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Abstract—In consideration of future employment domains,
engineering students should be prepared to meet the de-
mands of society 4.0 and Industry 4.0 — resulting from a
fourth industrial revolution. Based on the technological
concept of cyber-physical systems and the Internet of
Things, it facilitates — among others - the vision of the smart
factory. The vision of “Industry 4.0” is characterized by
highly individualized and at the same time cross-linked
production processes. Physical reality and virtuality increas-
ingly melt together and international teams collaborate
across the globe within immersive virtual environments. In
this context, a large market arises in the field virtual train-
ings, which means that professional trainers need to explore
the potential of new learning settings. In the context of the
development from purely document based management
systems to complex virtual learning environments (VLEs), a
shift towards more interactive and collaborative compo-
nents within higher educational e-learning can be noticed,
but is still far from being called the state of the art. As a
result, engineering education is faced with a large potential
field of research, which ranges from the technical develop-
ment and didactical conception of new VLEs to the investi-
gation of students’ acceptance or the proof of concept of the
VLEs in terms of learning efficiency. This paper presents
three corresponding qualitative studies: In a series of focus
groups, it was investigated which kinds of VLEs students
prefer in a higher education context. Building upon the
results of the focus groups, a collaborative VLE was created
within the open world game Minecraft. In two different
studies this VLE was tested, first by students and then by
professional trainers. First screenings of the video material
of the studies indicate a connection between communica-
tional behavior and successful collaborative problem solving
in virtual environments. The majority of the trainers who
participated in the second study ascribe the new technologi-
cal possibilities great potential and would consider using it
within their own trainings.

Index Terms—Engineering Education, Professional Train-
ing, Virtual Collaboration, Virtual Learning Environments

I.  INTRODUCTION: TODAY’S LEARNING, WORKING
AND TRAINING IN PREPARATION FOR INDUSTRY 4.0

Todays’ portfolio of e-learning solutions is as diverse as
never before. Different kinds of media services, software
for teaching and learning as well as innovative hardware
solutions not only become a bigger part in higher educa-
tion, professional training and the workplace in general
but increasingly adapt to the massive changes our working
world is going through. A common and frequently cited
example is the use of learning management software,
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based amongst others on the open-source management
system Moodle [1]. Today, Moodle counts 53.738 regis-
tered installations with 68.7 million users of 226 countries
in 7.7 million courses [2]. Platforms like Moodle have
different functions, which can also be viewed as e-
learning solutions themselves: With chats, forums or mes-
senger systems, students or workers can communicate in
synchronous or in asynchronous ways. Accomplished tests
are rated automatically, which makes the frequent testing
also suitable for large groups. Furthermore with the possi-
bility to be tested frequently, the students get instant feed-
back about their current state of knowledge and their de-
velopment. Hence, digitally supported learning brings
direct individual advantages in terms of self-awareness of
the content of the lecture.

The digitalization of education also means that learning
becomes more collaborative [3]. The key word “user gen-
erated content” describes the fact that in times of web 2.0,
content rarely is produced by just one single provider of
content, but is generated by several users instead. Trans-
ferred to the context of higher education, the students’ role
changes. Whereas back in the days, when the teacher was
more or less the only source who provided information,
today students can get basically any information they want
from the internet, but can also contribute actively within
forums, wikis or blogs. The potential is there to switch the
students’ role from rather passive users of information to
creators of knowledge in networked structures — with all
accompanying advantages and disadvantages. With the
goal in mind not only to boost the students’ knowledge
and to support them to strengthen their personality over
the years, but also to develop crucial competences for the
working world they are about to step in various types of
collaboration that have to be trained and tested in learning
scenarios. However, not every new approach that is tech-
nically feasible improves users' learning outcomes. The
danger of designing expensive VLEs without having a
positive effect on the development of users’ skills and
capacities is obvious. Hence, in order to make a valid
contribution to the application of virtual learning, espe-
cially in terms of collaboration, it is important to consider
both, the users or rather students and the trainers perspec-
tive.

The difference between cooperative and collaborative
learning can thereby be explained as follows: In coopera-
tive learning scenarios, each group member is given a sub-
task e.g. reading and interpreting different parts of scien-
tific literature, technical reports etc. The individually pro-
duced results, e.g. a presentation, are simply being added
up. Therefore, the main result mostly doesn’t represent the
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state of knowledge of each individual group member. It is
more a question of how to divide the work in an efficient,
but not necessarily in an effective way.

