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Virtual Reality learning environments and technological mediation
in construction practice
Hans Voordijk and Farid Vahdatikhaki

Civil Engineering, University of Twente, Enschede, The Netherlands

ABSTRACT
Training based on Virtual Reality (VR) has reached a level of maturity that
renders it applicable in many industries. By moving through learner
interaction and representational fidelity, from navigable to interactable VR
learning environments, the relationships between trainees, VR technology,
and the world that trainees experience change. These relationships are
central to the theory of technological mediation. In this theory, the
central idea is that humans’ perceptions and interpretations of reality are
transformed when the latter are mediated by technology. Using this
theory, the objective of this study is to provide insights into the different
roles that mediation, in the relationship between trainees or users of this
technology and construction practice, may play in the new type of
context-realistic VR learning environments. To this end, the development
of a framework for generating an innovative VR tool for training operators
on construction sites was chosen as the subject of a case study. By
focusing on the development phases of this framework one is able to
scrutinise the underlying elements that shape the changing relationship
between trainees, the VR environment, and the real world.
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1. Introduction

Virtual Reality (VR) based learning has gained significant attention in various apprenticeship pro-
grammes over the past few years (Goldberg and Knerr 1997; Dennis and Harris 1998; Chung and
Huda 1999; Seymour et al. 2002; Oliveira et al. 2007; Cha et al. 2012). VR platforms provide a safe,
affordable, and effective environment in which learners can navigate through, and interact with,
their jobsites and become exposed to various types of hazards and safety risks that are otherwise
difficult (and sometimes impossible) to experience in field-based training. VR-based training has
evolved tremendously in the past few years from simple graphical interfaces for assessing trainees’
decision-making ability to complex multi-player scenarios augmented with artificial intelligence
and immersive technologies. Currently, after many evolutionary phases, VR-based training appears
to have reached a level of maturity that renders it applicable in many industries (Alanne 2016;
Sevim-Cirak and Yıldırım 2020; Gilford et al. 2014).

Notwithstanding the significant evolution of VR-based training, the technology seems to have
stagnated in one particular aspect. From the outset, VR scenarios used for training purposes have
been perceived and treated as something that needs to be ‘designed’ by a human agent (i.e.
experts). The bottleneck in this approach is that, in practice, training and education experts often
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lack the technical skills to directly take on the task of scenario design and development. Furthermore,
VR developers often lack insights into both the content and the context of professional training. The
resulting separation of content and contextual knowledge from technical skills has two potential det-
rimental outcomes: (1) the content of VR training becomes generic and non-adaptable to the cultural/
geographical/legislative subtleties of different learning settings because the training scenarios are
developed without the active involvement of the pertinent training experts, or (2) the development
process of customised and tailor-made scenarios becomes time-consuming and costly as it requires
continuous, iterative, and highly collaborative design cycles.

Recently, a new approach to address this limitation has been proposed (Vahdatikhaki et al. 2019).
Based on this approach, interactable training scenarios are built based on data collected from actual
sites. In other words, trainees will be placed in the digital equivalent of construction processes and
allowed to interact with both static and dynamic objects. As a result of this approach, automated plat-
forms can be built to effortlessly translate (by the training experts) the construction site of choice to a
training scenario. This should minimise issues linked to the detachment of skill sets required to
develop VR training content.

Previous research on the reconstruction in VR of construction processes has been limited to the
generation of navigable scenarios, i.e. scenarios where trainees can only ‘observe’ how construction
operations have unfolded on the site and identify hazards, errors, and risks. The novelty of the pro-
posed approach is twofold: (1)the scenarios will become realistic not only in terms of graphics but
also in terms of context because, unlike ‘designed’ scenarios, reconstructed scenarios are able to
capture all the uncertainties and erraticness present in human-centered activities and allow trainees
to develop situational awareness to the level required to cope with these uncertainties; and (2) recon-
structed VR scenarios are interactable, meaning that trainees can make changes to the environment
and observe the impacts of their decisions on the progression of activities on the site. These two
characteristics reflect the unique characteristics of VR learning environments identified by Dalgarno
and Lee (2010).

According to Dalgarno and Lee (2010), ‘learner interaction’ is the first unique characteristic of VR
learning environments. This characteristic allows learners to undertake embodied actions in the
virtual world. Learners can, for example, navigate through that world and manipulate objects and
the environment. The second unique characteristic of VR learning environments that they identify
is representational fidelity. This refers to characteristics such as a realistic display of the environment,
smooth view changes and object motion, and the realistic way objects in the environment behave
and respond to user actions.

By moving through learner interaction and representational fidelity, from navigable to interact-
able VR learning environments, the relationship between the trainee or user and the VR technology
changes. The changing relationships between the user, VR technology, and the surrounding world is
the focus of the recently developed theory of technological mediation (Ihde 2009; Verbeek 2015). In
this theory, the central idea is that technologies mediate and shape the relationship between humans
and the world they experience (Ihde 1990; Van Den Eede 2011; Verbeek 2006). Humans’ perceptions
of reality are transformed when the latter is mediated by technology. Mediation indicates how tech-
nologies influence the relationship between humans and the world.

Ihde (1990; Verbeek 2001), one of the founders of the theory of technological mediation, has ela-
borated on various technology-mediated relationships between human beings and the world. In his
approach to studying the impact of concrete technologies, Ihde distinguishes four forms of human–
technology relationship: embodiment, hermeneutic, alterity, and background relationships. The
objective of the present study is to provide insights into the different roles that mediation may
play in the new context-realistic VR learning environments in the relationship between trainees or
users of this technology and construction practice. A case study approach was adopted to accommo-
date the different forms of human–technology relationship in the development of a framework for
generating an innovative VR training tool. Here, we would emphasise that the focus of this
human-technology relationship study is the development phases, rather than the final product, of
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context-realistic VR training scenarios. Focusing on the development phases allows us to better scru-
tinise the underlying elements that shape the changing relationship between learners, the VR
environment, and the real world. We show that, when analysing the mediation roles that VR learning
environments play using the typology of human-technology relations introduced by Ihde (1990), the
hermeneutic and alterity human-technology relationships predominate.

