly formulate the objectives and hypotheses of 
the empirical study.  

Regarding the research methodology from primary sources, we approached a quantitative 
method through the survey based on the opinion questionnaire composed of 27 items, conducted 
through electronic means—CASI (Computer Assisted Self Interviewing). The research tool was the 
self-administered questionnaire created through the Google Forms service, and it was sent to the 
subjects as an access link via email, but also through the professional social networking, LinkedIn, 
and the instant messaging tool Facebook Messenger, because we observed a much higher response 
rate. The choice of this tool was motivated by the low costs, the availability of subjects, the high rate 
and speed of response, and the streamlining of data centralization time. The population included 
individuals who have been working or are operating within an IVPT. For the analysis of collected 
quantitative data (a total of 86 variables) we used the IBM SPSS Statistics and IBM SPSS Modeler 
software. Univariate analysis involves presenting the characteristics of the variables measured in the 
research. In the bivariate analysis, the relationship between two variables will be analyzed through 
cross-tables. The modeling technique will analyze the behavior of various factors of influence, which 
will allow the creation of a predictive model. 

The sample is non-probabilistic because the probability that a member of the population selected 
to be selected in the sample cannot be determined as there is no official data on the total population. 
The selection was rational [48] based on the interviewer’s reasoning that the respondent represented 
the population of interest, but also the “snowball technique”, where the research participants 
recruited other members for the study [49], such as teammates within the same project. Not knowing 
the volume of the total collectivity, the size of the non-aleatory sample was established in such a way 
as to achieve the objectives of the study, taking into account the sampling base, and the available 
budget and time. Under these circumstances, the margin of error and the level of trust were 
impossible to calculate because they only applied to random samples. 

The variables used in the modeling process were obtained from the third question of the 
questionnaire. The question has been designed in the form of 5-point Likert scales (Figure 1). 

 

Figure 1. Likert scale used in the third question of the survey. 

4. Data and Variables Description 

4.1. Sample Description 

The research took place from 18th May to 18th June 2018. In total, 352 forms were sent directly 
to individuals from IT, telecom, e-commerce, education, and outsourcing fields. The total number of 
valid responses was 107, representing a response rate of 30.4%. The analysis procedure for the data 
obtained from the survey was quantitative (statistical) due to the objectivity of the procedure and the 

Figure 1. Likert scale used in the third question of the survey.

4. Data and Variables Description

4.1. Sample Description

The research took place from 18th May to 18th June 2018. In total, 352 forms were sent directly to
individuals from IT, telecom, e-commerce, education, and outsourcing fields. The total number of valid
responses was 107, representing a response rate of 30.4%. The analysis procedure for the data obtained
from the survey was quantitative (statistical) due to the objectivity of the procedure and the possibility
of generalizing the results. The sample consists of 107 respondents, 43.9% male, 59% female, and 0.9%
preferred not to respond. Subjects have different nationalities—86 Romanian, 4 Spanish, and 17 other
nationalities (Turkey, Pakistan, Sweden, Slovakia, Ukraine, Armenia, Malaysia, Bangladesh, India,
Australia, the United States, Chile, Costa Rica, and Guatemala). They were part of IVPTs, which took
place over different periods—most of the respondents, 39.3%, fall within the “over 18 months” category,
corresponding to complex projects, a characteristic of international projects. The field of activity of
the respondents’ organizations, which carry out international projects, is represented by 30.84% IT,
10.28% education, 4.67% telecommunication, and 42.99% other fields. Regarding the distribution of
respondents’ roles in international projects, 36 project managers were distinguished (33.6%), 24 team
leaders (22.4%), and 47 team members (43.9%). Thereby 56.1% of the respondents were members of
the management team.

Regarding the distribution of respondents by international projects, virtual teams’ experience, age,
and level of education, we created cluster diagrams generated on the basis of personalized cross-tables
between the variables mentioned above and respondents’ position in the project, for a more detailed
description of the sample and verification of its representativeness.

Most respondents (65.42%) in each of the three roles were found in the 31–40 age group (22.43%
are project managers, 15.89% team leaders, and 27.10% team members. As the age group advanced,
the best-represented category was the one of the project managers. This distribution demonstrates
that the sample is representative and, as a result of the experience, most of those who are in the age
categories over 41 have the experience of project manager.

