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Abstract. In transdisciplinary research, relevant stakeholders from science, government, society
and economy work together to create innovative solutions to societal-relevant problems. One crucial
part of transdisciplinary research is the utilization of participatory methods. Participation has the
potential to empower people, a concept that encompasses on an individual level perceived
empowerment and empowering behaviors amongst others. Due to the diverse context, stakeholders
and outcome various participatory methods exist, including with and without the utilization of
technology. AR and VR are more and more part of participatory methods in transdisciplinary
research. This opens up the discussion what potential and challenges AR and VR as part of
participatory methods in transdisciplinary research have regarding perceived empowerment and
empowering behaviors. Results of a theoretical overview have shown that participatory methods
with AR and VR may enhance perceived empowerment, particularly through participatory creation
rather than just offering choices. However, challenges arise in utilizing results further in the
transdisciplinary research process and addressing knowledge gaps. Regarding empowering
behaviors, similar possibilities may arise since perceived empowerment and empowering behaviors
are connected with each other. However, examples are limited. Based on the presented potential
and challenges an exemplary implementation of a transdisciplinary research process supported by
AR and VR is depicted. Future research empirically testing participatory methods with AR and VR
will reveal their positive and negative impact.

Keywords: Augmented Reality, Virtual Reality, Transdisciplinary Research, Participatory
Methods, Individual Empowerment.

1 Introduction

In transdisciplinary research, relevant stakeholders from different scientific disciplines and practitioners work
together to solve societal-relevant issues [ 1-3]. This requires integration and collaboration of relevant stakeholders
to increase the acceptance [4], ownership [5] and empowerment [6] of involved stakeholder groups. Participatory
methods, such as transdisciplinary workshops [7] with or without Augmented (AR) and Virtual Reality (AR)
technology [8, 9], have already been used to support such research processes. However, there is a gap regarding
an overview of the current research on possibilities and issues of AR and VR concerning individual empowerment.
Hence, the following theoretical overview investigates potential and challenges of AR and VR regarding
individual empowerment in context of transdisciplinary research.

Within transdisciplinary research, scientists from relevant disciplines collaborate with practitioners, such as
citizens, municipalities and local businesses [3, 10]. Here, participation can be used to integrate people into
transdisciplinary processes and involve them in decision-making by taking their needs and wishes into account
[11-13], conducted with participatory methods. A participatory method is defined here as any kind of technique
or practice that enables relevant stakeholders to participate, similar to co-design methods [14] or co-creation tools
[15]. Dependent on the context, stakeholder and goal of the participation, the participatory method varies, e.g.
prototyping workshops [15] or Delphi surveys [16]. Also, continuously evolving technologies such as AR and
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VR, are finding their way into transdisciplinary processes [17, 18], e.g., visualization in participatory decision [8]
or virtually creating one’s own world [9].

By integrating stakeholders into research processes people can get empowered [6, 19], e.g. by being part of
urban decision processes [8] or independently creating flower beds and beehives for a more sustainable city [20].
Empowerment is, on the one hand, the process through which individuals, communities, and organizations gain
control over their own matters, and, on the other hand, the result of that process [21-23]. On an individual level,
also called psychological empowerment (PE), empowerment consists of different motivational, cognitive and
behavioral aspects, such as self-efficacy and motivation to control (intrapersonal component, here called perceived
empowerment), knowledge regarding the socio-political environment (intrapersonal component) and empowering
behaviors (behavioral component) [24]. These different components can be a basis for an analysis of participatory
methods and processes regarding individual empowerment in transdisciplinary research processes.

In transdisciplinary research, AR and VR have been utilized as tools in different participatory methods, such
as immersive visualization in participatory decision processes [8] or augmented co-creation [9]. However, an
overview of the current research regarding the possibilities and issues of AR and VR concerning perceived
empowerment and empowering behaviors is still missing. Therefore, the following theoretical overview
investigates potential and challenges of Virtual (VR) and Augmented Reality (AR), regarding perceived
empowerment (intrapersonal component of PE) and empowering behaviors (behavioral component of PE) in
context of transdisciplinary research. In doing so, this work will start with an introduction to transdisciplinary
research and participatory methods including the influence on psychological empowerment (Chapter 2). Next,
Chapter 3 will investigate challenges and potential of AR and VR applications by focusing on perceived
empowerment and empowering behaviors. Finally, identified challenges and opportunities will be summarized,
and directions for future research will be discussed including an example of a transdisciplinary research process
supported by AR and VR in participatory methods (Chapter 4).