The structure of the paper is as follows. First, we elaborate on the theory of technological
mediation, its philosophical background, and Ihde’s typology of human–technology relationships.
Next, the research methodology is discussed in Section 3. Then, in Section 4, the case study under-
taken to develop a framework for generating an innovative VR training tool is presented. Following
the case study, the different roles that mediation may play in the VR tool between its users and con-
struction practice in both the case study and in VR learning environments in general are discussed in
Section 5. Finally, in Section 6, the conclusions are presented.

2. Literature review on technological mediation

The underpinning philosophy of technological mediation is phenomenology. Phenomenology has
been used in the philosophy of technology to describe how using technology shapes human experi-
ence (Rosenberger and Verbeek 2015). Phenomenology assumes there is always an intentional
relationship between subject and object. Intentionality, a central idea of phenomenology, posits
that consciousness is always directed toward real or imagined objects (Aagaard 2017). One can
speak of a ‘consciousness-of’, for example hearing is a hearing of a sound, seeing is seeing something.
Every instance of experience has a direction toward what it is that is experienced. As such, there are
inextricable connections between humans and the world.

Post phenomenology adds to phenomenology the mediated character of this intentional relation-
ship between subject and object (Rosenberger and Verbeek 2015). That is, humans always perceive
the world through a mediating technology that shapes a specific relationship between humans and
the world (Verbeek 2008): ‘Being intentionally directed toward the world through a technology trans-
forms our perception in accordance with the characteristics of that particular artifact’ (Aagaard 2017,
526). In effect, the human–world relationship is a human–technology–world one (Rosenberger and
Verbeek 2015). Post phenomenology emphasises that humans and technologies can only be under-
stood in their interrelationships with the world and with humans. Humans and technologies are not
separate entities That is, a subject is closely intertwined with its material environment (Aagaard 2017).

Ihde (1990) provides an analysis of four human-technology relationships, each positioning
humans in a different relation to technology. Each relationship sheds light on a different type of
intentionality mediated by technology (Verbeek 2005b, 2008). In this way, each relationship
addresses a specific way that technologies mediate our perceptions and interpretations of reality
(Verbeek 2006). The four relationships are represented in Table 1.

The first human-technology relationship is one of embodiment. In an embodiment relationship,
humans perceive the world through technology, but this technology is not part of the human’s atten-
tion. Ihde (1990) uses the example of a pair of glasses. When a human puts them on for the first time,
they immediately transform the user’s visual capability to see the world (Irving 2016). Here, a pair of
glasses is the technology that mediates between the viewer and the world. When glasses become
sufficiently familiar to the user, they almost ‘disappear’ in use. After a certain period of adaptation,
the used technology becomes almost invisible to users (Rodighiero and Romele 2020). Ihde (2009)

Table 1. Ihde’s human-technology-world relationships.

Embodiment relationship (Human – Technology)→World
Hermeneutic relationship Human→ (Technology- World)
Alterity relationship Human→ Technology (-World)
Background relationship Human→ (Technology/World)
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schematises this relationship as (Human-Technology)→ Environment. This reflects how humans
embody concrete technology. For instance, (Human-Pair of Glasses)→World shows a human
embodying a pair of glasses and, through them, perceiving the world. Here, a human’s perception
of the world is mediated by technology that transforms what is perceived (Verbeek 2006).

The second human-technology relationship is the hermeneutic relationship in which technology
‘provide[s] representations of reality, which need to be interpreted by humans in order to constitute
a “perception”’ (Verbeek 2005a, 1). Hermeneutic means interpretative: that is, the meaning is not
objective but can only be achieved through interpretation (Rosenberger and Verbeek 2015; Turk
2001). In a hermeneutic relationship, technologies represent a specific aspect of the world, and
this representation is read and interpreted by a human being. Typical examples are thermometers,
maps, flight instruments, and other technologies with visual displays. Reading and interpreting the
thermometer provides information about a temperature (Ihde 1990, 2009). The thermometer rep-
resents one aspect of reality, namely temperature, while other aspects (e.g. humidity) are overlooked.
The use of a particular technology causes a person to experience a certain aspect of reality, that which
is amplified, while simultaneously the experiences of other aspects of reality are reduced. Ihde (2009)
schematises this relationship as Human→ (Technology-World). Here, a concrete technology provides
a representation of a specific aspect of the world, which is represented by (Technology-World). This
representation is then read and interpreted by a human.

The third kind of human-technology relationship is the alterity relationship. In this relationship, the
technology itself is the centre of attention. Typical examples are robots, ATM machines, computer
games, and visual technologies. Verbeek (2005a) uses an as example an automatic ticket machine.
When a person is buying a ticket from such a machine, the person’s attention is focused on this
machine – on the technology and not on the world. The buyer checks the available train times on
the screen, pays the fee, and then collects the ticket. In an alterity relationship, humans interact
with technologies more-or-less as if they were autonomous beings with their own agency. Technol-
ogy here appears as a ‘quasi-other’ to a human, possessing a kind of independence. Human inten-
tionality is directed toward the technology itself. Verbeek (2008, 389) schematises the alterity
relationship as Human→ Technology (-World). Here, humans are not perceiving the world through
the technology (an embodiment relationship) or by means of technology (a hermeneutic relation-
ship) but are related to the technology itself (Ihde 2009; Verbeek 2005a; Afyounian 2014).

The final human-technology relationship is a background relationship. In this relationship, technol-
ogy helps to shape the context through which we experience the world. Typical examples are heating
and lighting systems that operate in the background and affect our everyday experiences. In such
background relationships, technologies form the context of an experience but in a way that is
often not consciously perceived (Tripathi 2006). Technology is part of the context in which users
experience the world. This human-technology relationship can be schematised as Human – (Technol-
ogy/World). In such background relationships, the technology is not embodied, and the world is not
perceived through the technology. It does not have a central role in our interpretation of the world
(Rosenberger and Verbeek 2015). Further, unlike in an alterity relationship, the focus is not on the
interaction between humans and technology and, in general, humans do not give the technology
their attention (Ihde 2009; Verbeek 2005a).

