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ABSTRACT

This paper studies the problem of coordination and supervision of virtual
teams and their capabilities. The goal is to develop a model suitable for
managing virtual student teams specialized in the development of
smart environments. The developed model is based on SAFe and
DevOps, which when combined provide us with a framework for the
evaluation of team capabilities in an academic environment.
Additionally, DevOps principles can be more efficiently leveraged
through an agile methodology to provide students with a better
understanding of continuous value delivery. Through the application of
the proposed model, virtual student teams gained practical experience
in self-organization and virtual team management while being
efficiently monitored and guided through the project lifecycle. Virtual
student teams were likewise encouraged to be more agile, as this
change in mindset is imperative in business, and as such must also be
adopted in academic environments. By incorporating best practices of
the corporate environments into the existing curriculum, we have
proven that by adopting the proposed model these changes can be
feasibly incorporated to the satisfaction of both the students and their
future employers.
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1. Introduction

Smart environments are complex and require adequate development approaches to overcome their

complex technological and environmental aspects. One way of making sure that these complexities

can be overcome is to rely on virtual teams. These teams can be distinguished from regular teams by

their reliance on IT, modified organizational structures, and a multicultural working environment

(Bag et al., 2020). In addition, these teams are often interdisciplinary, with workers having a range

of relevant skills suitable for software development and its management (Gilson et al., 2015). The

organization of the virtual team workload includes standardization of strategy, installation of appro-

priate working environments along with necessary training, organization of communication chan-

nels, and encouragement of interactions through those channels. (Fan et al., 2011; Hill et al., 2014).

By combining all these workload elements, the necessity for adequate management becomes

apparent (Pinar et al., 2014). Performance management strategies ideally suited for virtual teams

are agile and seek to maximize efficient work while also fostering a constructive work climate. For

this reason, many companies are faced with difficulties in adapting their existing agile and non-

agile methodologies to work with virtual teams (Gibbs et al., 2017). While agile methodologies
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can contribute much to the team’s performance, the team members themselves need to cooperate

and focus on common goals through shared leadership and joint decision-making (Moe et al., 2015).

This cooperation is often made more difficult by the diverse skillsets and work cultures of the team

members, but it is this same skillset diversity that allows them to define, build, test, and implement

values in short iterations (Scaled Agile Inc., 2019d).

The difficulties of smart environment development lie in the fact that they cannot be segregated

into pure development and operational activities. By integrating both development and operational

activities into virtual teams we can enhance communication, integration, and automation in the

planning, development, testing, publishing, and maintenance of smart environments (Maroukian

& Gulliver, 2020). This way of implementation often has a direct influence on system development

velocity while also offering assurances of system quality and reliability (Wind River Systems, 2016).

To better prepare students for their future roles in corporate environments where virtual teams

are becoming the norm, similar principles must be utilized in the educational process (Bogdanović

et al., 2019). To better facilitate the management of a large number of virtual teams in academic

environments, adequate coordination and supervision capabilities are required. By monitoring

each student project and its assigned virtual student teams, any issues can be identified on time,

as well as positive behaviors that can be further reinforced. The requirement for being able to

monitor student projects is the utilization of well-known agile project management frameworks,

to provide a standardized monitoring interface for student projects. In this paper, we provide one

such framework, by combining various aspects of leading management frameworks, to better facili-

tate both the development and tracking of smart environment projects (Mihajlović-Milićević & Mitro-

vić, 2021). By combining an agile iterative approach that focuses on collaboration and DevOps

practice of bringing together development and operations teams (Agile Vs. DevOps: What’s the Differ-

ence? n.d.) we hope to improve the process of organizing and managing virtual student teams while

providing students with the expertise needed to organize and work in the real world. To evaluate the

proposed framework, a survey was conducted alongside a detailed analysis of monitored data.

The core principles, methods, and strategies of the proposed model of virtual team management

are examined in the introduction. Next is a full overview of the literature on the topic of virtual team-

work organization, followed by a description of how the model is implemented. The findings of the

research will be presented and reviewed. An examination of what has been accomplished regarding

the paper’s defined aims will be presented in this paper.

2. Literature review

2.1. Smart environment

Any environment built on the connectivity of sensors for interpretation and processing of data gen-

erated from IoT sources is referred to as a smart environment (Alberti et al., 2019; Camarinha-Matos &

Afsarmanesh, 2014; Cook et al., 2004). A smart environment is an intelligent agent that uses sensors

to perceive the state of its surroundings and then acts on that environment using controllers to opti-

mize the specified performance measurements (Atzori et al., 2010). This process of optimization is

automated and requires constant communication between sensors who exchange information via

the internet (Bhayani et al., 2016). Based on the information gathered, it can acquire knowledge

and apply it to adapt to the needs of its residents and improve the experience of the environment

(Friess & Herwig, 2017). By integrating smart devices into smart environments we can expand their

capabilities to allow users to monitor their environments remotely (Ahmed et al., 2016).

Examples of smart environments are omnipresent: Smart Cities, Smart Homes, Smart Classrooms,

Smart Offices, Smart Traffic, Smart Industry, Smart Marketing, Smart Agriculture, Smart Power Grids,

IoT in E-Health, Smart E-Government World (Radenković et al., 2017). Smart environment develop-

ment projects are specific IT projects in that they include Comprehensive Perception, Reliable
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Transmission, and Intelligent Processing (Chen et al., 2014), so we need specific management models

compared to standard IT projects related only to software development.

2.2. Virtual teams

Like collaboration in traditional teams, collaboration in virtual teams refers to synchronous and asyn-

chronous interactions and tasks to achieve common goals. The use of virtual teams allows organiz-

ations to hire professionals, to optimize teams made up of the best staff available in the job market

(Karl, 1999; Kirkman et al., 2004; Morrison-Smith & Ruiz, 2020) regardless of their physical location.

Additionally, virtual teams reduce the need to travel between locations, which should reduce

costs in terms of time, money, and stress (Orlikowski, 2016). It is estimated that by 2016, more

than 85% of working professionals were in some way involved in virtual teams (Solomon, 2016).

Between 2010 and 2020, the number of employees who work remotely in virtual teams at least

once a week increased 400% (Capers, n.d.). Zoom reported that in 2020, there will be over 300

million meeting participants per day (Bursztynsky, n.d.). According to UpWork’s Future Workforce

Pulse report, 36.2 million Americans will be working remotely by 2025 (Gallagher, n.d.). This rep-

resents an 87% increase over pre-pandemic levels (Kreamer et al., 2021). This implies that virtual

teams are crucial to maintaining our increasingly globalized social and economic infrastructure (Mor-

rison-Smith & Ruiz, 2020).

However, there are challenges concerning distance cooperation, as well as difficulties in choosing

management methodologies for virtual teams. Virtual teams are affected by physical factors such as

geographical, temporal, and perceptual distance (Davidavičien et al., n.d.). These factors are closely

related to social and emotional factors, including trust, motivation, and shortcomings (Dai et al.,

2019). Many more identified factors can significantly influence the workings of virtual teams such

as the nature of the job, motivation and trust-building, informal and face-to-face communication,

conflicts within the team, socio-cultural distance, diversity, common ground, work culture, and

more. All of these factors must be controlled, and each represents a series of challenges that well-

structured virtual teams should overcome (Lee Baker, 2018).

Identified challenges with working in virtual teams can be found in Table 1. (Morrison-Smith &

Ruiz, 2020).

While the coordination of virtual teams has its challenges, there are likewise difficulties with the

formation of teams and sustaining them during the project. Virtual teams, while virtual, still have to

conform to the existing organizational structure. Reliance on existing organizational structures can

pose some difficulties for virtual teams as their success relies heavily on complementary competen-

cies (Batarseh et al., 2017). Up to now, research has noted four consequences that influence colla-

borative work in a virtual team (Morrison-Smith & Ruiz, 2020; Yemane et al., 2021): assistance in

creating a common idea and standards in work, facilitating communication, ensuring a mechanism

for transparency of work, and designing technology that is easy to use. All of these factors should be

taken into consideration when models for virtual team management are designed and should rep-

resent a cornerstone for all the models’ functionalities (Morrison-Smith & Ruiz, 2020).