Distribution of respondents by level of education and position occupied within the project:
the majority of respondents were grouped in the higher education category, especially at master level
(43.9%, of which 11.21% are project managers) and a bachelor´s degree (42.06%, of which 16.82% are
project managers).

We can observe in Figure 2 that 61.68% of respondents had more than 5 years of experience in
international projects, and project managers were distributed over the top of the chart, especially in the
part corresponding to 10–20 years of experience. This ensured that the data collected in this research
was relevant.

Regarding experience in virtual teams, 37.38% of respondents had over 5 years of experience,
of which 18.69% have the role of project manager (Figure 3).
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occupied within the international project.

IVPTs are composed of members who operate remotely, being in geographic areas with different
time zones, especially using electronic tools. The survey sample confirmed these time differences,
with 92.52% of the respondents replying that there was a time zone difference of at least one
hour between them and the rest of their colleagues (30.84%—more than five hours’ difference;
23.36%—between 2 and 5 hours; 38.32%—one hour).

In IVPTs, members of different cultures use different foreign languages: 70.09 % of respondents
said they use only one language in the projects, namely English; 17.76% use two languages; 10.28%
use three languages; and 1.87% use four languages.
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4.2. Variables Description

Figure 4 is a result of descriptive statistics as a stacked bar chart, representing the frequencies of
the 11 variables analyzed in item number three regarding the virtual team performance, in which over
90% of respondents consider that all the 11 factors analyzed have an important influence.Sustainability 2018, 10, x FOR PEER REVIEW  11 of 22 
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by the following aspects?

The factor with the greatest influence on the virtual team performance was identified as
“Selection of virtual project team members, based on the skills and abilities needed in the virtual
work environment” (45.79%—to a very large extent, and 35.51%—to a large extent), followed
by “Communication frequency in the virtual environment” (36.45%—to a very large extent,
and 36.45%—to a large extent). At the opposite end, there was “Selection of virtual project team
members, taking into consideration the characterisics of their national cultures” and “Selection of online
collaboration tools, taking into account the project team members national culture aspects”, two factors
that synthesize the influence of national cultural dimensions on the virtual team performance, but also
aspects related to occupational risks specific to the virtual work environment. It can also be seen clearly
that these three variables record the largest number of answers at the middle of the scale (41.12%,
36.45%, and 37.38%, respectively), being interpreted as neutral answers, and that this situation may
be due to a lack of awareness or lack of information on the implications of national cultures and
occupational risks on the IVPT performance.

After descriptive statistics, we used factorial analysis in order to reduce the number of factors,
and the result revealed three principal factors, which included the 11 variables analyzed, as will be
shown in the data preparation subsection.

5. Data Analysis Using Modeling Techniques

5.1. Conceptual Elements on Modeling Technique Using IBM SPSS Modeler Software

IBM SPSS Modeler is one of the most powerful and complete data mining software. As a
result of discovering and interpreting existing patterns in the data used, data mining is a way of
using knowledge in the business environment to create new knowledge in a natural or artificial form.
The first form of creating new knowledge, the natural one, refers to their understanding, and the second,
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artificial knowledge, is in the form of a computer program, generally called a predictive model [50]
(pp. 3–4). IBM SPSS Modeler offers a great variety of modeling methods obtained from machine
learning, artificial intelligence, and statistics. Thus, modeling methods are divided into three categories:
classification, association, and segmentation. The classification models use one or more input values
to predict the value of one or more target values (QUEST, CHAID, C5.0, regressions—linear, logistic,
linear, and Cox—neural networks, Bayesian networks). Modeling techniques include automated
learning, induction rule, subgroup identification, statistical methods, and multiple pattern generation.
Association patterns identify patterns in the dataset where one or more entities are associated with
other entities. Models build sets of rules that define these relationships. Segmentation models divide
the dataset into multiple segments or clusters of records whose input fields have common patterns
(Kohen networks, K-means clustering) [51].

Stream canvas is the main work area within the program, where nodes and other types of icons can
be placed in the modeling process. Nodes are operations that will be performed on the data. Once the
nodes have been placed on the stream canvas, they can be joined together to form a stream [52]
(pp. 35–36).

5.2. Preparing Data for Processing

IBM SPSS Modeler can read data from a wide variety of sources. In the present case, we have
chosen to use Microsoft Excel as a source, so we have restructured and adapted the data for this
format and the analysis of the components evaluated in question three of the research. Each of these
components is broken down into the factors that we identified through the factorial analysis and their
characteristics, represented by the variables whose numerical attributes were obtained through the
questionnaire (Table 1).