3. Research methodology

The focus in post phenomenology is on understanding the different roles that technologies play in
the relationships between humans and the world (Rosenberger and Verbeek 2015). It is in the context
of these relationships that the impact of technologies on human beings is interpreted. With its
emphasis on human practices and experiences, post phenomenology views empirical studies (the
work of others or self-conducted studies) as the basis for philosophical reflection (Rosenberger
and Verbeek 2015). In this paper, a case study of the development of a framework for generating
an innovative VR training tool is the basis for philosophical reflection on understanding the role
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that VR learning environments play in different human-technology-world relationships. For this
purpose, the framework for a context-realistic VR training simulator is chosen.

First, the framework for the context-realistic VR training simulator is presented. This framework
aims to reconstruct actual construction sites in a VR environment using sensory data collected
from real projects. The VR scene is then translated into an interactable training scenario that inte-
grates agent-based simulation techniques and replays of actual sensory data. Based on Vahdatikhaki
et al. (2019), the four main phases of the proposed framework are investigated and analysed first,
namely: context capture, context generation, context-user interaction, and context-based assess-
ment. Subsequently, through a workshop with instructors this framework is shown to improve
various aspects of training including safety, teamwork, interface, education design, and versatility.

Next, using Ihde’s typology of the different roles that technology plays in the relationships
between humans and the world, the forms of technological mediation provided in the different
phases of the development of this framework for generating an innovative VR training tool for con-
struction practice are discussed. This discussion forms the basis for a post phenomenological reflec-
tion on understanding the different roles that this VR learning environment plays in human–
technology-world relationships. The purpose of this post phenomenological approach is ‘not to
develop an accurate description of specific technologies, but to investigate the character of the
various dimensions of the relations between humans and these technologies, and their impact on
human practices and experiences’ (Rosenberger and Verbeek 2015, 31).

4. Case study

4.1. Overview of the proposed framework

Figure 1 represents an overview of the proposed framework. In essence, the framework has four main
phases: (1) context-capturing: the process of collecting data from actual construction sites using
sensors; (2) context generation: translating the collected data into a virtual model; (3) context-user
interaction: providing tools and methods for the trainee to navigate, interact, observe, and analyse
the VR environment; and (4) context-based assessment: evaluating the performance of the trainees
using a number of performance indicators (e.g. number of collisions, number of near misses). A brief

Figure 1. Overview of the proposed framework (adapted from [Vahdatikhaki et al. 2019]).
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summary of each phase is provided here and more details can be found in previous work by the
authors (Vahdatikhaki et al. 2019).

4.1.1. Context capturing
In the context capturing phase, a set of technologies, such as GPS and inertial measurement instru-
ments, are used to collect contextual data such as equipment movements. Context in this research is
defined as the integration of environments, agents, operations, and products.

The training scene environment encompasses components such as trees, ponds, canals, and
houses surrounding the construction sites. Such components can be static (e.g. houses) or semi-
static (e.g. temporary fences and office containers). Static components are generally of a lower sig-
nificance in the context of training and only contribute by enhancing the graphical fidelity of VR
scenes. Most of the data required for modelling static components can be obtained from publicly
available survey data and Geographical Information System (GIS) models. Semi-static objects can
best be modelled using LiDAR data and video/images captured from onsite cameras.

Agents present in a VR scene include workers and pieces of equipment whose dynamics and mobi-
lity are propelled by a human agent. Agents are either dynamic (e.g. workers) or semi-dynamic (e.g. a
stack of materials). Given their inherent mobility, the representation of agents is critical to honing the
situational awareness of trainees. This dimension of the context is themost difficult to capture given the
complex kinematics and the frequency of changes in their states. The best technologies to capture
agent components are GPS, Ultra-Wideband (UWB), and Radio Frequency Identification (RFID).

The third dimension of context is the set of onsite operations such as excavations or hoisting tasks.
The capturing of this dimension, unlike the previous two dimensions, is based on inference. In this
sense, the activities that are being performed by agents, and their logical sequence, need to be
inferred from agent data. For this purpose, a set of data analytics, using methods such as machine
learning, can be applied. The operation dimension can be used to generate intelligent, yet data-
driven, agents that can interact with the trainee while representing realistic behaviour of actual
agents on the site.

The final dimension of the context includes the products of operations such as an excavated ditch
or a paved road. Given how these interact with human-induced operations, this dimension is challen-
ging to capture using direct measurement techniques. Nevertheless, they are very instrumental in
determining how trainees’ VR actions/choices induce changes in the surroundings. The best technol-
ogies to track and capture products are remote sensing technologies and embedded sensors.

4.1.2. Context-based scenario generation
Once data on the various dimensions of the construction context have been collected, the next phase
of the framework development is to translate the sensory data to a virtual scene that can be used in
the training simulation.

First, the environment data are translated into a 3D model of the site. This can be carried out on a
GIS platform in which various types of data can be integrated. Once all the environment data are
merged in the GIS software, a 3D model of the site can be generated and imported into the game
engine. Next, a 3D model of the relevant agents (e.g. equipment) needs to be built and imported
into the game engine. Public 3D libraries can be used for this purpose. The models need to be
arranged so as to capture the kinematic chain of the actual agents. This requires adjustment of
the joint hierarchy of an agent. Once the kinematic chain is replicated, the relevant data collected
from the site can be linked to appropriate joints to simulate, in the VR environment, the motion of
actual agents on the site.

It is important to note that some of the agents that directly interact with a trainee need to be
aware of and react to the decisions made by the trainee. For this reason, actual data cannot be
used for some of the virtual agents because agents driven by data lack sense of the VR environment
and only repeat the motion of the actual agents. To avoid these inconsistencies, the interacting
agents should be propelled by simulated agents. Simulated agents can be developed based on
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the actual data to ensure that their behaviour is as realistic as possible. A method for the develop-
ment of data-driven agents has been explained elsewhere (Vahdatikhaki et al. 2019).