Table 1. Challenges with working in virtual teams.

Socio-emotional factors Technical factors Team configuration factors

Awareness of coworkers and their contributions to the
team

Technical infrastructure Job nature

Motivational sense of others’ presence Technical competence of team
members

Explicit leadership

Challenges in building trust Common foundation
Alignment of incentives and aspirations Competitive / cooperative

culture
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2.3. Organization and management of virtual teams

2.3.1. Scaled agile framework (SAFe)

Agile is a way or methodology of project management that is used in all types of projects but was

initially made for the IT industry, through which teams deliver products iteratively and incrementally

(through gradual improvements) maximizing product value (Fernanda et al., 2018). Many companies

are faced with decisions on how to apply agile methods in their virtual teams. Efficient work and a

constructive atmosphere in the virtual team are maintained through a suitable performance man-

agement strategy. Practice confirms that delegate principles are promising for virtual teamwork,

as they deal with the challenge of distributed work and the transfer of leadership functions to

team members. However, simply promoting democratic ideals by breaking down the organizational

hierarchy has not proven to be ideal in this case. The one-man-one-vote decision-making process

cannot create effective, self-managed virtual teams. As with conventional agile teams, agile virtual

teams must learn to rely on joint leadership and joint decision-making. The benefits and importance

of learning and training of virtual teams were recognized in the effective introduction of agile

methods (Moe et al., 2015).

Scaled Agile Framework (SAFe 5.0.) is an online knowledge base of proven, integrated principles,

practices, and competencies for applying the Lean, Agile, and DevOps approaches, intending to

develop and deliver software for large systems in the shortest implementation time. Scalable and

configurable SAFe synchronizes and provides coordination, collaboration, and delivery for multiple

agile teams (Scaled Agile Inc., 2019c) (Figure 1).

SAFe 5.0 (Figure 2) introduces seven core competencies required for business agility. Each com-

petence has three dimensions and represents a set of related knowledge, skills, and behaviors

(Scaled Agile Inc., 2019a).

SAFe Lean-Agile Leaders are lifelong learners and teachers who help teams build better systems

by understanding and presenting Lean-Agile Mindset, SAFe principles, andmastering the competen-

cies required for business agility (Scaled Agile Inc., 2019c).

2.3.2. Devops

DevOps is a set of technical practices and a collaborative culture that enables communication, inte-

gration, automation, and close cooperation of all parties needed to plan, develop, test, implement,

publish and maintain solutions (Cardoso et al., 2021). The concepts that DevOps relies on to provide

suitable lifecycle management are automation, continuous delivery, collaborative culture, and

reduction of collaborative and competency gap between development and operational teams. To

realize these DevOps concepts it is necessary to use appropriate tools (Ebert et al., 2016).

Figure 1. SAFe 5.1 (Scaled Agile Inc., 2019c).
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As a result of all these concepts working together, the frequency and quality of deliverables are

improved, alongside reduced risk through safer experimentation and reduced the frequency of fail-

ures (JakobTheDev, 2019).

DevOps while not strictly a project management methodology, can be considered to be agile. As

a result of this agility, its principles can easily be adapted in other management frameworks such as

SAFe. For this reason, DevOps is a part of the Agile Product Delivery competency. Through that, SAFe

implements some of the more notable DevOps principles such as system thinking and fast feedback

(Scaled Agile Inc., 2019b).

DevOps is becoming commonplace in software development, and when combined with SAFe it

provides companies with the necessary technological and methodological framework for virtual

team management. For this reason, any future virtual team management models must consider

the implications and difficulties posed by Devops virtual teams (Morrison-Smith & Ruiz, 2020).

2.4. Virtual teams in education

Academic institutions are seeking to follow the trend of incorporating virtual teams into existing

learning structures. Several apps are utilized in academics to create a virtual learning environment.

(Kumar et al., 2011), e.g. Moodle open-source platform (Moodle, n.d.; Selwyn, 2007), interactive

course materials, labs, and quizzes (Edmunds et al., 2012), as well as tutorials and simulations

(Yilirim et al., 2009). While these virtual environments are effective for providing new ways of learn-

ing, they do not provide real-world experience in multicultural communication, time management,

and virtual socializing for students (Long et al., 2010). By seeking to bridge the divide between cor-

porate and academic environments, students can be provided with invaluable experience that

businesses can take advantage of upon employment (Dávideková & Hvorecký, 2017).

Edwards and Sridhar (2005, 2006), and then Sridhar and Paul (2006) developed software develop-

ment models through virtual team projects and perfected them to apply to any virtual team project

(Edwards & Sridhar, 2005, 2006; Sridhar & Paul, 2006). Research on the work of virtual teams, viewed

from several different perspectives, was also conducted by Killingsworth et al. (2016), Paul et al.

(2016), and Rober (2020). These studies, however, did not include the application of agile method-

ologies for managing virtual student teams such as the SAFe framework and the DevOps principles

Figure 2. Overview of core competencies in SAFe 5.0 (Scaled Agile Inc., 2019a).
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within it. Likewise, they did not fully capitalize on the wealth of monitoring data provided by utilizing

a uniform management approach for all the virtual teams. Another potential shortcoming of their

studies is the lack of open-source software solutions in their collaborative models.

3. Models, methods, and materials

To provide better coordination of virtual student teams in the academic environment, a comprehen-

sive management model was adapted. The use of this unifying model based on SAFe and DevOps

allows for finer coordination of a large number of virtual student teams of students for the develop-

ment of smart environments. In addition to providing a collaborative framework, the use of a single

methodology allows for better monitoring capabilities of individual teams and their progress. These

advanced coordination and supervision capabilities can provide us with new insights into how

virtual student teams collaborate and give us real-time feedback on the communication and coordi-

nation tools utilized by the virtual student teams (Mihajlović-Milićević & Mitrović, 2021). By analyzing

the ways these tools are utilized we can see how students are diverging from corporate best prac-

tices, and provide us with parameters that can be further analyzed to quantify team results.

3.1. Infrastructure model

For virtual student teams to function properly, an infrastructure for their collaboration and tracking

must be provided. These infrastructures are made up of many different components and technol-

ogies, which must work within a common ecosystem to be utilized properly by the virtual

student teams. The model that we propose is made up of three major components: a collaborative

system, a smart environment development system, and a management system (Mihajlović-Milićević

& Mitrović, 2021). All of these systems are made to be as open-source as possible and open to exten-

sion. A more detailed overview of these components can be seen in Figure 3.

Figure 3. The infrastructure of the virtual team management model in the development of smart environments (Mihajlović-Mili-
ćević & Mitrović, 2021).
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The infrastructure of the collaboration system can be deployed in the public cloud, in the private

cloud of an educational institution, or the hybrid cloud. When deployed in such a way it serves as an

integration point for the relevant services: collaboration services, development environments, moni-

toring services, and project management solutions.

For development purposes, a virtual team relies on software components like application devel-

opment tools, IoT operating systems, and various additional software development services. IoT

applications are often executed on microcomputers, which require their own specialized integrated

development environments (IDE), and are often written in standard programming languages such as

Python, Java, C, and others (Radenković et al., 2017).

The third component of the system is not strictly technical but serves to provide coordination and

supervision of individual projects. By utilizing the SAFe agile framework with DevOps elements we

can standardize students’ projects, their evaluation and establish a feedback loop. This combination

of SAFe and DevOps is critical to the success of the other system components as it serves to unify the

technological segments into a unified model for agile coordination and monitoring. The implemen-

tation of the SAFE Framework and DevOps approach in this context can be seen in Figure 4.