Table 1. Decomposition of components into factors and characteristics.

Component Factors Characteristics Mean/
Characteristic

Mean/
Factor

Mean/
Component

IVTP
performance

Communication in
the virtual work

environment

Selection of virtual project team
members, based on the skills and

abilities needed in the virtual
work environment.

4.252 3.813 3.527

Communication frequency in the
virtual environment. 4.056

Establish rules on the use of
online collaboration tools. 3.832

Selection of online collaboration
tools, taking into account the

project team members’ national
culture aspects.

3.159

Appropriate use of electronic
instruments, depending on tasks

and volume of information.
3.766

Cultural influences Intercultural communication. 3.542 3.252

Team culture. 3.364

Selection of virtual project team
members, taking into

consideration the characteristics
of their national cultures.

2.850

Training programs,
professional

development and
occupational risk

prevention

Training courses for team
members during the project,

according the needs identified by
the project manager.

3.776 3.327

Cognitive skills training programs
for project team members. 3.364

Specific occupational risks of the
virtual environment (physical,

psychosocial, combined).
2.841
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In the modeling process using IBM SPSS Modeler, it is very important to correctly define the size
of each variable through the ‘Type’ hexagonal node in the Field Ops palette. Also, with the help of the
‘Type’ node connected to the source file, the role of each variable in the modeling process, meaning
‘input’ or ‘target’ variables [53] (p. 27) and their values, can be read.

As mentioned above, as a result of the data collected through the questionnaire, we obtained the
values of the ‘ordinal’ variable and the role of ‘input’ but, in order to be able to perform the modeling
analyses, it was necessary to create a variable with a ‘target’ role, which we named ’Model’, and which
was flagged as ‘binary’ because it received binary values ‘1’/’0’. These values were calculated for each
instance based on the mean of each component, which can be viewed in Table 1, so that the ‘Model’
variable received the value ‘1’ if the average value of the instance is equal or greater than the average
value of the analyzed component. Otherwise, it received the value ‘0’. Each questionnaire means an
instance of the behavior of the group of variables that are part of a component.

5.3. Results and Discussion

In order to create the modeling stream (Figure 5), we chose the source node, Excel, to access the
respondents’ answers to question number three, where the characteristics of the factors influencing the
virtual team performance were then assessed.
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Figure 5. The modeling stream on the behavior of the factors that influence international virtual project
team (IVPT) performance.

To read and prepare the data in order to apply the modeling algorithm, we linked the Excel source
node to the node in the Field Ops palette, named Type, and set the unit of measurement for each field
analyzed, as well as their role. Thus, the characteristics of the factors are an ordinal type and have the
role ‘input’ and the ‘Model’ field is a flag type because it receives binary values, 1 and 0, and has the
‘target’ role (Figure 6).

The stream continues by connecting the Type node to the modeling node of the classification
model, called C5.0. This node uses a C5.0 algorithm to build either a decision tree or a set of rules.
A C5.0 works by dividing the sample by the field that provides the maximum gain of information.
Each subsample defined by the first division is divided and, depending on another field, the process is
repeated until subsamples can no longer be divided. Finally, lower-level divisions are re-examined,
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and those that do not significantly contribute to the value of the model are eliminated [51] (p. 94).
In the case of this analysis, we chose the predictive model to be a decision tree, working by partitioning
data based on field values. Data partitions are called branches. The initial branch, sometimes called
the root, includes all the data records. The root is divided into subsets or child-branches, depending
on the value of a given input field. Each child-branch can be divided into sub-branches which, in turn,
can be divided again. At the lowest level of the tree, where branches have no divisions, they are
called terminal branches or leaves. Therefore, the decision tree is a simple description of the divisions
found by the algorithm. Each terminal node (“leaf”) describes a certain subset of the training data,
and each case from the training data belongs exactly to a terminal node in the tree. This means that
only one prediction is possible for any data record presented in a decision tree. The C5.0 models
are robust in the case of a large amount of data or missing data, do not require a long training time,
and are easier to understand than other models because the rules derived from the model have a very
simple interpretation.Sustainability 2018, 10, x FOR PEER REVIEW  14 of 22 
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After operationg the modeling node, a “nugget” is automatically created as a diamond shape.
In the case of classification trees, two new fields are created, containing the estimated values and
the confidence level for each record (see Figure 7). With the help of the Table node connected to the
model nugget, these new fields can be viewed—$C for the predicted field and $CC for the trust field.
The prediction is based on the most common category for the terminal node to which the recording is
assigned; if most respondents in a node represent ‘1’, the prediction for all records in that node will be
‘1’ [51] (p. 95).