Collaboration instead focuses on the creation of a new
knowledge baseline, which is built through interlinked and
co-referenced work during the learning process [4]. Espe-
cially in engineering, collaborative learning in virtual
environments is highly important in the context of a dy-
namic and digitalized working world. This can be realized
e.g. by analyzing a defective machine, coming up with a
logistics concept for a virtual factory or designing a virtual
car. The last example points out the importance for engi-
neers to link their own specific technical expertise with
expertise of other domains. Working in interdisciplinary
teams situated all over the world is standard practice. The
increasing digitalization of economy and society links
knowledge over borders of time, space and systems. In
times of Industry 4.0, physical reality melts with virtuality
[5]. For almost decades now, e.g. finite element models,
data models, analytical models or CAD-models of ma-
chine elements have been produced with software. The
data is used, provided and linked within socio-technical
working systems via clouds, ubiquitous computing, prod-
uct-lifecycle management and product data management.
Thus, in engineering, human work processes are increas-
ingly being transferred to virtual spaces of an internation-
ally networked world. An outset that have a great potential
for trainers and other suppliers, who providing a service
that can be offered online and not at least for the users.
Lifelong learning gets more important in consideration of
future employment but also individual’s self- driven will-
ingness to learn and develop increases over the last dec-
ades. The possibility to continuing professional develop-
ment and learning on the job becomes more valued than
ever and ranks as one of the principals characteristics of
successful universities and (future) organizations [6].

1L COLLABORATIVE LEARNING IN VIRTUAL
ENVIRONMENTS

In higher engineering education computer-supported
cooperative and collaborative learning (CSCL) have long
been established as methods which support self-driven and
work-related learning processes. By further technical
development as well as new requirements of the changing
working world such common methods can be lifted to a
new level. Virtual learning platforms like moodle can
systematically be linked to wvirtual or teleoperative
laboratories. In higher education, every student gets the
opportunity to experiment with physically real equipment
without the necessity to be physically present at the
location of the machine [7]. With special booking
systems, expensive equipment for teaching and training
processes can be used more efficiently, since students
from different time zones (e.g. USA and Germany) can
log in at different schedules. Thus, it is possible to
introduce students to learning settings, which would
otherwise be too dangerous (e.g. a nuclear power plant),
too hard to access (e.g. the surface of Mars) or too big a
risk for ongoing production (e.g. in a factory) [8] .

Moreover, in massive open online courses (MOOCs),
each student can learn at his or her own speed. Many
workers also use this format for their personal further
education, e.g. to stay up to date in their field of
knowledge or to gain new skills. Serious games offer
thepossibilities to learn in a playful manner, in single-

1iJAC — Volume 8, Issue 4, 2015

player or in multi-player mode. Innovative virtual
knowledgespaces therefore offer all kinds of possibilities
for learning and working in times of Industry 4.0. But new
techologies not only focus on learning and academic
development of users, also psychological assistance and
trainings are offered within virtual enviroments. An ex-
ample for today’s possibilities is given by TriCAT, an
organization that offers virtual enviroments for e.g. online
coaching (Figure 1). This way of systemic coaching ena-
bles the user getting an individual real-time on-demand
coaching from a professional trainer, while saving time
and travel costs. The difference from real coaching is
solely that trainer and trainee do not interact through their
natural body but arise represented through avatars that can
be moved freely through different coaching-rooms and are
thus able to interact and collaborate like humans in natural
environments.

Die 3D-Figuren sind skalierbar und kénnen farblich verandert werden.
AuBerdem lassen sie sich um die eigene Achse drehen.
VT S

Figure 1. Screenshot of 3D online coaching within the VLE with the aid
of avartars