As with many frameworks, the utilization of tools and applications for different project segments

is required. For our model, we have decided on Virtual team collaboration platforms (Mattermost,

BigBlueButton), software version control database (GitHub), project management systems (OpenPro-

ject), and learning management systems (Moodle). All the components are deployed on the private

cloud of the educational institution, except Github. The functionalities provided by these software

platforms can be seen in Figure 5.

All educational materials and sources of knowledge are hosted on Moodle. Each team member

has access to this shared content and course materials. Likewise, tests are available on Moodle to

assess the students’ acquired knowledge during their projects.

Communication channels for secure messaging via the web, mobile phone, and computer,

between team members are a prerequisite for successful collaboration and are provided through

the Mattermost platform, as an open-source alternative to Slack. The platform will provide team

members with the option of archiving and retrieving exchanged messages. Video conferencing

and online meetings are critical for virtual student teams and are provided through the integration

of BigBlueButton with the Mattermost platform.

The student project life cycle is monitored and evaluated through the OpenProject tool, which

gives us up-to-date information on the state of each project. Since the student projects primarily

Figure 4. Implementation of the SAFE Framework and DevOps approach (Burndown, 2018).
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deal with the development of smart environments, the source code of the resulting applications and

their changes are tracked via GitHub, which is integrated with OpenProject and Mattermost for

monitoring purposes.

3.2. Implementation

3.2.1. Research context

The research was conducted at the University of Belgrade, Department of E-Business of the Faculty of

Organizational Sciences. The participating students were undergoing undergraduate studies in two

separate subjects: the Internet of Things and E-business Risk Management. Students in both courses

learned about agile approaches such as SAFe and Scrum, as well as the OpenProject project moni-

toring tool, through lectures and exercises. E-business Risk Management students were given the

duty of managing IoT projects as SAFe Scrum Masters. IoT teams were made up of students who

shared programming, design, and testing responsibilities. Each team consisted of 3–5 people.

Through the role of Product Owner, professors oversaw and controlled the entire work of the stu-

dents (Mihajlović-Milićević et al., 2019). For project management of individual student projects,

the SAFe framework was used. Product Owners (professors) compiled a list of smart environment

projects and functions that each virtual team was responsible for implementing (Product

Backlog). Each project was assigned to individual virtual student teams. The Product Owners gave

the team members and the SAFe Scrum Master clearly defined tasks. Because the virtual student

Figure 5. System IT infrastructure.
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team’s work is organized using the SAFe agile framework, students were expected to self-organize in

terms of work dynamics, communication tools, work organization within the team, and so on. The

SAFe Scrum Master’s goal was to keep the team engaged, ensure that they worked according to

the intended dynamics, and interact with the Product Owners (Royle & Nikolic, 2016).

3.2.2. Procedure

The students’ projects were conducted during the spring semester of 2020/2021, which was during

the coronavirus pandemic, the projects had to be done through virtual student teams that relied on

various forms of online communication and online meetings. The first challenge that the model

needed to overcome was the organization and work assignments of students in virtual student

teams. The process of managing all of the student projects through the developed model was

done through four stages, which can be seen in Figure 6.

In the proposed model, communication flow is based on job structure. The virtual student teams

have naturally split the job into two categories: management and executive. Professors served as

Product Owners with students serving as Scrum masters in the management roles. Students who

formed the development team were given executive roles.

Information flow, decision making, problem-solving, and other activities were all part of the

virtual team’s work structure, as were ‘negotiation’ discussions that required face-to-face contact

via communication tools (Lazarević, 2012). Information flowed between all team members as well

as between virtual student teams, regardless of whether they were members of management or

executive teams. These information flows can be seen in Figure 7.

4. Evaluation

4.1. Research questions

The objective of the evaluation is to understand the parameters that affect virtual team performance

and teamwork outcomes in the proposed model. Understanding and analysis of these parameters

will yield new ways that the model can be enhanced for the development of smart environments

and project effectiveness. Some of the parameters that have been identified for the evaluation

include collaboration, coordination, communication, trust and rewarding (Ioannidis & Makridis,

2020).

The findings of the analysis of the virtual team management model’s implementation should

address the main research questions:

1. What are the students’ attitudes towards the proposed approach for managing virtual student

teams in the development of smart environments with SAFe and DevOps?

2. Can the analysis of the collected data offer insights into the structure, way of working, and com-

munication within the virtual student teams?

Figure 6. Research procedure.
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3. Can the analysis of collected data help professors determine the flows of information exchange in

virtual student teams?

4.2. Instruments

During the research, data was collected by surveying and interviewing students, as well as monitor-

ing data within software tools used for the work of virtual student teams. The obtained research

results should answer the three research questions and provide an in-depth breakdown of the

quality of work in the developed model.

This study’s research tool was a structured questionnaire, with a Likert scale for grades of answers.

Given the literature’s consensus on the importance of communication, organizational commitment,

and motivation as important aspects of a virtual project team’s performance, these parameters, as

well as their mutual relationships, were examined (Gheni et al., 2019). The data was analyzed using

statistical approaches and tools.

4.2.1. Questionnaire

The questionnaire was divided into 3 categories:

A. Students’ attitudes towards the proposed approach: 26 questions were asked (Table 2). 3 of

them were control questions. This group of questions was aimed at getting feedback on

how much students like this way of working, whether they understand it, whether they like

the change in the way they study and take the exam. By analysing these questions, we can

offer an answer to the first research question, and ascertain the sentiment towards the pro-

posed model.

B. Organization of structure, work, and communication within virtual student teams: 40 questions

were asked. 3 of them were control questions (Table 3). Students answered questions about the

way they worked on the project was organized: did they have clear tasks, did they have enough

time to do their tasks, were the communication channels clear and open, were they given learn-

ing materials were available or sufficient. By analyzing these questions, we can offer answers to

the second and third research question, and present the most likely ways that students collab-

orate, exchange information and go about their assigned tasks.

C. Analysis of knowledge exchange in students’ virtual teams: 6 questions were asked (Table 4). 3

of them were control questions. By introducing an agile approach in student projects, students

are constantly learning about technical and organizational aspects of the project, and for the

Figure 7. Communication between virtual student teams.

10 J. MIHAJLOVIĆ-MILIĆEVIĆ ET AL.



success of the project, this knowledge must be constantly exchanged. With this group of ques-

tions, we wanted to find out to what extent the students were able to do that through working

on the project. While this set of questions is not aimed at answering any research questions, its

aim is to offer feedback on the projects themselves, and give insights into how well students

coped with their execution.

4.2.2. Social network analysis

The quality of communication, cooperation, and knowledge exchange in virtual student teams was

also assessed using social network analysis (SNA) methodologies. Each virtual team inevitably creates

a social context that has an important impact on the success of the project, because it influences the

decision-making of the project. It can be assumed that the model of managing virtual student teams

in the development of smart environments is an innovation project, and as such, it is characterized

by the dynamic evolution of the social context of virtual student teams. Therefore, such a structure is

suitable for the use of SNA (Cross et al., 2002; Gebhardt et al., 2020). Social network analysis is made

up of three components: groups, interactions (connection), and attributes. The group is a virtual

team with 3–5 people (students: programmer, tester, designer, SAFe Scrum master) and a professor

for this exercise (Product Owner). SNA will examine interactions (relationships) between team

members and inside the team. The data attributes of SNA will indicate whether or not any systemic

issues are affecting the virtual team’s interactions (Milovančević et al., 2019), some of these issues

Table 2. Students’ attitudes towards the proposed approach; * – control questions.

Questionnaire I (partial)
Av.
score

Std.
dev Conf. int.

1 The application of the agile Scrum framework on the project had a positive effect on the
quality of the obtained solution.