2 Participatory Methods in Transdisciplinary Research: A Possibility to Empower
Stakeholders

Transdisciplinary research is a scientific approach in which researchers and practitioners from various relevant
disciplines and expertise work together to solve societal-relevant problems [1, 3, 11]. Hence, in transdisciplinary
research, practitioners are more than a target group or object of investigation, but members who participate in the
research process [3, 12]. This means relevant stakeholders are part of framing the societal-relevant research
problem, developing solution-oriented knowledge as well as finding and implementing suitable solutions [1].
Therefore, stakeholder involvement includes not only information, but also co-creation and other forms of
participation [11, 25, 26], similar to participatory research [27] or action research [28].

An important aspect of participation as part of transdisciplinary research [11] is to choose participatory methods
fitting to the aim, context and dialogue group that is supposed to be involved [29]. Similar to co-design methods
[14] or co-creation tools [15], participatory methods are here understood as any kind of technique or practice that
facilitate relevant stakeholders to participate in the transdisciplinary research process. Participatory methods are
spatially, temporally and contextually closed, similar to real experiments in real-world laboratories [10]. This can
range from one-day workshops [30] to month-long participation processes as in the application of Delphi methods
[16]. Dependent on the level and method, participation enables the possibility of empowering involved
stakeholders [6, 19, 25], such as co-deciding a future park design [8] or co-creating nature-based solutions for a
more climate resilient city [31].

Empowerment is both the process through which individuals, communities, and organizations gain control over
their own concerns, and the outcome of that process [21-23]. Individual empowerment, also called psychological
empowerment (PE), encompasses peoples’ beliefs and behavior regarding their possibilities to exert control about
relevant aspects in their life or environment. Zimmerman [24] distinguishes between three components: First, the
intrapersonal component (here called perceived empowerment) represents the individuals’ beliefs and perception
of empowerment. It is based on perceived control, which consists of first a personality domain (locus of control)
that stands for a general disposition to expect a connection between one’s activities and their consequences. The
second domain is a cognitive domain (self-efficacy) focusing on one’s assessment individuals make about their
ability to execute behaviors required to reach their desired aims. Lastly, the third domain is a motivational domain
(motivation to control [24]), which relates to the concept that gaining mastery over the environment fulfills a
natural wish to affect it [21].

The second component of PE involves an understanding of the socio-political environment (interactional
component) containing knowledge of relevant causal actors. Finally, the third component is the behavioral
component (here called empowering behaviors) which includes any kind of participatory activity that empowers



individuals [24]. Research has shown that individuals who feel empowered (higher level of intrapersonal
component) show more empowering behaviors (higher level of behavioral component) [32, 33].

With respect to participatory methods with AR and VR, research has already shown that immersive
technologies have a positive influence on participatory processes [8, 9, 34]. VR has been used for visualization in
co-decision processes on e.g. urban park designs [8], and AR has been developed for independently creating future
scenarios [9]. Furthermore, there are approaches of connecting VR with Al for high quality results from laypeople
[35] or utilizing AR as part of urban planning games [36, 37]. Current research regarding AR and VR in
participatory methods focuses mainly on information and consultation (see Simonofski and colleagues [38] for a
systematic review). However, research focusing on the role of AR and VR in feeling empowered and empowering
behaviors is still scarce. Hence, this theoretical overview examines research involving participatory methods
applied with AR and VR technologies in the context of transdisciplinary research. It evaluates the potential and
challenges of these methods, with a focus on perceived empowerment (intrapersonal component of PE) and
empowering behaviors (behavioral component of PE).

3 Augmented and Virtual Reality in Transdisciplinary Research

3.1 Potential of Augmented and Virtual Reality

Participatory Decisions with AR and VR. Augmented (AR) and Virtual Reality (VR) both fall under the
umbrella term “Extended Reality (XR)” together with other immersive technologies, such as Mixed Reality (MR)
or Augmented Virtuality (AV) [39—41]. VR generates a fully immersive virtual environment, making users feel
as if they are present within the simulated setting [42]. On the other hand, AR superimposes digital objects into
the real world, allowing for interaction with them in the real world [43]. Currently, AR and VR are mainly found
in two areas of participatory research: participatory decision with VR [8, 44] and AR [45], and participatory
creation with AR [9, 34], opening up potential for both perceived empowerment and empowering behaviors.