By running the model nugget, predictive model results can be viewed, which will be presented
in the following three figures. Thus, in the first window, in the left panel (Figure 7), the conditions
defining the partitioning of the data identified by the algorithm are basically a set of rules that can
be used to assign individual records to a child node according to the values of different predictors,
and on the right, the ‘Predictors Importance’ chart is displayed (Figure 8). Thus, the C5.0 algorithm
identified that the most important predictor is “use of cognitive skills training programs for project
team members” (0.33), followed by “establishing rules on the use of online collaboration tools” (0.20),
“team culture” (0.17), and “Selection of virtual project team members, taking into consideration the
characterisics of their national cultures” (0.11). These first four variables represent the most important
ones in constructing the decision tree-predictive model. Also it can be observed that this result only
contains 8 of the 11 variables analyzed, which means that the other three were eliminated during the
algorithm process, due to their lack of importance in predicting that IVPT performance will be affected
by the following: selection of virtual project team members, based on the skills and abilities needed
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in the virtual work environment; training courses for team members during the project, according
the needs identified by the project manager; specific occupational risks of the virtual environment
(physical, psychosocial, combined).Sustainability 2018, 10, x FOR PEER REVIEW  15 of 22 
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In Figure 9 the decision rules can be viewed, as well as the number of records to which the rules
(instances) apply, and the proportion of those records for which the rule is true (trust).

Thus, it can be observed that the basis of the decision to divide the data, from Node 0 (the root),
is the characteristic that represents the neuromanagement techniques of increasing the virtual team
performance by means of cognitive skills training programs, obtaining a child-branch with Node 2,
for which there are 84 instances, where the respondents answered that this characteristic influences the
virtual team performance to a very large extent (5), to a large extent (4), and moderate (3), of which 61
instances confirm the proposed model (target field is ‘1’). The child-branch is then subdivided into
sub-branches according to the field—team culture, obtaining Node 6, for which there are 72 instances,
where the respondents claimed that this characteristic influences IVTP performance to a very large
extent (5), to a large extent (4), and moderate (3), of which 59 instances confirm the proposed model
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(the target field is ‘1’). Subsequently, this sub-branch is divided by the field of “selection of online
collaboration tools, taking into account the project team members national culture aspects”, resulting
in a terminal sub-branch (leaf) (Node 20) for which there are 36 instances fully confirming the proposed
model, in which respondents answered that this characteristic influences performance to a very large
extent (5) and to a large extent (4). This can be seen in the decision tree, existing in the ‘Viewer’ window,
partially represented in Figure 10. There are many more sub-branches that we did not specify because
we highlighted the best-classified (decision rules with the highest number of instances, for which the
target field value is ‘1’, confirming the proposed model). Thus, the factors best represented in the
predictive model are “Training programs, professional development and occupational risks prevention”
represented by the characteristic “Cognitive skills training programs for project team members” and
the factor “cultural influences”, through to the characteristics “team culture” and “selection of virtual
project team members”, taking into consideration the characterisics of their national cultures. It could
therefore be argued that culture plays a vital role in the success or failure of project management. Thus,
in the practice of project management, culture should be treated as a significant aspect in controlling
conflicts, improving quality outcomes, and encouraging innovation [54].
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training programs for project team members” and the factor “cultural influences”, through to the 
characteristics “team culture” and “selection of virtual project team members”, taking into 
consideration the characterisics of their national cultures. It could therefore be argued that culture 
plays a vital role in the success or failure of project management. Thus, in the practice of project 
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Figure 9. Decision rules in the C5.0 algorithm.

Research results support the hypotheses of the study: thus, the first one was validated through
descriptive statistics and partially, through the modeling technique, using C5.0 algorithm, since the
predictive model only included eight of the eleven variables that were analyzed; the second hypothesis
was validated through the modeling technique, which demonstrated that applying neuromanagement
techniques (cognitive skills training being one of them) to the IVPT management, team culture,
and the dimensions of the national culture to which IVPT members belong (as the selection of online
collaboration tools have to be done according to these), has a major influence on the IVPT performance,
being the most important characteristics on which the predictive model is based.