The final component that needs to be represented in the VR environment is the product data. By
correlating the changes in the environment (i.e. products) with the operation information, the physics
of the VR model can be generated. Generating the physics based on product data ensures that the
impact of a trainee’s decision on the VR scene can be realistically represented.

By integrating all the environment data and coupling the sensory data with pertinent 3Dmodels, a
training scenario can be generated by a training expert/teacher. The expert needs to determine the
task that will be given to the trainee. Based on this decision, the expert will then decide which part of
the project is most relevant for the training. Here they will consider aspects such as the level of con-
gestion, the risks, and hazards, and the skill level of the trainee to determine the most suitable part of
the project that can be used for training purposes.

4.1.3. Context-user interaction
Once the scenario is generated, the trainee can start training. A variety of technologies can be used to
improve a trainee’s VR experience. These include, but are not limited to, Head Mounted Displays
(HMDs) such as Oculus Rift, haptic sensors, and joysticks. HMDs are especially relevant because
they allow trainees to become deeply immersed in the VR environment and better hone their situa-
tional awareness. This is imperative for safety training. The developed framework also supports multi-
player training. This type of training is very useful for collaborative work that requires coordination
between multiple parties.

4.1.4. Context-based assessment
It is important to give feedback on the performance of trainees. Post-training evaluation and feed-
back allows trainees to become more sensitised to their mistakes and prevents them from becoming
entrenched. This framework requires trainees to be provided with a set of feedback on their safety,
productivity, and quality performance. The fact that VR scenarios are built on real data, and thus have
more realistic contexts and physics, allows a wider range of feedback.

4.2. Validation of the proposed framework

To validate the proposed framework, a prototype is developed and tested through a workshop with
the instructors. The instructors were asked a series of questions to evaluate the prototype based on
five criteria, namely, safety education, interface, curriculum development, versatility, and teamwork.
The evaluation is done through a score on a scale of 1–5, corresponding to very poor and excellent,

Figure 2. Comparison of the performance of the proposed framework with conventional simulators.
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respectively. To put the results in perspective, the instructors were also asked to use the same scoring
scale to evaluate the conventional training simulators. The results are presented in Figure 2.

As shown in Figure 2, the proposed framework outperforms the conventional simulators in all but
one aspect, i.e. versatility. The argument raised by the instructors was that the current simulators also
provide an adequate degree of versatility with respect to their education need. Nevertheless, they
admitted that the proposed framework offers more flexibility for the future. A more detailed analysis
of the results can be found in the previous work of the authors (Rosenberger and Verbeek 2015).

5. Discussion

The objective of this study is to provide insights into the various mediation roles that VR learning
environments may play in the relationship between trainees or users of this technology and construc-
tion practice. It is in the context of these relationships that the different mediation roles of VR learning
environments in construction, and in particular in the main phases of the development process of the
VR training tool of the case study, are discussed. The conclusion drawn from this study is that herme-
neutic and alterity human-technology relationships dominate in the development phases of this VR
training tool. These two relationship forms are therefore discussed first followed by the embodiment
and background relationships.

It is important to highlight that, as mentioned in Section 4.2, the proposed framework is validated
through a prototype by the instructors. The limitation of this validation approach is that the impact of
context-realism on the facilitation of achieving the learning goals by students is not directly investi-
gated through studying the interaction of students with the prototype. This is mainly due to the fact
that because the focus of the framework has been on the investigation of how the next generation of
the simulators can benefit from embedding real-context, little attention was paid to the graphics and
physics of the prototype. With the students’ engagement in the simulator being heavily predicated
on the adequate graphical and physical fidelity of the simulators, it can very well be the case that
students are not able to engage with the VR learning environment as they would normally do
with more classic simulators. Consequently, this would detract from their attention to the value of
context and compromises the reliability of investigating the contribution of context realism on learn-
ing. This is why it has been decided to only focus on instructors who can better maintain a single-
dimensional focus on the prototype simulator and compare and contrast it with the existing
simulators.

Because of this limitation, the conclusions drawn from the validation can be interpreted more in
the domain of ‘expected outcome’ rather than ‘achieved outcome’. In terms of Marton and Pang
(2006), the focus of this study is on the ‘intended object of learning’ and not on the ‘lived object
of learning’. The intended object of learning focuses on the skills that the instructors are expecting
the trainees to learn (Bernhard 2010). The lived object of learning are the relevant capabilities that
the trainees actually develop through the interaction with the prototype. This was not the focus of
this study. Having said that, the authors are fully aware of the exigency and criticality of having
the prototype validated in terms of contribution to achieving the learning objective. For that
reason, they are currently working on enhancing the overall graphics/physics realism of the simu-
lators and will soon have the improved prototype also validated by the students. The result of this
validation will appear in the future work of the authors.

5.1. The hermeneutic relationship and VR in construction

In a hermeneutic relationship, users turn to digital technology in order to read and interpret a specific
representation that it provides (Rosenberger and Verbeek 2015). Here, the VR training tool mediates
different views by providing multiple representations of different data in different forms. The VR tool
plays a mediating role in the hermeneutic relationship between user and construction practice since
the user experiences a representation of this part of the world.
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Ihde schematises the hermeneutic relationship as Human→ (Technology–World). The arrow in
this relationship indicates intentionality between humans and technology. However, the relation-
ship between technology and the world can also be characterised as having a certain level of
intentionality: the ‘the sensing apparatus’ of technology is configured to pick up and process
inputs in certain ways (Ihde 1990; Wiltse 2014). This intentionality of the technology or ‘techno-
logical directedness’ is the specific way in which a certain technology is directed at a specific
aspect of reality (Verbeek 2008). Developers design and/or programme certain intentionality
into these technologies to collect data in specific ways. Adding this ‘directedness’ or intention-
ality of technology to human intentionality leads to composite intentionality (Verbeek 2008).
Here, not only human beings but also the technologies they are using have intentionality.