With VR, people are not bound to their imagination [46]. Instead, by seeing scenarios in VR they can
experience possible and impossible future settings [8, 47]. It allows users to immerge into these settings by letting
them experience the scenarios as if being present and interacting with them [8, 44, 48]. In participatory decision
processes, this increases the chance for laypeople to be able to make a decision based on experiences, rather than
solely on physical models [49] or simulations shown on a computer [50]. Weber and colleagues [44] investigated
whether VR as a visualization technique has an influence on voting behavior in a fictitious participatory method.
They found that more participants decided to change their voting behavior based on VR scenarios than only by
text. Interviews after the experience revealed multiple affecting factors, such as liveliness of immersive pictures
or the VR design itself. In connection to perceived empowerment, VR might have a chance to increase self-
efficacy and following perceived control, because people might increase their comprehension of the options they
can vote. Concerning empowering behaviors, Weber and colleagues showed that VR actually changed the
participants’ voting behavior in a fictitious scenario. In actual participatory decision methods, VR might show
similar effects increasing empowering behavior.

For participatory urban planning, stakeholders can get a holistic perception of their environment with VR. Ma
and colleagues [51] created a VR design in which participants were able to see infrastructure from above and
belowground of a neighborhood to design a more coordinated infrastructure management plan for urban ecology.
In a stakeholder workshop, they found that workshop attendees had a “further understand[ing]” of the structure
and system above and belowground including its connections [51]. In addition, approaches to include AR in
participatory methods within transdisciplinary research exist. Allen and colleagues [45] designed an AR app to
present future architecture designs of already existing buildings. In a related user study, especially young
participants stated that they would be more willing to participate in urban development projects with the AR app
than without. Participants mentioned that this approach could support stakeholders to understand the design's
purpose more effectively in comparison to only drawn plans. In participatory decision methods, this might
increase the chance of making decisions based on holistic experience. Regarding perceived empowerment, this
might create a possibility for stakeholders to get a deeper understanding of each option. This may increase
laypeople’s self-efficacy, since understanding the possible options to choose from is one important aspect of
participation and empowerment [52]. Focusing on empowering behaviors, AR and VR might enable more people
to be part of participatory decision methods with this higher level of self-efficacy.

Furthermore, research has shown that it is important for citizen to talk with facilitators in participatory decision
methods with VR. In one participatory decision method with VR, citizens from the neighborhood were invited to
choose between different urban park designs [8]. Independently of the visualization device — VR or paper map —



citizens felt surer about their decision if they were able to ask facilitators questions regarding the options,
potentially leading to a higher level of self-efficacy. Hence, VR can be a door opener especially since utilizing
VR in participatory decision methods is still rather new [44] increasing the chance of being interesting. Even
individuals who might not be that interested in participating still might be interested to experience possibilities
via VR. In relation to perceived empowerment, the combination of experience in VR and discussions with
facilitators might increase motivation to control since stakeholders would have multiple communication styles to
understand their available options thoroughly. Additionally, the still new idea of utilizing VR in participatory
decision methods might increase empowering behaviors because people might first be interested in testing VR
and then utilizing it in participatory methods.

Summarizing, participatory methods with AR and VR as part of participatory decision might have the potential
to increase self-efficacy and motivation to control — both aspects of perceived empowerment. With AR and VR,
stakeholders have the chance to experience the different options in decision-making in a more holistic way than
only by computer visualization or without any technology. However, research has shown that citizens prefer the
possibility to ask questions to ensure an informed decision, independent of the visualization device [8]. Here, VR
might be a door opener for discussion to not only include stakeholders who are interested in participating but also
those who might first be interested in the technology, increasing potentially empowering behaviors. In fictitious
participatory decision methods, research has already shown that VR changed participants’ voting behavior [44].
This shows potential to transfer such approaches into actual participatory decision methods, which might lead to
more empowering behavior.