Finally, the model nugget was linked to the ‘Analysis’ node to evaluate the predictive model
(Figure 11). Thus, the level of precision of the predictive model is 100% compared to the real model.
In terms of metric evaluation, the AUC values (area under the curve) and the Gini coefficients are
valued at 1, which means that the predictive classification model obtained by the C5.0 algorithm is a
very good one. The AUC rating metric is calculated as the surface under a ROC curve (characteristic
of the receiving operator) and is a scalar representation of the expected performance of a classifier.
AUC is always between 0 and 1, and the closer it is to 1, the better a classification is. Thus, a realistic
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classifier will not have an AUC of less than 0.5. The metric of the Gini coefficients is sometimes used
as an alternative metric to the AUC, and the two measures are closely interrelated [51].
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6. Contributions

This research is the first one which offers empirical informations about the influence factors on
IVPT performance, taking into consideration both characteristics of international projects and virtual
teams, at the same time. This study reveals a strong connection between team culture, national culture
dimensions, cognitive skills training programs and IVPT performance, by using a data mining process,
providing an important pattern which can represent a guide for international project managers to
create effective IVPTs. At the same time, the study offers empirical evidence about the influence of new
factors’ characteristics, which we have proposed based on literature review and which had not yet
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been analyzed at IVPT level: selection of virtual project team members, based on the skills and abilities
needed in the virtual work environment; establishing rules on the use of online collaboration tools;
selection of online collaboration tools, taking into account the project team members’ national culture
aspects; appropriate use of electronic instruments, depending on tasks and volume of information;
intercultural communication; selection of virtual project team members, taking into consideration the
characteristics of their national cultures; cognitive skills training programs for project team members;
specific occupational risks of the virtual environment (physical, psychosocial, combined). Two of
the new proposed factors’ characteristics were validated by the predictive model as being of critical
importance and influence.

7. Research Limitations

This research has several distinct limitations. First of all, sampling is non-random, which is
why the volume of the sample cannot be calculated, nor the maximum admissible error (precision).
The sample size was relatively small and included, mostly, Romanian nationality respondents, with the
other nationalities failing to form a critical mass. Therefore, the information obtained can be influenced
to a greater extent by the cultural dimensions specific to Romanian culture but, at the same time, it is
possible that these dimensions may have been dimmed if the respondents operate beyond the borders
of the country of origin. The responses of study participants may have been influenced by the level of
education (by understanding the terms used, taking into account that the questionnaire was written in
English) and by the mental state at the time of completion. Another survey limitation is the fact that
the participants have not been screened on project cost, size of projects, and their present success. Also,
the present research did not analyze a particular type of international project based on the activity area.
A larger and more rigorous sample could lead to new findings.

8. Conclusions

This research was conducted in order to offer better understanding regarding the importance of
factors that influence IVPT performance, on which international project managers should concentrate
their attention and resources, in order to create the IVPT which will ensure international project
success. Following the literature review, 11 factors were identified, which were adapted and included
in the present study. Results were, first, analyzed through descriptive statistics and also through
factorial analysis (PCA), which helped us to reduce the number of factors. The latter analysis results
helped us in preparing data for the modeling technique, establishing the target variable needed
for the C5.0 algorithm. Following the data mining process using the IBM SPSS Modeler software,
we have been able to interpret the behavior of factors that influence the IVPT performance, which can
be the starting point for future research studies, due to the accuracy of this method and predictive
model obtained.The research results are of particular importance, pointing out that IVPT performance
can be strongly influenced by the cognitive skills training of IVPT members, the national cultural
dimensions that differentiate countries from which team members originate, and team culture. Thereby,
neuromanagement becomes a solution to overcome stress created by uncertainty, risks, and multiple
changes throughout the project which influence the IVTP efficiency. This requires further research in
this field by conducting empirical studies to validate a specific training of cognitive abilities of IVPT
members and the optimal moment in which it is to be realized, so as to generate an increase in IVPT
performance. As far as the cultural influence factor is concerned, we consider empirical research on
the influence of each national cultural dimension on IVPT performance to be appropriate, taking into
account the preferences for different online collaboration tools and the validation of a model on the
optimal culture profile for work in the virtual environment, built on dominant cultural dimensions.
This model could be useful for the human resources department and project manager at the IVPT
member selection phase. As far as organizational culture is concerned, we have conducted an empirical
study validating the dimensions of a proposed model, which we will present in a future paper.
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