The hermeneutic relationship of this composite intentionality is conceptualised as Human→
(Technology→World), with the hyphen between technology and the world becoming an arrow.
This relationship represents specific situations of technological mediation in which double intention-
ality occurs: one of technology toward ‘its’ world, and one of human beings toward the result of this
technological intentionality. In the case study, such a hermeneutic relationship of composite inten-
tionality can be found in the context-capturing and context-based scenario generation development
phases.

The ‘technological directedness’ applies to the set of technologies that are used to collect contex-
tual data in the context-capturing phase, the first development phase of the framework. The propo-
sal, in this framework, is to collect data on static and semi-static objects by using digital survey data,
GIS, on-site cameras, drones, and LiDAR data. To track dynamic and semi-dynamic objects, various
other types of technologies are proposed such as GPS, UWB technology, and sensor technologies
(e.g. RFID). Remote sensing technologies and embedded sensors can be used to track product
status. For capturing the site topography, LiDAR technologies can be used. These technologies are
all directed toward specific aspects of reality and provide detailed data on the precise location,
size, state, or other aspects of objects captured.

The ‘human intentionality’ of the hermeneutic relationship relates to the set of technologies that
are used in the context-based scenario generation phase. Virtualising the data is an important start-
ing point for the preparation and generation of a context-realistic scenario. Input collected in the
context-capturing phase needs to be virtualised in an interactable environment or virtual scene
that can be used in the training simulation. Different types of data in different formats from
various sources can be imported into the GIS platform. Next, a 3D model of the site and the relevant
agents has to be imported into the game engine. Once all the data are imported, the resulting virtual
scenes represent actual construction sites.

These data virtualizations amount to hermeneutic relationships of a specific kind: they are
representations based on translating collected input into virtual scenes (the phase of context-
based scenario generation). This input is, in turn, the result of data collected by technologies
with their own technological intentionality (the context-capturing phase). One can speak of
double or composite intentionality: the technological intentionality of data technologies directed
toward construction practice in the context-capturing phase, and the human intentionality
toward the virtual representations of construction sites in the context-based scenario generation
phase.

Because the main goal of the framework is to indicate how the next generation of the simu-
lators can benefit from embedding real-context, the authors have only focused on context rep-
resentation in the VR environment. This is why the prototype is validated by instructors only
because they can better compare and contrast it with the existing simulators. In terms of
human intentionality in the hermeneutic relationship, the validation of the prototype deals with
the instructors’ intentionality towards the VR-environment presented. The trainees’ intentionality
toward the virtual representations of construction sites and how these representations contribute
to improving their learning is not investigated here. The relation between trainees and the VR-
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environment and how hermeneutic relationships develop in the trainee’s training through the VR
tool need to be also studied.

5.2. The alterity relationship and VR in construction

In an alterity relationship, a VR learning environment functions as a ‘quasi-other’ to which users
relate through directions verbalised by a VR tool (Hogan and Hornecker 2011). Ihde (2009) sche-
matises this relation as Human→ (Technology-World). In this relationship, the VR tool invites users
to act in a certain way while inhibiting acting in other ways (Verbeek 2006). The VR tool
encourages certain behaviours by carrying a script that guides users in a certain direction
(Latour 1992). Interacting with VR gives the user a sense of interacting with something ‘other’
than either themselves or reality. The technology has its own agency that influences human
experience.

From a learning perspective, almost all digital learning technologies involve an alterity relationship
since using new technologies starts with being instructed (Dreyfus, Dreyfus, and Athanasiou 2000).
This is indeed the case with new VR learning technologies. A VR learning environment and its inter-
actions with its users play a significant role in co-shaping the user’s experience through being an
agent in the interpretation process. In the case study, this quasi-other or user-VR alterity relationship
can be found in all phases of the development of the VR training tool but has particular relevance in
the context-user interaction phase.

The alterity relationship is first seen in capturing and incorporating the mobility of workers
and pieces of equipment in the context-capturing phase. Capturing this context requires trainees
to be continuously mindful of the surroundings to avoid collisions with other pieces of equip-
ment, workers, or materials present on actual sites in the context-user interaction phase. Incor-
porating this dimension in the VR scene of a construction site hones the situational awareness of
trainees. An alterity relationship in the VR tool can also be found in the objects that interact
with trainees. Interacting objects are those whose actions and operations depend on the
actions of trainees. Products and their qualities are examples of such objects that are important
in training scenes because they help trainees in the context-user interaction phase to see how
various operational actions result in different types or qualities of the final product. This
increases the realism of virtual interactions with the surroundings in the context-user interaction
phase. Another type of alterity, quasi-other, relationship is demonstrated in the feedback module
that provides several types of feedback at the end of the training session in the context-based
assessment phase.

The VR tool adds levels of complexity to interactions with the users or trainees in a virtual world of
construction practice, who in turn have to respond. The VR tool as a quasi-other, and its interaction
with its user, is a good example of an alterity relationship co-shaping the user’s experience of con-
struction practice. The expected contribution of the context-realism of the VR-tool as quasi-other
is on safety education, interface, and team work. The performance of the simulator in these
aspects as perceived by instructors is presented in Figure 2. All these dimensions could be also
assessed from trainees’ perspective. However, given that the student experience with VR simulator
also depends on high graphics and physics fidelity, and given that these two dimensions have not
been focused on in the prototype, the authors have made a strategic decision to keep this out of
the research for time-being. The contribution of the context-realism on student learning will be inves-
tigated in future.

5.3. The embodiment relationships and VR in construction

A VR learning environment can also be seen as involving an embodiment human-technology
relationship. This is particularly the case when a user is totally immersed in a VR scene. Witmer
and Singer (1998) view immersion as a ‘psychological state characterized by perceiving oneself to
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be enveloped by, included in, and interacting with an environment that provides a continuous stream
of stimuli and experiences’ (227). Other authors refer to this psychological immersion as ‘presence’,
the psychological perception of being ‘there’ within a virtual environment in which the person is
immersed (Witmer and Singer 1998; Calleja 2014; Riva and Waterworth 2014; Wang, Petrina, and
Feng 2017).