Virtually Creating Something New. With participation, empowerment is already part of the process and not
only the result since stakeholders have the chance of self-determining and co-determining their affairs in the
ongoing process [19]. One possible way to use VR and AR in participatory methods is to let stakeholders create
their own future, by adding or moving new objects [53, 54]. Salmannshausen and colleagues [9] designed an AR
app for citizens to create their own environment by visually placing new objects into the existing environment.
With this app, citizens were able to create their own future park and could share their creations with others on
social media. Results have shown that participants would be interested in using the app for participation at launch.
This shows potential for empowering behaviors especially since stakeholders might start creating their own future
independently of a facilitator moderating the participatory process. Concerning perceived empowerment, this
indicates an increased motivation to control since participants felt motivated to participate.

Also, Hunter and colleagues [34] created AR apps to increase citizen participation. They found that apps in
which citizens could interact and create something new on their own were preferred than only communicative
visualization apps because they felt a higher sense of agency. Focusing on the potential of perceived
empowerment, AR apps in which stakeholders can create their own future have a higher chance of letting them
feel empowered, because especially motivation to control might rise. In connection with a close link to actors in
power, such as local government, empowering behaviors might increase, especially if there is a credible assurance
that the outcomes of participatory creation methods with AR are taken into account in further creation processes.

Since Artificial Intelligence (Al) is rising, in connection with VR it offers potential for new creative design
changes. In their research, Bussell and colleagues [35] combined VR and a text-to-image Al-framework. Their
idea was to integrate this Al-framework into VR-mediated co-design workshops and hence support urban design
participation. By utilizing this Al-framework, workshop participants could create their ideas of alternative
scenarios by only using words, which Bussell and colleagues could transfer into VR scenarios in the next step.
Focusing on perceived empowerment, such connection might have a potential of increasing self-efficacy since
involved stakeholders would not need good skills in drawing or be otherwise creative. Instead, dependent on the
quality of Al stakeholders would have the chance to create their own vision by expressing their ideas presented in
VR. Similar to perceived empowerment, the connection of VR and Al have potential for empowering behaviors,
especially due to the possible reduction of quality differences between experts and laypeople in designs.

In transdisciplinary research, often research is focused on future urban planning [1-3]. Hence, participatory
processes might be location-based. In connecting AR and VR with GPS and other location data [54, 55]
participatory methods with AR and VR might open up the chance for location specific creation by stakeholders.
On the one hand, this might create a possibility to new future designs created by stakeholders and easily located.
On the other hand, it might decrease understanding barriers about relevant locations for future participatory
creation. Regarding perceived empowerment, in the first case, self-efficacy might increase because stakeholders
might have a clear location to participatory re-create in combination with the creative vastness of AR and VR.
The second case might have the potential for increased motivation to control because long and frustrating
discussions about relevant locations might decrease. Both these cases might increase empowering behaviors, since



the first case creates a clear located topic to participatory work on. In the second case, by possibly decreasing long
discussions, more time might be available for action.

In summary, participatory methods with AR and VR as participatory creation tool have potential to increase
perceived empowerment and empowering behaviors. Research has already shown that creating something with
AR creates a higher sense of agency than only visualizing [34]. Hence, especially in combination with Al and
location-data participation with a high quality creation of location-specific designs might be possible, which might
increase perceived self-efficacy and motivation to control, both relevant aspects of perceived empowerment. If
also believable assurance of further processing participatory created results in the final design exists, perceived
control might increase as well, and empowering behaviors enabled through AR and VR might succeed.

3.2 Challenges of Augmented and Virtual Reality

Real participation requires at least some sort of participatory decision or creation — in transdisciplinary research
[6,25, 56] or other contexts [5, 19, 57]. Otherwise, one is only at a preliminary stage of participation, meaning no
actual participation exists and the impact of stakeholders in the final result is limited [52, 57]. This might lead to
only an “illusion of power” without real possibility for the stakeholders to influence the outcome [58]. Following,
to actually increase perceived empowerment and empowering behaviors, participatory methods with AR and VR
need to ensure stakeholders that their input is taken into account, which is not automatically the case [45]. After
developing their AR application for visualizing planned reconstructions at a building, Allen and colleagues [45]
asked citizens about their willingness to participate. They found that participants of a user study were not sure
how their opinion mattered to the constructions and whether their voting would be taken seriously. Especially,
they mentioned that facilitators would be more interested in the opinion of businesses than the public. This shows
that even though voting systems with visualization via AR shows potential for perceived empowerment, especially
motivation to control and self-efficacy might be reduced in such a case, leading to reduced empowering behaviors.