3.94 0.91 3.64–4.23

2 The application of the agile Scrum framework on the project made the implementation of
the project more difficult.*

1.97 1.12 1.65–2.3

4 Well-analyzed and clear requirements in the terms of reference affect the quality of the
final product.

4.70 0.56 4.54–4.87

5 The scrum framework provides a higher level of team empowerment and collaboration. 4.23 0.85 3.98–4.48
6 Project management could have been more efficient.* 2.97 1.23 2.61–3.33
7 Parts of the project solution can be improved. 3.66 0.93 3.36–3.97
9 Teaching organized in this way increases the interest in learning and working in agile

methodologies.
3.92 1.06 3.61–4.23

10 This organization of teaching had a positive effect on the interaction with professors. 3.78 1.11 3.45–4.1
11 This is an educational approach that can be useful to the student in further development

and career.
4.43 0.69 4.23–4.64

12 Creating a project assignment is useful for preparing for the final exam on the subject. 4.05 1.05 3.7–4.39
13 The realization of the project in a DevOps organized environment had a positive impact on

the quality of cooperation between team members.
3.91 0.79 3.29–4.53

14 The realization of the project in a DevOps organized environment made the realization of
the project more difficult.*

2.91 1.24 1.94–3.87

16 Realization of the project in a DevOps organized environment requires connecting
technical and non-technical aspects of DevOps.

3.82 0.83 3.17–4.47

18 Learning DevOps from experience is more important and useful than a purely theoretical
approach.

4.00 0.77 3.37–4.63

20 The goal of working in a DevOps-organized environment is to enable efficient continuous
deployment.

4.00 0.74 3.43–4.57

21 The culture of work created by the application of DevOps has enabled open cooperation
and open communication.

3.73 0.75 3.14–4.31

22 The culture of work created by the application of DevOps has enabled engaged mentoring
and technical leadership.

3.82 0.83 3.17–4.47

23 The culture of work created by the application of DevOps requires self-organization within
the team.

3.64 1.07 2.81–4.47

24 Tools are an important part of the DevOps approach. 4.00 0.74 3.43–4.57
25 Using the DevOps tool would be a challenge. 3.45 0.99 2.69–4.22
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are: how information flows within the virtual team, who is the most contacted member, and the

effectiveness of shared pieces of information.

5. Results

Students and lecturers completed a questionnaire at the end of the project to answer questions

regarding their involvement in the development of smart environments within virtual student

teams. 75 students and two professors completed a questionnaire with 75 questions that assessed

the process’s predicted performance as well as the results of the participants’ input. The Professors

(2) had a Product Owner role. Students had the Scrum master role (30) and development team roles

(45).

5.1. Students’ attitudes towards the proposed approach

The average grade on attitudes toward the proposed approach is 3.90. The results of the study

showed that students positively perceived the SAFe and DevOps with average grades of 4.07 (ques-

tions 1–7, Table 2) and 3.80 respectively (questions 13–26, Table 2). On the control questions, ie. the

conclusion that the management of the project could have been better (question no. 6, Table 2), the

Table 3. Work of virtual student teams.

Questionnaire II (partial) Av. score
Std.
dev Conf. inte

1 Team members understood each other’s roles. 4.45 0.88 4.2–4.71
2 I met all the team members before starting the project. 3.62 1.72 3.11–4.13
3 The basic tool for cooperation and communication within the team was see Figure 11
5 How many meetings were held during the project? see Table 6
6 How often did you meet with other team members? see Figure 10
7 Indicate how long the meetings lasted on average see Table 5
8 Group meetings are very productive. 4.09 0.85 3.84–4.34
9 Team members initiated communication when solving problems with each other

without involving a Scrum Master or Product Owner.
3.90 1.16 3.56–4.24

14 The Scrum Master, in agreement with the Product Owner, listed all the ideas and
requirements in the Product Backlog.

4.31 0.87 4.02–4.59

17 There was good understanding and cooperation between the development team
and the Product Owner during the work on the project.

4.08 1.06 3.77–4.39

19 Product Owner helped team members maximize the value of their product. 3.97 1.09 3.65–4.3
20 The role of the Scrum master on the project was clear to me. 4.22 1.12 3.89–4.55
22 Scrum master influenced the project to be implemented efficiently. 4.17 1.03 3.87–4.48
26 The possibility of constant review of the work of all teammembers in OpenProject

enabled better planning and organization of work.
3.82 1.03 3.52–4.12

28 The OpenProject tool is intuitive and easy to use. 4.00 0.93 3.73–4.27
30 Using the OpenProject tool has enabled increased productivity. 3.47 1.04 3.16–3.77
36 I exchanged useful information with my team members to solve the problem

together.
4.71 0.45 4.4–5.03

38 The BigBlueButton tool is easy to use. 3.36 1.04 2.64–4.08
39 The use of the BigBlueButton tool has made lectures and exercises more

accessible.
2.71 1.44 1.72–3.7

40 Working in a DevOps organized environment was the first contact with the
software development cycle, through teamwork.

3.71 0.80 3.17–4.26

Table 4. Meeting’s duration.

Meeting duration (min) Number of meetings

15–20 36
30 38
60 14
More than 60 12
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application of the agile Scrum framework on the project made the realization of the project more

difficult (question no. 2, Table 2) and the realization of the project in a DevOps framework made

the realization of the project more difficult were low rated by the students, they disagreed

(average score 2.61).

5.2. Organization of structure, work, and communication within virtual student teams

The average grade for the work of virtual student teams is 3.90. Respondents recognized the impor-

tance of good communication and assessed that communication on the project was very good, with

an average score of 4.29 (questions 1–23, 36, and 37, Table 3).

The role of the SAFe Scrum Master is well received and highly rated (questions 20–23, Table 3).

The students also rated OpenProject as a very good grade 3.87 as a tool for monitoring project activi-

ties (questions 24–35, Table 3). Interestingly, OpenProject has got the lowest average score regard-

ing efficiency (3.50) and productivity (3.47). The tool BigBlueButton was rated positively with an

average score of 3.04 (questions 38 and 39, Table 3).

The results of the conducted study also showed that during the project, a sufficient number of

virtual meetings were held, which were attended by all team members(Yemane et al., 2021).

Virtual meetings were held in most cases once in two weeks (42%) (Figure 8).

The basic tools for collaboration and communication within the team were Mattermost (21 par-

ticipants, 38%), Viber / WhatsApp (39 participants, 51%), OpenProject (3 participants, 4%), and some

other tools (5 participants, 7%) (Figure 9). Interestingly, the most popular tools for communication

were Viber and WhatsApp despite Mattermost which is one of the most used tools for collaboration

in corporate environments.

On average, the meetings lasted 30 min (38%). Only a small number of virtual student teams held

meetings lasting more than one hour (Table 4).

The number of meetings held during the project is shown in Table 5.

Most of the students thought that working on such a project was a useful experience and a good

way to get acquainted with virtual student teams, IoT development, and agile methodologies. About

70% of the surveyed students stated that the way of working as well as differences of opinion made

it difficult to implement the project. There were difficulties in understanding the role of the SAFe

Scrum Master, but the greater challenge was to accept the existence of such a role that directs

Figure 11. View the use of the Wiki and News modules in the Gephi too.
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and takes care of the work of the team (average score 4.18, questions 20–23, Table 3). They tried to

overcome difficulties in communication, time differences, inexperience in coordinating and organiz-

ing time for the work of members of virtual student teams. The role which the Professors played, that

of the Product Owner was very well accepted by other participants (av. score 4.04, questions 14–17

and 19, Table 3).

5.3. Analysis of knowledge exchange in virtual student teams

The average grade is 4.01. The work of virtual teams was also very well accepted by participants with

an average score of 4.52 (questions 1–6, Table 6).

While a smaller proportion of students thought this type of teaching organization was compli-

cated and unneeded, they valued the opportunity to acquire current techniques that could be

useful in real-world situations. From the professor’s point of view, the team members managed

to successfully master the tools for collaboration and documentation monitoring, and the difficulties

they encountered while working together in the virtual environment made them rely on each

other’s competencies. They managed to establish closer personal and professional ties because

mutual trust was built and collective abilities improved.