Prensently, the demand for such flexible solutions is of
rising interest for universities and working organisations
[9]. But still: In order to use the new technologies for
learning and education in a proper way, deeper insights in
reception, cognition and communication in virtual
environments are necessary. Simply providing the
technical infrastructure doesn’t automatically guarantee
successful collaboration. Therefore, the analysis of key
factors for successful collaboration in  virtual
environments is an important field of research in the
context of the working world of the future. Linking the
different fields of this research is a core point for its
success.Thus looking for instance at the current media use
of students can help to predict the steps that still need to
be done, if one day collaboration in virtual learning
environments is supposed to prepare for Industry 4.0 on a
large scale. But are today’s students ready for innovative
teaching methods? Current studies of digital media usage
show a rather passive usership. The majority of students
hardly uses media services which require an increased
work load by generating content (e.g. wikis or blogs), as a
long-term study on media use of students shows [10]. A
study with german engineering students (n = 1587)
focused on the frequency of usage of different kinds of
media services. The results show that interactive and
collaborative media services are not used very often by the
majority of the sample. This conclusion also counts for
blogs or tools for collaborative text production such as
wikis. In other words: Absorbing content is still more
popular than generating it [11].
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But the same study reveals another important aspect.
Although not many students have been in contact with
innovative teaching formats such as serious games or
virtual courses in real-time; those who have experience
with such formats are highly satisfied with it. These
results are of high relevance for the development of virtual
collaboration spaces, but also for companies who wish to
use them. Developers need to know which the crucial
features of a virtual environment are that really solve
students” problems and are not just “nice to have”.
Moreover, universities or companies who invest in virtual
learning environments aim for some kind of return on
invest, which is not likely to come if the VLE isn’t used.
However, there is still little evidence on the motifs of
students and employees for using, or better for not using
media services which require active participation.
Although today’s students all grew up in a digital society,
user profiles are highly diverse. But for a successful im-
plementation of virtual learning it is essential to know
how age effects, the attitude to and the behavior within
VLEs influence users’ learning. Hence, providers of
virtual collaboration spaces such as universities or
companies need deeper insights in actual user preferences
of specific target groups. Which level of graphical
precision is required to understand complex processes,
which level of gamification is preferred or which kinds of
narrative scenarios would motivate this user group to deal
with the content longer or more often still needs to be
answered for the two potential mainareas of application;
the student and the working world. Therefore, in order to
investigate the described quantitative research in the field
of collaboration in virtual environments, a qualitative
research design was chosen, which assessed the
perspective of potential users as well as providers. These
investigations will be explained in more detail in the
following chapter.

Experimental Setting For The Analysis Of Collabora-
tion In Virtual Environments

A. Lead User Workshops with future Engineers

Since today’s students are going to be working within
Industry 4.0 contexts it is important to integrate them in
the research process on VLEs which are supposed to pre-
pare for the corresponding requirements. The approach of
user-centered design is well known in the field of software
development, but also under the label of open innovation
in the case of new product development [12]. Within idea
competitions or lead user workshops, the approach has
also proven to be helpful in the development of new
teaching methods or new formats of virtual learning in
context of the Bologna Process [13]. As representatives of
future user groups of such innovative learning and work-
ing spaces, students are questioned within focus groups.
Two workshops with 23 students from Germany and one
workshop with 13 participants of a European study pro-
gram were conducted.

The two major aims of the workshop series were to col-
lect the students’ requirements but also their retentions on
VLEs. The students were asked the following questions:

* Which scenarios would you like to experience within
VLEs?

* Which didactical method would you prefer, e.g.
game based learning, free exploration etc.?
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Figure 2. Lead user workshops with students on the topic of virtual
learning environments

The students first had to work on the questions in small
teams and then presented the results to the whole group.
Each idea had to be written down on a prompt card. For a
deeper insight into the workshop results, the cards were
analyzed with qualitative analysis [14]. The contributions
to the two questions were therefore clustered into topics.
Afterwards, the quantity of contributions in each category
was counted. The topics with the most contributions were
considered the ones of greatest interest or greatest concern
of the students.

The results of the analysis show that students equally
prefer realistic (e.g. factory simulations) and fictional
scenarios (e.g. traveling through a factory from the prod-
uct’s perspective). In case of fictional scenarios, the main
principle is to exceed the limits of time, space and physics.
The students like to be immersed by the virtual environ-
ment and to interact with it intuitively and naturally. The
possibility to get instant feedback is valued very positive
by the students. To combine learning with playing in
terms of game based learning is welcomed by the stu-
dents, but not necessary to enjoy the learning process
within the VLE or to consider the VLE useful. The stu-
dents had no major retentions to VLEs in general, but a
few contributions referred to the concern that too many
unnecessary features of the VLE could distract from the
actual task and the content that should be learned or prac-
ticed.