Additionally, Fegert and colleagues [59] found that stakeholders were only willing to participate up to a certain
participatory level: mainly information. In their development process of AR and VR applications for participation,
stakeholders from different transdisciplinary contexts — citizens as well as project initiators — raised concern about
citizens’ competence to participate. Regarding perceived empowerment, this indicates a general low level of self-
efficacy: Citizens and other stakeholders did not perceive the public’s expertise to be high enough to be able to
participate reliably in a participatory budgeting process. This shows that core challenges in participation in
transdisciplinary research as well as other participatory projects, such as addressing practitioners’ needs [2] or
understanding non-academics as “extra-academic experts” [60], do not stop with AR and VR as part of
participatory methods. Instead, the question raises whether AR and VR may be able to meet these challenges and
how that might be possible.

With participatory creation methods, perceived empowerment has a chance to be higher than only visualizing
future settings. Citizens perceived a higher level of agency in case of interacting with and creating new
environments than only experiencing visualizations in AR [34]. However, similar to visualization apps this feeling
may fade soon if stakeholders think that their input is not valued, since self-efficacy might decrease and following
motivation to control. Due to the connection between perceived empowerment and empowering behaviors [32,
33], empowering behaviors might be decreasing as well. Hence, to increase perceived empowerment and
empowering behaviors, it may be crucial to assure participating stakeholders that their contributions are
considered in the final design. Otherwise, if stakeholders feel undervalued, their motivation to control and self-
efficacy and following perceived control might ultimately decrease. In practice, this brings challenges for
participatory methods in general, but also for participatory methods with AR and VR: How can be ensured that
results are taken into account into the further creation, design and development process? How can participating
stakeholders be sure that their work is not only appreciated, but also reflected in the final designs?

Within transdisciplinary research, practical challenges of AR and VR application may arise in the utilization
in participatory methods, like in other contexts. Even though quality of VR increased immensely since first
development [46, 61], motion sickness still becomes an issue from time to time (see Saredakis and colleagues for
a systematic literature review [62]). Especially, younger people (<35 years) are more vulnerable to motion
sickness, a dialogue group that preferred participating with AR technology rather than without [45]. Focusing on
perceived empowerment and empowering behaviors, this example shows that there is not a one-fits-all solution
for participatory methods. Even, AR and VR are not able to empower every stakeholder. Instead, researchers need
to be aware of their dialogue group and stakeholders with their needs and wishes to conduct according
participatory methods with or without AR and VR.

Even though potential for participatory methods with AR and VR exist for perceived empowerment and
empowering behaviors, examples of participatory methods with AR or VR as enabler of empowering behaviors
are still scarce. In their systematic literature review, Simonofski and colleagues [38] found no independent citizen



activities enabled or supported by AR or VR. AR and VR were mostly utilized for information and consultation
[38], both preliminary levels of participation [57]. Therefore, the question arises why examples for AR and VR
utilized on higher levels of participation, such as participatory decision [45, 50] or participatory creation [9, 34]
are still scarce. What hindering reasons exist? What challenges reduce the potential for empowering behaviors in
practice?

Summarizing, challenges emerge on the one hand in the further utilization of results from participatory methods
with AR and VR. If stakeholders do not see reason to believe, that their input will be reflected in the final design,
or if they do not feel competent enough to enter valuable feedback, self-efficacy and motivation to control may
diminish. On the other hand, empowering behaviors enabled or supported by VR or AR are not often found in
research. Therefore, the question arises: what reasons hinder AR and VR to show their potential in participatory
methods? Additionally, participatory methods with AR and VR are not a one-fits-all solution. Hence, for
successful participation with AR and VR in transdisciplinary research scientists need to be aware of their dialogue
group and choose their participatory method accordingly — with or without AR and VR.

4 Conclusion and Future Directions

4.1 Possibilities to Increase Perceived Empowerment and Empowering Behaviors

In this article, a theoretical overview was presented focusing on possibilities and challenges regarding perceived
empowerment and empowering behaviors utilizing Augmented (AR) and Virtual Reality (VR) in participatory
methods in context of transdisciplinary research. Results have shown that AR and VR have potential to increase
perceived empowerment and empowering behaviors due to the possibility of perceiving holistic [44] and future
scenarios [8] with immersive images [44], creating independently one’s own future [9] in high quality in
connection with Al [35] and easily spreading ideas via social media [9]. However, especially empowering
behaviors enabled and supported by AR and VR are still scarce [38], questioning what hindering factors may
exist.

