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policy, privacy concerning the student use of an app for learning purposes and institutional 
ICT policies. These time-consuming elements led to the decision to drop the self-developed
app option and use an existing app with a restricted set of options. Clearly improving the 
possibilities to practice presentation skills requires an in depth understanding of the new 
technology to be able to reframe the course in the existing context.
 
What follows is a summary of findings which have been described extensively in the research study 
by Klaassen, et al (2018). The sequence of the VR-experiment was as follows: The VR-1 research 
focus was on the experiences of an A and B group of students and the teachers’ experiences. 
The analysis user data were collected, with survey outcomes and interviews to summarize the 
first experiences.
 
The ambition of VR-1 was to focus on maximum mobility, scalability and actual learning 
outcome. The application used was a virtual speech app, that allowed for “at home practice” 
with a smartphone and google cardboard and free body movement to emerge students more 
into the experience of being in front of a real-life audience and receiving feedback. It allows 
for a choice of multiple presentation settings, such as a classroom, a Ted talk and others. The 
app provides (objective) and immediate feedback on the following parameters: voice loudness, 
filler words like uh, speech-rate (time used per slide), eye-tracking (looking around across 
the room) and pauses. These facilities allowed students to individually drive their learning. 
Knowing that the effectiveness of virtual 3-dimensional interventions is a careful construction 
between task and immersion (chen, 2014), task and engagement (fan, 2017) and in general 
reflection upon learning of the students (lee, 2009). 
 
The findings show that the speech app did not provide sufficient support for learning to 
take place. The included reflection exercise on what might be done with the feedback, did 
not spark useful insights into presentation performance. This might be due to 1. the lack of 
technological access, causing students not to have any feedback at all, 2. A lack of relevant 
feedback in the system. 3. A lack of bridging the information gap between standards and 
system. Teachers pointed out that what is “good” varies in different contexts and therewith 
cannot be gauged by objective metrics from a system. 
 
One of the ambitions was to use the speech app for large groups. It would mean, however, 
that technological access, e.g. with devices that can handle a comfortable use of VR, requires 
equal access to gyroscopic phones, comfortable headsets with user friendly interfaces and 

Figure 3: Analysis of speech in VR-app
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interaction design, etc. Due to the problems occurring in the small setting, scaling up has not 
been addressed.
 
The relative negative to neutral experiences reported back with respect to feedback, reflection 
and performance were most likely severely affected by the technological state of the tools 
and results are therefore inconclusive. Based on the scientific literature we firmly believe that 
positive outcomes are around the corner. Yet the shaping of the instructional settings and 
using appropriate devices and feedback standards require revision and ongoing development.

VR-2: Virtual Tour
VR-2 focused on developing a virtual tour in a wastewater treatment plant. The teacher 
considered such a field trip essential for the understanding of the students, but was troubled 
by the fact that these field trips are time consuming, difficult to plan and review and can 
only be attended by a limited number of students. As the course is also provided online, an 
increasing number of online students may not have the opportunity to visit such a plant either. 
Virtual tours are known tools in the tourist industry, factories, museums, the gaming industry, 
etc. So, nothing new, but developing a sound educational product requires a sustainable design 
showing installations and processes in an integrated manner.
 
The challenge was how to develop a virtual tour that would fit the course design. It was decided 
to involve student assistants and students directly in developing the tour. They prepared a 
script framed by the initial course design and their experiences. They attended two intro
ductory workshops to become familiar with VR and were trained to produce the VR-product 
under the guidance of a VR expert. VR-2 is being produced and receives lots of attention and 
requests from other faculties, which are faced with similar challenges. Apparently, this effort 
evoked interest, as it is clear for what purpose the technology is being used.
 
The main question was whether a 360-degrees virtual tool proved to be an alternative for those 
students who cannot participate in a field trip. And possibly going beyond an alternative by 
adding value for learning and experiencing the actual site or multiple extra sites in a different 
way and in different modalities (individual 2D and 3D experiences).