Although surely not being the main contribution to
learning success of students, the insights in students’ pref-
erences on VLEs delivered important information for the
didactical design of future learning environments.

B.  Work in Progress: Study on collaboration in virtual
environments: The perspective of students’

In line with the preference of students to be immersed
in a VLE, a previous experimental study showed that
students who used natural user interfaces for interacting
with the virtual environment in individual learning scenar-
ios experienced more immersion than students who solved
the task on a laptop. Immersion generally referred to as
“diving into the virtual environment” had been operation-
alized with the constructs of spatial presence and flow. An
interaction of experienced flow and errors in task perfor-
mance revealed the complexity of working in virtual envi-
ronments: Being immersed by the environment unfortu-
nately can also mean that one is absorbed more by the
exploration of the environment than by solving the given
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task [15]. This finding stands in conflict with the user
preferences found in the lead student workshops.

However, the nature of collaboration might help to
compensate this problem. Since more people are involved
in solving a given problem, more attention can be spent on
problem-related details. Moreover, as mentioned in the
introduction, the prediction of the working world of the
future under the label of Industry 4.0 specifically empha-
sizes the importance of controlling complex, geograph-
ically distributed industrial processes [16]. Collaborating
in teams with diverse professional and cultural back-
grounds is an important precondition for the success of
such processes.

To understand the complex interactions of different
human factors in situations of virtual collaboration, a
current experimental study focuses on preconditions for
successful collaborative problem solving in virtual envi-
ronments. This study assesses the relationship between
personal characteristics, objective hardware characteris-
tics, subjective experiences, objective collaboration be-
havior and task performance. Their expected relationship
is visualized in Figure 3.

Personal Subjective
Characteristics Experience
Objective

Collaboration
Behaviour

Task Performance

Objective Hardware
Characteristics

Figure 3. Expected relationship between personal characteristics, hard-
ware characteristics, subjective experiences, objective collaboration
behaviour and task performance

The virtual environment is based on the results of the
lead user workshops. Therefore the VLE had to be immer-
sive, interactive, give instant feedback on the task perfor-
mance and have elements of gamification in it. Since in
the context of higher education personal and financial
resources are mostly small for the development of virtual
learning environments, the open-world game Minecraft
was chosen as the setting for the learning environment.
Minecraft has already been used for teaching and learning
settings in the USA and the UK [17] and provides many
features which are crucial for virtual collaboration:

*  Quick construction of simple learning settings
without any programming skills,

*  Possibility to build more complex technical
environments with the use of blue prints,
available mostly for free within the Minecraft
community [16],

* Simple and easy to learn modes of interaction
without sophisticated gaming skills,

*  Possibility to move around freely and to explore
the scenario as a user actively.

To link the study to an industry 4.0 scenario, pairs of
students are given a task with an engineering background.
All participants have to solve the same problem in the
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same virtual environment, which is to restore electricity in
a virtual building. From no perspective within the VLE
the whole electrical setting can be viewed completely,
which leads to the necessity for the students to actively
communicate with each other. The students only know the
target state, but not the steps how to get there. The task of
restoring electricity within the building can be divided into
the following sub-tasks, which have to be encountered by
the students without further instructions:

*  Getoverview of the complete electrical setting of
the building,

*  Find out, at which spots the electrical circuit is
broken,

* Remember the necessary steps to repair the
electrical circuit,

*  Find the spot within the building from where the
success of the problem solving can be controlled.

The process of the collaborative problem solving has to
be organized by the students themselves. Before they start
as a pair, each student has to run through a tutorial indi-
vidually. A screenshot of the virtual environment is pic-
tured in Figure 4. To analyze the possible interaction of
immersion and task performance, the effect of natural user
interfaces is integrated in the research design. The re-
search plan consists of two groups. In both groups, the
students work on laptops. Both groups use a simplified
keyboard, where all keys except the arrows have been
removed. With the arrow keys, the participants control
horizontal movement. With a mouse, participants in both
groups interact with the VLE. By clicking on the keys of
the mouse, they can select different kinds of tools or re-
sources they need to solve the problem. The experimental
group fulfills the collaborative task wearing a head
mounted display (Oculus Rift, DK 2). The field of view is
thereby controlled by natural head movement. The con-
trol group controls the field of view by twisting the
mouse.