Current VR applications stress experiencing and exploring information, thereby emphasising ‘pres-
ence’, which makes the users feel that they are there within the created reality. Whereas conventional
construction VR simulators expose trainees to a scene through a set of screens, the advent of VR Head
Mounted Displays (HMDs) has seen these increasingly replace the former screens. This allows a
deeper immersion of trainees in the VR scene and enables a more realistic interaction with the sur-
roundings. This experience through VR HMDs and high-performance computer graphics that provide
augmented views of reality moves closer to an embodiment relationship.

In the case study, once a scenario is built in the context-based scenario generation phase, trainees
can start training by interacting with a VR simulator in the context-user interaction phase. In this inter-
action phase, the trainee is immersed in the VR scene using Head Mounted Displays (HMDs), haptic
sensors, joysticks, etc. Especially when using an HMD combined with VR scenes based on realistic or
actual data, the user becomes, after a certain period of adaptation, focused on the work to be done in
the simulated context. That is, the use of HMDs, haptic sensors, and joysticks allows a deeper and
wider interaction with the scene. Once the trainee becomes totally immersed in the VR scene
through these VR tools one can speak of an embodiment relationship. In this situation, the VR
tools have become familiar to the user and almost ‘disappear’ in their use: the technology
becomes almost transparent to its user.

This immersion in a VR scene contrasts with previous training simulators (Messner et al. 2003).
Older simulators focus on learning how to use the VR technology as such. They push users to interact
with the technology itself and put less focus on preparing trainees for the actual work to be done on a
construction site. As such, with these simulators, the alterity relationship is the dominant human-
technology relationship. The core objective of the VR simulator in the case study is to support the
development of trainees’ situational awareness using virtual scenes based on realistic and actual
data. When the technology ‘disappears’, the role of the VR simulator changes, in terms of Ihde,
from an alterity relationship to an embodiment relationship.

5.4. The background relationship and VR in construction

VR technology also involves a background human-technology relationship by helping to shape the
context in which users’ experiences occur (Alberts 2013; Voogt et al. 2016). The term affordance can
be used in discussing this background human-technology relationship (Alberts 2013). Affordance
refers to what the physical environment, in terms of properties, offers to human beings (Gibson
1986). With technology, affordances refer to the properties of the technology and their meaning
for its users. The design of a system determines its affordances and the kinds of interactions possible.

On a system level, the affordances of a VR learning environment are the set of all possible uses this
artifact could potentially be used for. In the case study, these affordances are determined by decisions
taken in all phases of the development process for generating the innovative VR training tool (Vah-
datikhaki et al. 2019). Affordances are determined by a variety of sensors and tracking technologies
concerned with the collection of relevant contextual data from actual sites and the translation of
these data into virtual models. The design decisions in the context-capture phase and the context-
based generation phase determine the kind of human-computer interactions possible in the
context-user interaction phase.

Affordances on the level of a particular user are, in this case study, determined by the training
instructors. In the scenario generation phase, these instructors make choices based on the learning
objectives of a particular training exercise and the skill level of the trainees. Instructors identify pro-
jects that would fit the learning objectives of the training, the number and types of equipment that
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will be operated by the trainees, and the proportion of the work that fits the scope and learning
objectives of the training programme. In this way, the affordances of an innovative VR training
tool for a particular user or trainee are determined by the instructors within the VR technology.

In terms of a background human-technology relationship, the VR training tool helps to shape the
context in which the experiences of users or trainees occur on two levels. On a system level, affor-
dances, or the set of all possible uses of the VR tool, are determined by decisions taken in all
phases of the development process. On the level of a particular user, the affordances of the VR
tool in this case study are determined by choices made by the instructors in the scenario generation
phase. These affordances focus on the skills that trainees are supposed to or intended to learn by the
instructors. It has not been investigated whether these affordances actually making the trainees do
what they are intended to do. The investigation of trainees’ experience was kept out of the scope of
this research. The focus is on the intended object of learning and not on the lived object of learning
(Marton and Pang 2006; Bernhard 2010). The instructors can try to make affordances – the intended
object of learning – but whether the trainees actually develop relevant capabilities through these
affordances – the lived object of learning – will be investigated in future.

6. Conclusions

The objective of this study has been to provide insights into the different mediation roles that VR
learning environments may play in the relationship between trainees or users of VR technology
and construction practice. When analysing the mediation roles that VR learning environments play
using the typology of human-technology relations introduced by Ihde (1990), the hermeneutic
and alterity human-technology relationships predominate.

Users have an important hermeneutic relationship with VR learning environments in that the VR
technology provides representations of reality which need to be interpreted by its users (Rosenberger
and Verbeek 2015). The hermeneutic relationship in the VR training tool studied is of a specific kind in
that the representations of construction sites are based on translating collected input into virtual
scenes. This input is, in turn, the result of data collected by technologies with their own technological
intentionality. One can speak of composite intentionality, with data technologies being directed
toward construction practice and with human intentionality directed toward the virtual represen-
tations of construction sites.

Users of VR learning environments also have a significant alterity relationship with the technology.
In this relationship, the VR training tool functions as a ‘quasi-other’ and invites users to act in a certain
way while inhibiting acting in another way. Such an alterity relationship can be found in all phases of
the development process of the VR training tool considered in the case study. The alterity relationship
is demonstrated when incorporating the mobility of workers and pieces of equipment in the VR
scene, thereby honing the situational awareness of trainees. This type of relationship can also be
found in the interacting objects whose actions and operations depend on the performance of trai-
nees and also in the module providing feedback at the end of the training session. The VR tool, as
a quasi-other in an alterity relationship, co-shapes the user’s experience of construction practice.