Further, social network analysis was applied to gain additional insights into the information flow

and knowledge exchange among students. The virtual student teams were composed of a small

number of students, 4–5 members. All teams were viewed as one large student team to obtain

some SNA measures.

Figure 10 depicts members of selected virtual teams and their interactions.

It is important to note that the majority of virtual teams have 4–5 members, with each student

focusing on the completion of only one project. Some students served as Scrum Master on a

maximum of two projects, as evidenced by the graph’s connection of more than five nodes (stu-

dents). Within each team, each team member was linked to other team members, and the existence

of a central team member (mediator in communication and cooperation of the other two team

members) was removed. Direct connection between all team members, i.e. the maximum number

of interactions within the team, represents the maximum team density, which is one. In virtual

student teams, isolated team members and substructures formed by grouping several team

members were not discernible. However, in the case of larger teams, maximum connectivity

within the team is generally impossible, so the presence of central nodes is becoming more

common.

Table 5. Number of the meeting’s on the project.

No meetings No meetings on the project

1 5
Between 6 and 10 39
Between 2 and 6 28
More than 10 4

Table 6. Knowledge exchange in virtual student teams.

Questionnaire III (partial)
Av.
score

Std.
dev Conf. inte

1 My team worked efficiently. 4.20 0.83 3.65–4.75
2 My team has met the set goals. 4.60 0.61 4.19–5.01
3 My team mostly did tasks on schedule. 4.14 0.74 3.63–4.65
4 I believe that other team members are reliable. 4.67 0.60 4.27–5.06
5 I believe that other team members will work in their best interests. 4.71 0.59 4.31–5.12
6 I believe that other team members are knowledgeable and competent to work on the

project.
4.79 0.56 4.4–5.17
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The density of the network that presents all virtual student teams as one big team based on the

results obtained using the Gephi tool is 0.013. The low value of the network density represents a

weak connection between the nodes. The weak connection in this example is due to the connection

of teammembers mainly with all members of his team which has 4–5 members. This result is a useful

Figure 9. Tools for collaboration.

Figure 10. View virtual student teams in the Gephi tool.

Figure 8. Meeting statistics.
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input for us professors because it allows us to see if there are isolated team members and which way

to deal with them.

Figure 11 shows the usage of Wiki and Newsmodules with the OpenProject, visualized using Gephi.

The graph shows the extent to which team members used the Wiki and News modules to share and

generate knowledge. Different shades of green represent different levels of utilization of the Wiki

module as in the previous graph. Interestingly, a lot of virtual student teams showed a great tendency

to use the News module in addition to the low utilization of Wiki pages (large nodes with a light shade

of green). This section of the analysis shows which virtual student teams have achieved better com-

munication on the Wiki, allowing us to compare virtual student teams and measure the intensity of

Wiki use. Due to the organization of classes, professors need to know whether there are virtual

student teams that did not share knowledge. To prevent that, the conclusion is that the analysis

can be done during the semester, and under the course of work to intervene and guide students.

Documentation is an integral part of every project. At the end of the realization of each project,

which was realized by virtual student teams, offering a smart solution in various areas of human

activity, the final documentation was written. Within the Wiki module, each team posted documen-

tation of their projects. Based on the set documentation, the analysis was performed using the SNA

tool VOSviewer to obtain the most frequently mentioned terms during their writing. The analysis

presents terms that are five or more times.

Figure 12 presents a network of terms that appear five or more times in project documentation.

Most of the terms refer to parts of the application code implemented by the virtual student teams

Figure 12. A network of terms that appear five or more times in the documentation.

16 J. MIHAJLOVIĆ-MILIĆEVIĆ ET AL.



(terms related to front-end, the back-end of IoT development, such as class, div, script, request,

GPIO.IN, GPIO.OUT…). The method of project development was the agile method, Scrum, which

can be seen through the emergence of concepts of this method Scrum Master, Product Owner,

Sprint, development team. During the implementation of the project, the team members worked

on the risks that may arise during the work on the same and the priorities in their solution and elim-

ination, which indicate the terms risks, priority, project that are presented online. Views of the final

solutions are visible through the terms of applications, images (which represent parts of applications,

various schemes of connected smart devices) as well as parts of code. The terms Arduino, buzzer,

computer, database, data, data indicate the representation of the architecture of the system.

From the insight into this part of the analysis, it can be concluded that Scrum Masters performed

their part of the project management responsibilities by writing project assignments, but the

members of the teams (developers) did not, because there was no detailed documentation on

the Wiki. Development Projects have not been documented, which can be seen in the absence of

cluster separation. On the other hand, it is not unexpected, because the IoT subject, which is an elec-

tive in the curriculum, teaches about specific IoT-related aspects of software engineering, so stu-

dents cannot entirely apply their general knowledge of software engineering. In future work, it

would be necessary to devote more effort in teaching students how to properly document their

IoT and smart environment projects.

6. Discussion and conclusion

In this paper, a model for monitoring and management of virtual student teams was presented. The

model was specialized for smart environment development. As the model relies on the uniformman-

agement approach of all virtual student teams for its monitoring needs, all the teams had to adopt

SAFe and DevOps principles in their project management and team interactions. The application of

SAFe and DevOps in an educational environment had the aim of bridging the gap between the aca-

demic and corporate environments by offering students insights into real-world project dynamics.

The model was evaluated through the analysis of the questionnaire provided to the student par-

ticipants. Through this evaluation all the research questions were confirmed to be positive, and

detailed answers were provided. The evaluation also showed that students were generally

pleased with the agile project approach, and had a better understanding of DevOps principles.

Additionally, data on their interactions and behaviors was gathered and analyzed via social

network analysis, where insights into team dynamics and important issues were identified. The moni-

toring framework likewise provided us with understanding of individual team activities, their issues,

and the most common talking points.

By analyzing the results of the questionnaire, and compiling our experiences in the application of

the proposed model, we present some relevant conclusions for three chief parties involved: faculty

management, professors, and students.

For professors, the implications are as follows:

. Student access to necessary knowledge sources is critical to the success of their projects

. In order to avoid informal communication, all student communication should be carried out

through traceable services.
. Since Devops heavily relies on a multitude of tools, the inclusion of practical exercises related to

Devops tools use is mandatory.
. In order to cope with a large number of students, students should be encouraged to be more

proactive and self-reliant. This self-reliance should also play the added role of reinforcing their

grasp on the agile approach.

The implications for the student are as follows:
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. More effort should be devoted to practical work, which is a part of exam obligations,

. Learning to work within a tight schedule provided by the agile approach is necessary in order to

complete the projects on time.
. Accept and use the model’s official and monitored communication channels while avoiding infor-

mal channels of communication.

The implications for the educational institution are the following:

. Professors should be provided with latest sources of necessary knowledge and information

required for passing on knowledge related to current corporate trends to the students.
. Business experts should be brought in to showcase new and current project management prac-

tices, for both the professors and the administration.
. Working conditions in an academic institution should be equivalent to working in a startup

company, in such a way invested funds may be recovered when university-developed projects

are sold on the market.
. Technological infrastructure is becoming increasingly more important and its availability is crucial

to both the professors and the students, if the technological infrastructure is insufficient, pro-

fessors will increasingly rely on open-source tools in an effort to bypass the limitations of the

current technological infrastructure.
. The proposed model, while specialized for IoT development, is easily adapted for other purposes.

The modification and further implementations of the model in other subjects taught in the uni-

versity should provide a much needed update to the curriculum and make for easier transition

from academic into corporate environments for both students and professors.