Figure 4. Screenshot of the VLE, implemented in Minecraft

Subjective experiences focus on immersion, operation-
alized with the constructs of spatial presence and flow. In
this study, spatial presence is measured with elements of
the MEC Spatial Presence Questionnaire of Vorderer et al.
[19]. Flow as the mental state of operation in which a
person performing an activity is fully immersed in a feel-
ing of energized focus, full involvement, and enjoyment in
the process of the activity, is measured with the shortscale
of Rheinberg. According to this instrument, in essence,
flow is characterized by complete absorption in what one
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does, as well as the feeling of smooth and automatic run-
ning of all task-relevant thoughts [20].

Additionally to the questionnaire, the participants of the
study are being interviewed about their experiences. With-
in the interviews, the experiences are linked with personal
characteristics of the participants, e.g. their gaming expe-
rience. The subjects are also asked about the experienced
quality of the collaboration itself, more precisely their
strategies of problem solving, communication and task
management. Since diffusion of responsibility within
teams has proven to be an inhibiting factor for the success
of group work [21] this aspect is also part of the interview.
Video camera, screen casts and spatial tracking systems
are capturing the behavior of the users. The task perfor-
mance is measured in time needed for solving the prob-
lem.

A total of 8 students between 24 and 34 years (M = 26;
SD = 3.28; n = 5 female) volunteered to take part in the
pre-study. First screenings of the video material and the
screen casts indicate a connection of problem-related
speech-acts and task performance. Students, who explicit-
ly verbalize what they do and what they think the other
one should do, get quickly to the point when they identify
the necessary sub-tasks. For some students, especially
those using the oculus rift, the tendency to “chit-chat”
about the virtual environment from a meta-perspective and
about its immersive effects was noted. For the analysis of
the interviews it will be necessary to link this fact to the
corresponding task performance. On the one hand, a
strong interest in such “meta-information” can mean a
positive effect regarding motivational aspects, but on the
other hand it can mean some sort of distraction from the
actual problem-solving task, as it was indicated in previ-
ous studies on learning in virtual environments [15].

Comparing subjective experiences of the quality of col-
laboration with the actual task performance of the subjects
will be another important aspect of the data analysis.
However, corresponding conclusions will always have
their limitations, since one of the greatest advantages of
virtual learning environments is that people can use them
at their own preferred speed.

C. Work in Progress: Study on collaboration and
learning in virtual environments: The perspective of
professional trainers’

With the advent of Industry 4.0 and due to the increas-
ing globalization, new forms of learning, and collabora-
tion become more important than ever. In fact, current
developments regarding mixed reality devices and hence
new possibilities to approach (lifelong) learning are quite
progressive and of rising interest for universities, em-
ployers and private users. In the last sections the students’
perspective about learning and collaboration in VLEs
received attention. But for ensuring sustainable learning
results it is also important to involve those people who
provide and develop professional skills and competence
and furthermore cover another age group Based on the
structure of the previous described study, this research
was investigating the trainers’ perspective on mixed-
reality learning. A total of ten trainers aged between 24
and 60 years (M = 40,7; SD = 13,2; n = 2 female) from
different areas in Germany took part in this study. Upon
arrival every participants signed the informed consent and
was instructed about the experiment and its design. During
the experiment participants’ spatial behavior within Mine-
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craft, their answers to questionnaires and from the video
analysis, recorded with a screen capture tool were as-
sessed. Additionally to these data, the subsequent inter-
view with the participants gave complementarily insight.
To link the results to the study done before and the re-
quirements of Industry 4.0, the participants got a task with
an engineering background (see section B). All partici-
pants had to solve the same problem in the same virtual
environment by wearing a head mounted display (Oculus
Rift, DK 2).

The experiment requested communication and collabo-
ration between the trainer and the other person, but in
another manner than the previous study did. To get insight
into the teachers’ perspective of learning in this kind of
VLE every participant pursued two roles during the exper-
iment: first the trainee and then the trainer role.

In the first part of the experiment (the trainee-part), the
participant was instructed by the research director to re-
store the electricity in a virtual building. The task per se is
stated in section B in more detail. In the second part, a
similar problem was stated, but this time the participant
had to teach another person who did not know how to
solve the stated problem. So the participant had to instruct
the other person about how to handle the simplified key-
board and the mouse, make the student comfortable with
the VLE and explain the problem without anticipating the
problem solving process. During the experiment both
screens (participants and scientific staff) were recorded for
assessing their behavior in the virtual world.