A VR learning environment can also be seen in terms of a human-technology embodiment
relationship. In recent years, the advent of VR HMDs and haptic sensors allows a deeper immersion
of trainees in the VR scenes. In the VR simulator addressed in the case study, the use of these VR tools,
combined with VR scenes based on realistic and actual data, means that, after a certain period of
adaptation, the trainee becomes totally immersed in the VR scene. Once this occurs, one can
speak of an embodiment relationship. That is, the technology ‘disappears’ with use and becomes
transparent to its users. This contrasts with previous training simulators which pushed users to inter-
act with the technology itself, reflecting an alterity relationship. The role of the VR simulator is to
move, in terms of Ihde, from an alterity relationship to an embodiment relationship.

A VR learning environment can also function as a background human-technology relationship by
helping to shape the context in which users’ experiences occur. On a system level, affordances, or the
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set of all possible uses of the VR tool, are determined by decisions taken in all phases of the devel-
opment process. On an individual level, the affordances for a particular user for a particular training
exercise are determined by the instructors.

Because the main goal of the framework is to indicate how the next generation of the simulators
can benefit from embedding real-context, the prototype is validated by instructors only because they
can better compare and contrast it with the existing simulators. The investigation of trainees’ experi-
ence was kept out of the scope of this research. It can be concluded that the focus of this study is on
the ‘intended object of learning’ and not on the ‘lived object of learning’ (Marton and Pang 2006;
Bernhard 2010). This limitation has important implications for the directions of further research.

This study dealt with the instructors’ intentionality towards the VR-environment presented. The
trainees’ intentionality toward the virtual representations of construction sites and how these rep-
resentations contribute to improving their learning is not investigated and needs to be studied.
Also the expected contribution of the context-realism of the VR-tool as quasi-other on safety edu-
cation, interface, and team work needs to be assessed from trainees’ perspective. Whether the affor-
dances made by the instructors are actually making the trainees do what they are intended to do, the
lived object of learning, needs also to be investigated. For these reasons, the authors are working on
enhancing the overall graphics/physics realism of the simulators and an improved prototype also
validated by the trainees.

Overall, it can be concluded that, in terms of the four human-technology relationships proposed
by Ihde, hermeneutic relationships and alterity relationships are nowadays particularly relevant. It is
further expected that the embodiment relationship will become more relevant in the near future. The
further development of VR learning environments will involve their role moving from an alterity
relationship to an embodiment relationship. In general, it can be concluded that using this frame-
work, taken from the theory of technological mediation, provides new insights into the roles that
VR learning environments may play and that it could also be used to analyse the impact of other tech-
nologies in training and education for construction practice.

Disclosure statement

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

Notes on contributors

Hans Voordijk is an associate professor in construction supply chain management and digitisation at University of
Twente. He is an economist and a philosopher by training. Before he joined Twente University, he was project
manager at the Netherlands Organization of Applied Scientific Research (TNO), assistant professor at Tilburg University
and lecturer at Asmara University, Eritrea. His research focus on digitisation of construction and philosophy of technology
in civil engineering.

Farid Vahdatikhaki is an assistant professor of ICT and BIM in construction at University of Twente. He is a civil engin-
eering by training but his research has been predominantly revolving around the intersection of information technol-
ogies and construction management. His particular research interests are: virtual reality, simulation, data analytics,
sensor-based tracking, and Building Information Modeling.

ORCID

Farid Vahdatikhaki http://orcid.org/0000-0001-9914-2612

References

Aagaard, J. 2017. “Introducing Postphenomenological Research: A Brief and Selective Sketch of Phenomenological
Research Methods.” International Journal of Qualitative Studies in Education 30 (6): 519–533.

Afyounian, E. 2014. Information and Communication Technologies in Support of Remembering: A Postphenomenological
Study. Växjö: Linnaeus University.

EUROPEAN JOURNAL OF ENGINEERING EDUCATION 13

http://orcid.org/0000-0001-9914-2612


Alanne, K. 2016. “An Overview of Game-Based Learning in Building Services Engineering Education.” European Journal of
Engineering Education 41 (2): 204–219.

Alberts, B. 2013. “Technology Appropriation Revisited-Mediation Theory as a New Philosophy of Technology for
Information Systems Research.” University of Twente.

Bernhard, J. 2010. “Insightful Learning in the Laboratory: Some Experiences from 10 Years of Designing and Using
Conceptual Labs.” European Journal of Engineering Education 35 (3): 271–287.

Calleja, G. 2014. “Immersion in Virtual Worlds.” In The Oxford Handbook of Virtuality, edited by M. Grimshaw, 222–236.
Oxford: Oxford University Press.

Cha, M., S. Han, J. Lee, and B. Choi. 2012. “A Virtual Reality Based Fire Training Simulator Integrated with Fire Dynamics
Data.” Fire Safety Journal 50: 12–24.

Chung, C. A., and A. Huda. 1999. “An Interactive Multimedia Training Simulator for Responding to Bomb Threats.”
Simulation 72 (2): 68–77.

Dalgarno, B., and M. J. Lee. 2010. “What Are the Learning Affordances of 3-D Virtual Environments?” British Journal of
Educational Technology 41 (1): 10–32.

Dennis, K. A., and D. Harris. 1998. “Computer-Based Simulation as an Adjunct to ab Initio Flight Training.” The International
Journal of Aviation Psychology 8 (3): 261–276.

Dreyfus, H., S. E. Dreyfus, and T. Athanasiou. 2000. Mind Over Machine. New York: The Free Press.
Gibson, J. J. 1986. The Ecological Approach to Visual Perception. Hills-dale, NJ: Lawrence.
Gilford, J., R. E. Falconer, R. Wade, and K. C. Scott-Brown. 2014. “3D Visualisation and Artistic Imagery to Enhance

Interest in ‘Hidden Environments’ – New Approaches to Soil Science.” European Journal of Engineering Education 39
(5): 467–482.

Goldberg, S. L., and B. W. Knerr. 1997. “Collective Training in Virtual Environments.” In Virtual Reality, Training’s Future?,
edited by R. J. Seidel and P. R. Chatelier, 41–51. Boston: Springer.