The application of the described model differs greatly from the previous teaching methods and

necessitates considerable changes. However the adoption of these changes is mademore difficult by

the challenges and limitations such as: insufficient access to knowledge sources, insufficient time for

practical exercises related to tool use and the open source nature of the tools where certain required

functions were not available. The most significant challenge encountered was that the number of

professors and lecturers was small in comparison to the number of students. The students in

spite of potential lack of professor involvement were quite enthusiastic about the project, but the

application of agile methodology was often difficult for them and could have been easier if more

professors were involved.

These challenges have made the application of the model difficult, but the insights gained and

conclusions made can be leveraged to reduce these flaws, and even remove some of the flaws

entirely in the future. In addition, the model should be extended, and applied to a broader range

of subjects. By adopting this model for a broader range of subjects, we can hopefully see a consistent

change in culture in both the students and professors. This change in culture when coupled with the

required knowledge should provide students with the best possible education for coping with the

current economic trends where knowledge and skills required by the industry are constantly on the

rise.

Disclosure statement

No potential conflict of interest was reported by the author(s).

Funding

This work was supported by Ministry of Education, Science and Technological Development of the Republic of Serbia:

[institutional funding of FON and IEN].

18 J. MIHAJLOVIĆ-MILIĆEVIĆ ET AL.



Notes on contributors

Jelena Mihajlović-Milićević is PhD student at Faculty of organizational sciences, University of Belgrade, Serbia. Her areas

of interest are: e-education, agile project management, smart environments.

Miloš Radenković is an assistant professor at School of Computing, Union University, Serbia. His research interests

include smart environments, software engineering, and DevOps. He is a member of the IEEE and the IEEE Computer

Society.

Aleksandra Labus is an associate professor at the Faculty of Organizational Sciences, University of Belgrade. She is a

member of the IEEE and the IEEE Computer Society. She is a treassurer of IEEE Computer chapter CO 16. Her research

interests include: e-business, internet of things, e-education and social networks.

Danijela Stojanović is a research associate at the Institute of Economic Sciences in Belgrade. She is a member of the IEEE

and the IEEE Computer Society. Her research interests include e-education, information technologies and internet of

things.

Zorica Bogdanović is a professor at the Faculty of Organizational Sciences, University of Belgrade, and the head of the

IoT center. She is a member of the IEEE and the IEEE Computer Society. She is a secretary of IEEE Computer chapter CO

16 and the head of the seminar of IEEE Computer chapter CO 16. Her research interests include: e-learning, internet

technologies, and IoT.

ORCID

Jelena Mihajlović-Milićević http://orcid.org/0000-0003-1886-6577

Miloš Radenković http://orcid.org/0000-0002-1708-9799

Aleksandra Labus http://orcid.org/0000-0002-7716-5845

Danijela Stojanović http://orcid.org/0000-0002-9728-8586

Zorica Bogdanović http://orcid.org/0000-0003-4799-1588

References

Agile Vs. DevOps: What’s the difference? (n.d.). https://www.guru99.com/agile-vs-devops.html

Ahmed, E., Yaqoob, I., Gani, A., Imran, M., & Guizani, M. (2016). Internet-of-things-based smart environments: State of the

art, taxonomy, and open research challenges. IEEE Wireless Communications, 23(5), 10–16. https://doi.org/10.1109/

MWC.2016.7721736

Alberti, A. M., Santos, M. A. S., Souza, R., Da Silva, H. D. L., Carneiro, J. R., Figueiredo, V. A. C., & Rodrigues, J. J. P. C. (2019).

Platforms for smart environments and future internet design: A survey. IEEE Access, 7, 165748–165778. https://doi.

org/10.1109/ACCESS.2019.2950656

Atzori, L., Iera, A., & Morabito, G. (2010). The internet of things: A survey. Computer Networks, 54(15), 2787–2805. https://

doi.org/10.1016/j.comnet.2010.05.010

Bag, S., Yadav, G., Dhamija, P., & Kumar Kataria, K. (2020). Key resources for industry 4.0 adoption and its effect on sustain-

able production and circular economy: An empirical study sustainable production circular economy ethical business

development sustainable resources. https://doi.org/10.1016/j.jclepro.2020.125233

Batarseh, F. S., Usher, J. M., & Daspit, J. J. (2017). Collaboration capability in virtual teams: Examining the influence on

diversity and innovation. International Journal of Innovation Management, 21(4), 1–29. https://doi.org/10.1142/

S1363919617500347

Bhayani, M., Patel, M., & Bhatt, C. (2016). Internet of things (IoT): In a way of smart world (Vol. 438, pp. 343–350). https://

doi.org/10.1007/978-981-10-0767-5_37

Bogdanović, Z., Despotović-Zrakić, M., Naumović, T., Živojinović, L., & Bjelica, A. (2019, March 20–22). Inducing creativity

in engineering education: A crowdvoting approach. 2019 18th international symposium INFOTEH-JAHORINA, INFOTEH

2019 – Proceedings. https://doi.org/10.1109/INFOTEH.2019.8717761

Burndown, T. (2018). SAFe basic flows. http://theburndown.com/2018/01/12/adaptive-release-planning/

Bursztynsky, J. (n.d.). Zoom shares pop after users grow from 200 million to 300 million in a matter of days. CNBC.Com.

Published April 23, 2020.

Camarinha-Matos, L. M., & Afsarmanesh, H. (2014). Collaborative systems for smart environments: Trends and chal-

lenges. IFIP Advances in Information and Communication Technology, 8827, 3–15. https://doi.org/10.1007/978-3-

662-44745-1_1

Capers. (n.d.). Findings from a decade in tech. Getapp.Com. Published January 22, 2020.

Cardoso, T., Chanin, R., Santos, A., & Sales, A. (2021). Combining agile and DevOps to improve students’ tech and non-tech

skills. 1(Csedu), 299–306. https://doi.org/10.5220/0010401302990306

INTERACTIVE LEARNING ENVIRONMENTS 19

http://orcid.org/0000-0003-1886-6577
http://orcid.org/0000-0002-1708-9799
http://orcid.org/0000-0002-7716-5845
http://orcid.org/0000-0002-9728-8586
http://orcid.org/0000-0003-4799-1588
https://www.guru99.com/agile-vs-devops.html
https://doi.org/10.1109/MWC.2016.7721736
https://doi.org/10.1109/MWC.2016.7721736
https://doi.org/10.1109/ACCESS.2019.2950656
https://doi.org/10.1109/ACCESS.2019.2950656
https://doi.org/10.1016/j.comnet.2010.05.010
https://doi.org/10.1016/j.comnet.2010.05.010
https://doi.org/10.1016/j.jclepro.2020.125233
https://doi.org/10.1142/S1363919617500347
https://doi.org/10.1142/S1363919617500347
https://doi.org/10.1007/978-981-10-0767-5_37
https://doi.org/10.1007/978-981-10-0767-5_37
https://doi.org/10.1109/INFOTEH.2019.8717761
http://theburndown.com/2018/01/12/adaptive-release-planning/
https://doi.org/10.1007/978-3-662-44745-1_1
https://doi.org/10.1007/978-3-662-44745-1_1
https://doi.org/10.5220/0010401302990306


Chen, S., Xu, H., Liu, D., Hu, B., & Wang, H. (2014). A vision of IoT: Applications, challenges, and opportunities with China

perspective. IEEE Internet of Things Journal, 1(4), 349–359. https://doi.org/10.1109/JIOT.2014.2337336

Cook, D. J., Das, S. K., Lewis, F. L., Latchman, H. A., Mundi, A. V., Conti, M., Youngblood, G. M., Marples, D., Moyer, S.,

Abowd, G. D., Mynatt, E. D., Cook, D. J., Misra, A., Das, S. K., Huber, M., Nixon, P. A., Wagealla, W., English, C.,

Terzis, S.,… Cook, D. J. (2004). Frontmatter. In Smart environments (pp. i–xvii). https://doi.org/10.1002/

047168659X.fmatter

Cross, R., Parker, A., & Borgatti, S. P. (2002). A bird’s-eye view: Using social network analysis to improve knowledge cre-

ation and sharing. IBM Institute for Business Value, 1600–1669.