Figure 4: 360-degrees tour of a wastewater treatment plant
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It is a familiar problem, a class of 200 students and only 20 of them can participate in a 
field trip. The others will have to do with photos or schematic visualisations to familiarize 
themselves with procedures and plant processes. This is not an ideal situation for deeper 
learning. A 360-degrees virtual tool could prove to be an alternative for those students 
who cannot visit the actual plant. Such a tour has now been developed for bachelor students 
in Civil Engineering offering a 360-degrees virtual tour to a wastewater treatment plant. 
Prominent in the development are the design decisions to assure that the virtual tour provides 
the desired learning outcomes. A challenging task related to decisions on content, context, 
sequencing, on camera use, system software, headsets and storytelling. It shows to be a 
complex process since many design decisions have positive as well as negative effects. At the 
same time acceptance of the technology by the students is crucial.
 
An interdisciplinary approach is needed and demands good cooperation between the project 
partners: the faculty of Civil Engineering, TU Delft NewMedia Centre and the wastewater 
treatment plant in Amersfoort. The plant, combined with the expert knowledge on water 
treatment processes of professor Merle de Kreuk, contributed greatly to the thoroughness of 
the film. The impact of the design decisions on student comprehension needs to be further 
researched via design experiments with students. Extensive usability tests are now taking 
place to check elements such as technology acceptance with criteria as the length of the tour, 
the pacing, the risk of cognitive overload and possible discomfort in using VR headsets. This 
test should allow for further fine-tuning of the tour. Designing a 360-degrees tour is still a 
relatively unexplored field of study, but this pilot is expected to provide more insight into 
formulating proper design requirements for a clear decision-making process for future virtual 
tours that contribute to enhanced student learning.

Internet of Things in education
The second technology considered highly relevant for HEE is the Internet of Things (IoT). The 
IoT is a network of smart physical objects, which are interlinked into a functional aggregation 
in which the whole is more than the parts. IoT is inter-networking physical devices like 
vehicles, smart devices, buildings and other items, embedded with electronics, software, 
sensors, actuators, and network connectivity that enable these objects to collect and exchange 
data. IoT is used by the media for environmental monitoring, infrastructure management, 
manufacturing, energy management, medical and healthcare practice and other practices.

IoT envisions a situation in which the objects of everyday life will be equipped with micro
controllers, transceivers for digital communication, and suitable protocols that will make them 
able to communicate with one another and with the users, becoming an integral part of 
the internet (Alam et al., 2015; Atzori et al., 2010; Voas et al., 2017). The IoT concept, by 
enabling easy access and interaction with a wide variety of devices such as home appliances, 
surveillance cameras, monitoring sensors, actuators, displays, vehicles, will foster the develop
ment of a number of applications that make use of the potentially enormous amount and 
variety of data generated by such objects to provide new services to citizens, companies, 
and public administrations. This concept finds application in many different domains, such as 
industrial automation, medical aids, mobile healthcare, elderly assistance, intelligent energy 
management and smart grids, automotive, traffic management and other domains. A general 
architecture for IoT is a very complex task, mainly because of the extremely large variety of 
devices, link layer technologies, and services that may be involved in such a system, (Zanella 
et al., 2014).
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Internet of Things case study
This case study dealt with the design and implementation of educational experiments in an 
electric drives laboratory with Internet of Things technology. The objectives were to upgrade 
and re-engineer the existing laboratory equipment and to provide students with practical 
experience on up-to-date control of electric drives and improve their understanding of the 
theory learned.
Along with other smart automation systems, electric machines have entered the realm of IoT. 
The induction motor control system when connected with IoT is able to circumvent a wire-
bound sensor solution for drive over the web and enter the internet-connected world. A host 
of embedded sensors is required in order to generate big data for cloud-based monitoring of 
induction motors drives and controllers. 
 
The re-engineering of the existing educational laboratory included:

	 Device connectivity directly or indirectly via a gateway: electric motors, power electronics, 
microcontrollers, sensors, measurement instrumentation, internet.

	 Data analysis, processing, decision, control, visualisation and presentation, storage.

	 Devices to facilitate bidirectional communication with the back-end system to provide 
device registration and discovery, data collection and analysis, logic design and visualisations. 
The concept includes visualising output data in real-time, sending data to the monitoring 
system and data security.