Hogan, T., and E. Hornecker. 2011. “Human-Data Relations and the Lifeworld.” Proc of iHCI.
Ihde, D. 1990. Technology and the Lifeworld: From Garden to Earth. Bloomington: Indiana University Press.
Ihde, D. 2009. Postphenomenology and Technoscience: The Peking University Lectures. Albany: SUNY Press.
Irving, L. 2016. Virtual Worlds as Pedagogical Places: Experiences of Higher Education Academics. Melbourne: Deakin

University.
Latour, B. 1992. 10 “Where Are the Missing Masses? The Sociology of a FewMundane Artifacts.”
Marton, F., and M. F. Pang. 2006. “On Some Necessary Conditions of Learning.” Journal of the Learning Sciences 15 (2):

193–220.
Messner, J. I., et al. 2003. “Using Virtual Reality to Improve Construction Engineering Education.” In American Society for

Engineering Education Annual Conference & Exposition.
Oliveira, D. M., et al. 2007. “Virtual Reality System for Industrial Training.” In 2007 IEEE International Symposium on

Industrial Electronics. IEEE.
Riva, G., and J. A. Waterworth. 2014. “Being Present in a Virtual World.” In The Oxford Handbook of Virtuality, edited by M.

Grimshaw, 205–221. Oxford: Oxford University Press.
Rodighiero, D., and A. Romele. 2020. “The Hermeneutic Circle of Data Visualization: The Case Study of the Affinity Map.”

Techné: Research in Philosophy and Technology preprint.
Rosenberger, R., and P.-P. Verbeek. 2015. “A Field Guide to Postphenomenology.” In Postphenomenological Investigations:

Essays on Human-Technology Relations, edited by R. Rosenberger and P.-P. Verbeek, 9–42. London: Lexington Books.
Sevim-Cirak, N., and Z. Yıldırım. 2020. “Educational use and Motivational Elements of Simulation Games for Mining

Engineering Students: a Phenomenological Study.” European Journal of Engineering Education 45 (4): 550–564.
Seymour, N. E., A. G. Gallagher, S. A. Roman, M. K. O’Brien, V. K. Bansal, D. K. Andersen, and R. M. Satava. 2002. “Virtual

Reality Training Improves Operating Room Performance: Results of a Randomized, Double-Blinded Study.” Annals
of Surgery 236 (4): 458–464.

Tripathi, A. K. 2006. “Reflections on the Philosophy of Technology Culture of Technological Reflection.” Ubiquity 7 (29):
2–2.

Turk, Ž. 2001. “Phenomenologial Foundations of Conceptual Product Modelling in Architecture, Engineering and
Construction.” Artificial Intelligence in Engineering 15 (2): 83–92.

Vahdatikhaki, F., K. El Ammari, A. K. Langroodi, S. Miller, A. Hammad, and A. Doree. 2019. “Beyond Data Visualization: A
Context-Realistic Construction Equipment Training Simulators.” Automation in Construction 106: 102853.

Van Den Eede, Y. 2011. “In Between Us: On the Transparency and Opacity of Technological Mediation.” Foundations of
Science 16 (2-3): 139–159.

Verbeek, P.-P. 2001. “Don Ihde: The Technological Lifeworld.” In American Philosophy of Technology: The Empirical Turn,
edited by Achterhuis H., 119–146. Bloomington: Indiana University Press.

Verbeek, P. P. 2005a. “Beyond the Human Eye. Mediated Vision and Posthumanity.” In Proceedings of AIAS Conference
‘Mediated Vision’, edited by P.J.H. Kockelkoren, 1–7. Enschede: Veenman Publishers en ARTez Press.

Verbeek, P.-P. 2005b. What Things Do: Philosophical Reflections on Technology, Agency, and Design. University Park: Penn
State Press.

14 H. VOORDIJK AND F. VAHDATIKHAKI



Verbeek, P.-P. 2006. “Materializing Morality: Design Ethics and Technological Mediation.” Science, Technology, & Human
Values 31 (3): 361–380.

Verbeek, P.-P. 2008. “Cyborg Intentionality: Rethinking the Phenomenology of Human–Technology Relations.”
Phenomenology and the Cognitive Sciences 7 (3): 387–395.

Verbeek, P.-P. 2015. “COVER STORY Beyond Interaction: A Short Introduction to Mediation Theory.” interactions 22 (3):
26–31.

Voogt, J., et al. 2016. “Using Theoretical Perspectives in Developing an Understanding of TPACK.” In Handbook of
Technological Pedagogical Content Knowledge (TPACK) for Educators, edited by AACTE Committee on Innovation
and Technology, 43–62. New York: Routledge.

Wang, Y. F., S. Petrina, and F. Feng. 2017. “VILLAGE—V Irtual I Mmersive L Anguage L Earning and G Aming E Nvironment:
Immersion and Presence.” British Journal of Educational Technology 48 (2): 431–450.

Wiltse, H. 2014. “Unpacking Digital Material Mediation.” Techné: Research in Philosophy and Technology 18 (3): 154–182.
Witmer, B. G., and M. J. Singer. 1998. “Measuring Presence in Virtual Environments: A Presence Questionnaire.” Presence 7

(3): 225–240.

EUROPEAN JOURNAL OF ENGINEERING EDUCATION 15


	Abstract
	1. Introduction
	2. Literature review on technological mediation
	3. Research methodology
	4. Case study
	4.1. Overview of the proposed framework
	4.1.1. Context capturing
	4.1.2. Context-based scenario generation
	4.1.3. Context-user interaction
	4.1.4. Context-based assessment

	4.2. Validation of the proposed framework

	5. Discussion
	5.1. The hermeneutic relationship and VR in construction
	5.2. The alterity relationship and VR in construction
	5.3. The embodiment relationships and VR in construction
	5.4. The background relationship and VR in construction

	6. Conclusions
	Disclosure statement
	Notes on contributors
	ORCID
	References