Dai, Y., Lu, S., & Liu, A. (2019). Student pathways to understanding the global virtual teams: An ethnographic study.

Interactive Learning Environments, 27(1), 3–14. https://doi.org/10.1080/10494820.2018.1448286

Davidavičien, V., Al Majzoub, K., & Meidute-Kavaliauskiene, I. (n.d.). Factors affecting knowledge sharing in virtual teams.

https://doi.org/10.3390/su12176917

Dávideková, M., & Hvorecký, J. (2017). Collaboration tools for virtual teams in terms of the SECI model. Advances in

Intelligent Systems and Computing, 544, 97–111. https://doi.org/10.1007/978-3-319-50337-0_9

Ebert, C., Gallardo, G., Hernantes, J., & Serrano, N. (2016). DevOps. IEEE Software, 33(3), 94–100. https://doi.org/10.1109/

MS.2016.68

Edmunds, R., Thorpe, M., & Conole, G. (2012). Student attitudes towards and use of ICT in course study, work and social

activity: A technology acceptance model approach. British Journal of Educational Technology, 43(1), 71–84. https://

doi.org/10.1111/j.1467-8535.2010.01142.x

Edwards, H. K., & Sridhar, V. (2005). Analysis of software requirements engineering exercises in a global virtual team

setup. Journal of Global Information Management, 13(2), 21–41. https://doi.org/10.4018/jgim.2005040102

Edwards, H. K., & Sridhar, V. (2006). Collaborative software requirements engineering exercises in a distributed virtual

team environment. In H. K. Edwards & V. Sridhar (Eds.), Advanced topics in global information management (Vol. 5,

pp. 178–198). IGI Global.

Fan, Z. P., Suo, W. L., Feng, B., & Liu, Y. (2011). Trust estimation in a virtual team: A decision support method. Expert

Systems with Applications, 38(8), 10240–10251. https://doi.org/10.1016/j.eswa.2011.02.060

Fernanda, S., Manuel, S., Germania, R., Samanta, C., Danilo, J., & Patricio, A. (2018, April). Agile methodologies applied in

teaching-learning process in engineering: A case of study. IEEE Global Engineering Education Conference, EDUCON,

2018, 1201–1207. https://doi.org/10.1109/EDUCON.2018.8363366

Friess, K., & Herwig, V. (2017). Classification of smart environment scenarios in combination with a human wearable

environment communication using wireless connectivity. https://doi.org/10.5121/csit.2017.70704

Gallagher. (n.d.). Upwork study finds 22% of American workforce will be remote by 2025. Businesswire.Com. Published

December 15, 2020.

Gebhardt, K., Riel, A., & Maes, T. (2020). Integrating stakeholder and social network analysis into innovation project man-

agement (Vol. 1). Springer International Publishing. https://doi.org/10.1007/978-3-030-56441-4_60

Gheni, A. Y., Jusoh, Y. Y., Jabbar, M. A., Ali, N. M., Shanmugam, M., Yousif, H. A., Yahya, A., Jusoh, Y. Y., Jabar, M., & Yousif,

H. A. (2019). Measuring the performance of the virtual teams in global software development projects. Journal of

Information Technology Management, 11(1), 43–59. https://doi.org/10.22059/jitm.2019.73269

Gibbs, J. L., Kim, H., & Boyraz, M. (2017). Virtual teams. The International Encyclopedia of Organizational Communication,

March, 1–14. https://doi.org/10.1002/9781118955567.wbieoc215

Gilson, L. L., Maynard, M. T., Jones Young, N. C., Vartiainen, M., & Hakonen, M. (2015). Virtual teams research: 10 years,

10 themes, and 10 opportunities. Journal of Management, 41(5), 1313–1337. https://doi.org/10.1177/

0149206314559946

Hill, S., Lorinkova, N., & Karaca, A. (2014). A critical review and meta-analysis of leadership behaviors and virtual teams

performance. In Academy of management proceedings (Vol. 2014). https://doi.org/10.5465/AMBPP.2014.

12990abstract

Ioannidis, A., & Makridis, C. (2020). Managerial competencies and skills in virtual teams of matrix organizations: A corre-

lation analysis on virtual team performance (Issue June) [Blekinge Institute of Technology]. www.bth.se

JakobTheDev. (2019). The eight phases of a DevOps pipeline. https://medium.com/taptuit/the-eight-phases-of-a-devops-

pipeline-fda53ec9bba

Karl, K. A. (1999). Mastering virtual teams. Academy of Management Perspectives, 13(3), 118–119. https://doi.org/10.5465/

ame.1999.2210323

Killingsworth, B., Xue, Y., & Liu, Y. (2016). Factors influencing knowledge sharing among global virtual teams. Team

Performance Management, 22(5/6), 284–300. https://doi.org/10.1108/TPM-10-2015-0042

Kirkman, B. L., Rosen, B., Tesluk, P. E., & Gibson, C. B. (2004). The impact of team empowerment on virtual team perform-

ance: The moderating role of face-to-face interaction. Academy of Management Journal, 47(2), 175–192. https://doi.

org/10.2307/20159571

Kreamer, L., Stock, G., & Rogelberg, S. (2021). Optimizing virtual team meetings: Attendee and leader perspectives.

American Journal of Health Promotion, 35(5), 744–747. https://doi.org/10.1177/08901171211007955e

20 J. MIHAJLOVIĆ-MILIĆEVIĆ ET AL.

https://doi.org/10.1109/JIOT.2014.2337336
https://doi.org/10.1002/047168659X.fmatter
https://doi.org/10.1002/047168659X.fmatter
https://doi.org/10.1080/10494820.2018.1448286
https://doi.org/10.3390/su12176917
https://doi.org/10.1007/978-3-319-50337-0_9
https://doi.org/10.1109/MS.2016.68
https://doi.org/10.1109/MS.2016.68
https://doi.org/10.1111/j.1467-8535.2010.01142.x
https://doi.org/10.1111/j.1467-8535.2010.01142.x
https://doi.org/10.4018/jgim.2005040102
https://doi.org/10.1016/j.eswa.2011.02.060
https://doi.org/10.1109/EDUCON.2018.8363366
https://doi.org/10.5121/csit.2017.70704
https://doi.org/10.1007/978-3-030-56441-4_60
https://doi.org/10.22059/jitm.2019.73269
https://doi.org/10.1002/9781118955567.wbieoc215
https://doi.org/10.1177/0149206314559946
https://doi.org/10.1177/0149206314559946
https://doi.org/10.5465/AMBPP.2014.12990abstract
https://doi.org/10.5465/AMBPP.2014.12990abstract
http://www.bth.se
https://medium.com/taptuit/the-eight-phases-of-a-devops-pipeline-fda53ec9bba
https://medium.com/taptuit/the-eight-phases-of-a-devops-pipeline-fda53ec9bba
https://doi.org/10.5465/ame.1999.2210323
https://doi.org/10.5465/ame.1999.2210323
https://doi.org/10.1108/TPM-10-2015-0042
https://doi.org/10.2307/20159571
https://doi.org/10.2307/20159571
https://doi.org/10.1177/08901171211007955e


Kumar, S., Gankotiya, A. K., & Dutta, K. (2011). A comparative study of moodle with other e-learning systems. 2011 3rd

International Conference on Electronics Computer Technology, 5, 414–418. https://doi.org/10.1109/ICECTECH.2011.

5942032

Lazarević, S. (2012). Uloga radnih timova u razvoju organizacije koja uči. Univerzitet u Beogradu, Fakultet organizacionih

nauka.