 
The students operate the system in both modes: with local control and with IoT control.
Upgrading the educational laboratory equipment with IoT connected sensors, devices, and 
intelligent operations enables new educational opportunities for students, professors and 
curricula. It increases the benefits of the applied experience in the real physical on-site 
laboratory. From the professors’ point of view, as human capital, there is an important 
investment in research and development of new innovative educational modules, with real 
practical application of new technological systems, involving design, test, pilot study and 
validation.

The apparent task of IoT is to connect the unconnected systems. It can benefit and bring added-
value, after data analysis, to engineering and managerial decisions. A thing perspective brings 
unique insights about the relationships among objects and human practices, and ultimately 
presents new ways of framing and solving problems collaboratively with ‘things’, which have 
different skills and purposes than humans (Giacardi, 2016). The path from sensors to control 
and guide decision making processes involves microcomputer hardware and software, data 
acquisition, analysis and process, data quality and privacy and data management and builds an 
excellent knowledge of all involved fields of teaching, learning and apprenticeship.
 
For the educational laboratory, it is expected that IoT will result into a modernisation of the 
curriculum, plus improved operational efficiency and reliability. So far, the results in using 
this adapted laboratory show that there are multiple added values: new educational modules 
for existing curricula; well informed instructors in new technologies; better prepared and 
trained graduates and industries opening new jobs for better trained candidates in modern 
technologies. The initiative improved students’ experience, benefits organisations, which hired 
them.
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An important driver for the analysis of emerging technologies is their assumed benefit for 
education in relation to the ever-changing skills demand on the labour market. The increasing 
number of different technologies, the speed of development, the multitude of educational 
settings and the time it takes to research all this, makes it difficult to put a finger on these 
benefits. An increasing level of investment in educational technology will surely help in 
understanding the value for education. It is evident that the impact cannot be measured by 
the fact whether or not technology is being used, but by how well the technology is used to 
support teaching and learning. The main driver for this research in emerging technologies was 
to understand the value for education to support students, teacher and institutions and their 
relevance for teaching and learning.
 
The main conclusions of this explorative research are:

	 Due to the complexity, the diversity, the speed of development and the decline, education is 
challenged to develop an approach that can make these technologies work

	 For education to fully profit from the opportunities it is eminent to develop a pro-active, 
sustainable strategy as part of an inter-institutional approach to deal with these challenges 
from an educational perspective

An important aim in engineering education is to ensure that students not only learn to 
understand theories and models, and their relation to objects and events in the real world, 
but also to learn how to use and apply these models and theories in design and engineering 
innovation. Making the transfer from theory and models to practice is one of the most difficult 
issues for students and teachers. Using extended environments such as offered in 360-degree 
environments, IoT labs or other upcoming technologies, might offer that practice opportunity 
to realise the transfer that is needed.
 
Staff development seems to be the ultimate way to go, but in reality staff development in itself 
is often a slow follower of educational innovations and is not always capable of supplying the 
teacher with the support needed. Additionally, teachers with high workloads are often slow 
and reluctant to change a good riding chariot. As a consequence, there is a need to develop a 
way of working in which teachers are equipped to make small scale innovations which help to 
investigate, test, and assess the usability of a technology in their micro-environment. To make 
this happen, the institute will need to reconsider its innovation policies and develop a broader 
participatory design approach to better deal with these demands for innovation.
 
The industry is worried about the capability of education to make the technologies work that 
are expected to help bridge the skills gap for today’s students (Kiss, 2017; SEFI business panel 
discussion, 2018). As can be seen from the analysis of VR as a promising tool for learning 
innovation, there is no general consent yet about the value of 360-degree environments 
for education. It seems that the only way to find out what these technologies can do for 
education is to try it out and as such develop experience and knowledge to properly deal with 
the challenges and opportunities. HEE institutions need to become more proactive in shaping 
students’ knowledge and skills by means of digital technologies and use the mismatch of skills 
between supply and demand on the labour market as a source of inspiration.