Figure 5. Screenshot of the VLE, implemented in Minecraft, left side:
trainers view, right side: trainees view

The screening of the gathered video data indicates that
the online gaming experience and the age of participants
were shown to have impact on participants’ spatial coor-
dination in the virtual world at least in the beginning.
Older participants and those who had no gaming experi-
ence showed slight difficulties with the hand-cursor-
coordination. But these initial difficulties diminished after
around the first minute. All participants listened carefully
to the instruction they got as trainee and mastered their
role as trainer, where they had to transfer the things they
just learned and explain a similar problem to another par-
ticipant. It was shown that participants who documented
their course of action out loud as trainee and gave clear
instructions as trainer performed quite more efficient.
After their participation, the subjects were asked to anon-
ymously evaluate their previous learning experience in the
VLE and answer quantitative questions regarding the
experience of the new technology they just had. The par-
ticipants’ overall conclusion was very positive: It looks
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like the barriers for the affected teachers are between
nonexistent and low regarding utilization of virtual worlds
for teaching, whereas the benefit of VLE was considered
as huge. The additional expert interview gave more insight
into the data and the trainer’s view.

The training was rated as very adaptive and the partici-
pants’ pronounced the feeling of immersion into the virtu-
al world. The trainers’ particularly mentioned the possibil-
ity to represent and adapt specific learning content and
their feeling of deep and conscious learning as well as the
fast familiarization with the virtual world and navigation
within it.

As possible fields of application the trainer called
among other things fields like emergency services, school-
ing of security staff and training of techniques which are
too hazardous for training in field as well as normal kinds
of everyday school for education and development. As a
particular advantage of learning in virtual worlds, the
resource efficiency and flexibility as well as the targeting
of many senses at one and the consequential deep learning
were emphasized. To the question of potential difficulties
with virtual worlds for trainees and trainers, initial prob-
lems with the usage and the acceptance of technology
were mentioned. But the benefits exceeded the possible
adverse effects many times over. When asked about fur-
ther suggestions, the trainers emphasized the importance
of VLE for learning, economy and companies as well as
the interlocking of economy and research within this field.

III.  CONCLUSION

The qualitative research on collaboration in virtual en-
vironments gives deeper insights into the relationship of
personal preferences for VLEs, subjective experiences
within them and actual task performance. To focus on
virtual collaboration delivers important research results for
universities and companies who wish to use virtual envi-
ronments in the future with the vision of Industry 4.0 in
mind. The preliminary results of the video analysis of the
pre-study with students indicate the importance of com-
munication within virtual environments. If performance
within VLEs is to be enhanced even from today’s point of
view, to train staff in virtual communication skills would
be a promising point to start.

The approach of user-centered design thereby helped to
get deeper insights into specific design preferences of
VLEs from a user group, who grew up in a digitalized
society. However, the preferences can also be due to age
instead of cohort.

The third work in progress part allows, next to students’
perspective, first insight into the perspective of profes-
sional trainers. Again importance of communication with-
in virtual environments’ was indicated. Next to this find-
ing gaming experience and the age of participants were
shown to affect participants’ spatial coordination in the
VLE, but difficulties were reduced by more thorough
introduction phases. Initial results of trainers’ evaluation
of learning and collaboration within VLEs as well as their
answers to the interview are auspicious-and emphasize the
potential of this field of research. Especially in the light of
demographic change and aging populations in Europe, it
will be crucial to continue the kind of studies that have
been presented in this paper. For the effective virtual col-
laboration within diverse teams, another research area
covers collaboration of pairs with different skill levels: of
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novices and experts, of young and old co-workers or of
IT-close vs. IT-distant people. Who can work best with
whom, and in what kind of virtual environment will be an
important aspect for effective human resources planning
in companies.

Should research one day prove actual financial benefits
of virtual collaboration, e.g. by reducing travel costs, this
way of working will soon become established. Companies
who know how to collaborate in virtual environments
efficiently will have a strong competitive advantage com-
pared to those who don’t. Continuing this kind of research
therefore is an important contribution towards a global-
ized, connected and digitalized working world in terms of
industry 4.0.
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