Lee Baker, A. (2018). Communication and trust in virtual and face-to-face teams scholarly commons citation. https://

commons.erau.edu/edt/409

Long, S., Carlo, H., Fraser, J., Gosavi, A., & Grasman, S. (2010, June 20–23). Building communication skills in supply chain

management and facility logistics curriculum through multi-institutional virtual teaming. ASEE annual conference and

exposition, conference proceedings.

Maroukian, K., & Gulliver, S. R. (2020). Leading DevOps practice and principle adoption, 41–56. https://doi.org/10.5121/csit.

2020.100504

Mihajlović-Milićević, J., Filipović, F., Jezdović, I., Naumović, T., & Radenković, M. (2019). Scrum agile framework in e-

business project management: An approach to teaching scrum. European Project Management Journal, 9(1), 52–

60. https://doi.org/10.18485/epmj.2019.9.1.7

Mihajlović-Milićević, J., & Mitrović, S. (2021). A model for agile management of virtual teams for developing smart

environments. E-Business Technologies Conference Proceedings, 1(1 SE-Knowledge management, research scientific

issues), 201–205. https://ebt.rs/journals/index.php/conf-proc/article/view/88

Milovančević, D., Mišić, M., & Protić, J. (2019). Poređenje karakteristika kolaboracije u nastavi i nauci u oblasti računarstva

na Elektrotehničkom fakultetu Univerziteta u Beogradu. 1–4.

Moe, N. B., Cruzes, D. S., Dyba, T., & Engebretsen, E. (2015). Coaching a global agile virtual team. Proceedings – 2015 IEEE

10th International Conference on Global Software Engineering, ICGSE 2015, 33–37. https://doi.org/10.1109/ICGSE.2015.

26

Moodle. (n.d.). About moodle. Retrieved August 23, 2020, from https://docs.moodle.org/39/en/About_Moodle

Morrison-Smith, S., & Ruiz, J. (2020). Challenges and barriers in virtual teams: A literature review. In SN applied sciences

(Vol. 2(6)). Springer International Publishing. https://doi.org/10.1007/s42452-020-2801-5

Orlikowski, W. J. (2016). Knowing in practice: Enacting a collective capability in distributed organizing linked references

are available on JSTOR for this article: Knowing in practice: Enacting a collective capability in distributed organizing.

Organization Science, 13(3), 249–273. https://doi.org/10.1287/orsc.13.3.249.2776

Paul, R., Drake, J. R., & Liang, H. (2016). Global virtual team performance: The effect of coordination effectiveness, trust,

and team cohesion. IEEE Transactions on Professional Communication, 59(3), 186–202. https://doi.org/10.1109/TPC.

2016.2583319

Pinar, T., Zehir, C., Kitapçi, H., & Tanriverdi, H. (2014). The relationships between leadership behaviors team learning and

performance among the virtual teams. International Business Research, 7(5), 68–79. https://doi.org/10.5539/ibr.

v7n5p68

Radenković, B., Despotović-Zrakić, M., Bogdanović, Z., Barać, D., Labus, A., & Bojović, Ž. (2017). Internet inteligentnih

uređaja. Fakultet organizacionih nauka.

Rober, L. P. (2020). Behavior‒output control theory, trust and social loafing in virtual teams.Multimodal Technologies and

Interaction, 4(3), 1–22. https://doi.org/10.3390/mti4030039

Royle, K., & Nikolic, J. (2016).What we can learn from agile work practices about learning and teaching in schools. https://

doi.org/10.13140/RG.2.1.3501.0161

Scaled Agile Inc. (2019a). Achieving business agility with SAFe® 5.0.

Scaled Agile Inc. (2019b). DevOps. https://www.scaledagileframework.com/devops/

Scaled Agile Inc. (2019c). SAFe® for lean enterprises 5.0. https://www.scaledagileframework.com/safe-for-lean-

enterprises/

Scaled Agile Inc. (2019d). Team and technical agility. https://www.scaledagileframework.com/team-and-technical-

agility/

Selwyn, N. (2007). The use of computer technology in university teaching and learning: A critical perspective. Journal of

Computer Assisted Learning, 23(2), 83–94. https://doi.org/10.1111/j.1365-2729.2006.00204.x

Solomon, C. (2016). Trends in global virtual teams. RW3 CultureWizard, 49. http://cdn.culturewizard.com/PDF/Trends_

in_VT_Report_4-17-2016.pdf%0Ahttps://www.rw-3.com/blog/trends-in-global-virtual-teams

Sridhar, V., & Paul, R. (2006). Analyzing factors that affect performance of global virtual teams. East, 2001, 159–170.

Wind River Systems. (2016). DevOps in the internet of things six reasons it matters and how to get there.

Yemane, T., MihajlovićMilićević, J., & Radenković, M. (2021). European project management journal, volume 11, issue 1,

December 2021. European Project Management Journal, 11(1), 3–12. https://doi.org/10.18485/epmj.2021.11.2.1

Yilirim, G. Y., Yilirim, S., & Yildirim, Z. (2009). Main barriers and possbile of ICT integration into pre-service teacher edu-

cation porgrams. Educational Technology & Society, 12(1), 193–204.

INTERACTIVE LEARNING ENVIRONMENTS 21

https://doi.org/10.1109/ICECTECH.2011.5942032
https://doi.org/10.1109/ICECTECH.2011.5942032
https://commons.erau.edu/edt/409
https://commons.erau.edu/edt/409
https://doi.org/10.5121/csit.2020.100504
https://doi.org/10.5121/csit.2020.100504
https://doi.org/10.18485/epmj.2019.9.1.7
https://ebt.rs/journals/index.php/conf-proc/article/view/88
https://doi.org/10.1109/ICGSE.2015.26
https://doi.org/10.1109/ICGSE.2015.26
https://docs.moodle.org/39/en/About_Moodle
https://doi.org/10.1007/s42452-020-2801-5
https://doi.org/10.1287/orsc.13.3.249.2776
https://doi.org/10.1109/TPC.2016.2583319
https://doi.org/10.1109/TPC.2016.2583319
https://doi.org/10.5539/ibr.v7n5p68
https://doi.org/10.5539/ibr.v7n5p68
https://doi.org/10.3390/mti4030039
https://doi.org/10.13140/RG.2.1.3501.0161
https://doi.org/10.13140/RG.2.1.3501.0161
https://www.scaledagileframework.com/devops/
https://www.scaledagileframework.com/safe-for-lean-enterprises/
https://www.scaledagileframework.com/safe-for-lean-enterprises/
https://www.scaledagileframework.com/team-and-technical-agility/
https://www.scaledagileframework.com/team-and-technical-agility/
https://doi.org/10.1111/j.1365-2729.2006.00204.x
http://cdn.culturewizard.com/PDF/Trends_in_VT_Report_4-17-2016.pdf%0Ahttps://www.rw-3.com/blog/trends-in-global-virtual-teams
http://cdn.culturewizard.com/PDF/Trends_in_VT_Report_4-17-2016.pdf%0Ahttps://www.rw-3.com/blog/trends-in-global-virtual-teams
https://doi.org/10.18485/epmj.2021.11.2.1

	Abstract
	1. Introduction
	2. Literature review
	2.1. Smart environment
	2.2. Virtual teams
	2.3. Organization and management of virtual teams
	2.3.1. Scaled agile framework (SAFe)
	2.3.2. Devops

	2.4. Virtual teams in education

	3. Models, methods, and materials
	3.1. Infrastructure model
	3.2. Implementation
	3.2.1. Research context
	3.2.2. Procedure


	4. Evaluation
	4.1. Research questions
	4.2. Instruments
	4.2.1. Questionnaire
	4.2.2. Social network analysis


	5. Results
	5.1. Students’ attitudes towards the proposed approach
	5.2. Organization of structure, work, and communication within virtual student teams
	5.3. Analysis of knowledge exchange in virtual student teams

	6. Discussion and conclusion
	Disclosure statement
	Notes on contributors
	ORCID
	References