CONCLUSION
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Reflections and recommendations

This explorative research presents the early findings of an ongoing research into the value and 
implications of emerging technologies for HEE. The scientific standard was not as tight as we 
would have liked it to be. Yet we feel it is a relevant starting point for further discussion about 
emerging technologies and how these will affect and change the demand for skills of our future 
workforce and the consequences for HEE.
 
The next question following from this research is: how to proceed? The urgency is evident and 
acknowledged by institutions and industries in varying degrees. What becomes clear is that 
education needs to develop a proactive role and show leadership to deal with the challenges and 
to enhance opportunities. HEE is bound to better illuminate her role and her competences in 
this digital timeframe. At this moment, new educational developments predominately take place 
outside the educational arena, initiated by commercial parties. HEE needs to claim ownership 
and show involvement when it comes to educational innovation and this means that digitisation 
must be on top of the list. This explorative research needs to be framed as part of this mission.
 

What to do next?
Clearly additional research would be very helpful to bring this endeavour a step further. 
As  suggested HEE needs to develop a pro-active assertiveness and therefore we suggest the 
following:
 
Develop actions to be taken on macro-, meso- and micro-level to increase the likelihood that 
the emerging technologies movement is being recognised as a participatory action in which all 
participants associate with the same thing and develop a mutual understanding of the value 
of such actions. 

Macro level

	 E-leadership
	 Develop a proactive attitude, that is supported by prominent e-leadership in 

educational technology. It is argued that more critical, selective, strategic e-leadership 
approaches are needed to the adoption and use of educational technology, progressed 
through research, development and training as the field matures (Jameson, 2013).

	 HEE needs to claim ownership and involvement and not rely on hobbyism or altruism 
as an excuse for incompetence in the development of educational technology. 

 
Meso level

	 Open research
	R esearch is considered instrumental to improve educational technology experience 

and effectiveness. With the emergence of technology in education another research 
dimension has arrived.

	 Open research is a way to cope with the complexity, diversity and the opportunity of 
large quantities of data, technologies and design instruments.  

	 This is not limited to sharing data and results but entails opening up the research 
process to third parties (experts, organisations and industry), including the design of 
experiments and analysis of data.
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	 This research approach is rooted in design-based research, which is a systematic 
but flexible methodology aimed at improving educational practices through iterative 
analysis, design, development, and implementation, based on collaboration among 
researchers and practitioners in real-world settings and leading to contextually-
sensitive design principles and theories (Wang et al, 2005). 

	 Open research can help in sharing experiences and therefore contribute to the use of 
emerging technologies in HEE. 

 

	 Technology acceptance model (Zhang, 2017)
	 The technology acceptance model (TAM) is a systems theory that models how users 

come to accept and use a technology. The model suggests that when users are 
introduced to a new technology, a number of factors influence their decision about 
how and when they will use it, notably:

	 Perceived usefulness: “the degree to which a person believes that using a particular 
system would enhance his or her job performance”.

	 Perceived ease-of-use: defined as “the degree to which a person believes that using a 
particular system would be free from effort”

	 The TAM theory has been continuously studied and expanded and as such could be 
helpful to lower the resistance often observed by the integration of educational 
technology. Other theories and tools can be looked at in support of the acceptance 
process.

 

Micro level

	 Emerging technologies HUB
	 The development of education technologies and certainly the influx of emerging 

technologies in education is increasing continuously, while educators are being asked 
to develop and teach courses with little or no prior training.

	 Teachers are confronted with questions about the format (classroom, online, blended), 
the design, learning activities, assignments, and assessment, that all work differently 
in a technology supported environment. Questions exist about tools, communication, 
interaction patterns.

	 How to keep up with new insights and developments, the emergence of useful 
technologies (Facebook, Twitter, Blogs, etc.) and the results of evaluation, educational 
data mining and learning analytics, emphasizes the demand for a strategy that entails 
ongoing staff development. 

	 Develop an Emerging Technologies HUB Staff Development Model that can cope with the 
rapidly changing teaching and learning contexts. The flexibility in the approach is 
key in the development of a model that can change incrementally, where active user 
involvement is imperative and testing is authentic and integrated  throughout the 
lifecycle. A collaborative and cooperative approach is key in this agile development 
strategy.
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