In relation to potential and possibilities of participatory methods with AR and VR in transdisciplinary research,
results have shown that current research presents chances for AR and VR to increase perceived empowerment
(intrapersonal component of PE [24]) and enable empowering behaviors (behavioral component of PE [24]) of
stakeholders. Current research shows two directions of participatory methods: participatory decisions with AR
and VR [8, 45] and participatory creation with AR [9, 34]. Both directions have potential for perceived
empowerment since they might increase self-efficacy and motivation to control (see Chapter 3), with an even
stronger chance for participatory creation with AR [34]. Regarding empowering behaviors, simulations of
participatory decision making already showed a change of voting behavior based on VR [44], indicating
possibilities for real participatory decision making with VR.

Additionally, AR and VR have the advantage of a possible connection to Al [35] and location data [54, 55]
which might have the chance of increasing self-efficacy leading to a higher level of perceived control. Since
perceived empowerment and empowering behaviors are connected to each other [32, 33] these potentials should
stand as well for empowering behaviors. In addition, with the connection of AR and social media [9] stakeholders
may be able to spread their ideas amongst communities, hence, possibly extending reach and influence. With
regular evaluations of conducted participatory methods with AR and VR in transdisciplinary research, future
research may get a deeper understanding of their influence on perceived empowerment and empowering
behaviors. Empirical evidence can reveal which aspects of perceived empowerment — such as the motivation to
control and self-efficacy — are particularly enhanced by using participatory methods with AR and VR.
Additionally, empirical evaluations may show which of these aspects may increase empowering behaviors enabled
by AR and VR.

4.2  Future Research — Meeting Challenges and Further Empirical Testing

Encouraging Empowering Behaviors with AR and VR. Since examples for actual empowering behaviors are
still little [38], challenges in practical implementation of AR and VR in participatory methods might exist
hindering the actual realization of transdisciplinary research. One challenge of AR and VR as supporters for
empowering behaviors might be the lack of time. Participatory processes in transdisciplinary research take time
[2]. Relevant stakeholders need to be identified, and fitting participatory methods need to prepared, conducted
and analyzed. In context of AR and VR as part of participatory methods, this preparation time can take even more
time since relevant technology needs to be designed [9]. Due to the frequently short-term nature of research
projects [63], this timeline may result in incomplete participatory processes and the lack of actual use of AR and
VR in participatory methods within transdisciplinary research. Consequently, it may fail to enable empowering



behaviors of relevant stakeholders via AR and VR. Whether time is a limiting factor for empowering behaviors
may be seen in future long-term research projects focusing on AR or VR as part of participatory methods.
Additionally, if stakeholders are already part of the development process of AR and VR technology, similar to the
AR application developed by SaBmannshausen and colleagues [9], interest in being part of participatory methods
can already be reached while development. This could be another way to alleviate the practical issue of time, as
the technology may already be familiar and tested by the relevant stakeholders, potentially enhancing their ability
to use it effectively.

Another challenge for empowering behaviors via participatory methods with AR and VR might be the
multifaceted expertise for a long-term utilization of AR and VR as part of participatory methods. To be able to
utilize AR and VR as part of participatory methods, on the one hand moderating and facilitation skills are needed,
skills which are often associated with social sciences and design [4, 14, 64]. On the other hand, skills regarding
utilization and (further) development of AR and VR are needed to ensure an ongoing quality and usability
guarantee — skills that are often affiliated with computer science and engineering [61, 65]. Hence, a connection of
these two skill sets might be necessary, which especially long-term members from various stakeholders might
need to enable empowering behaviors through participatory methods with AR and VR in transdisciplinary
research. Whether learning these skill sets, such as teaching co-creation, as part of study programs [65] or via
mutual learning through transdisciplinary research [1, 2] might be a requirement for a long-term utilization, may
be investigated in future transdisciplinary research projects focusing on participatory methods with AR and VR.

In addition, one challenge of AR and VR in relation to perceived empowerment and empowering behaviors
may be to ensure the further utilization of participatory created results believably. This is not guaranteed
automatically [45]. So, how is it possible to assure credibly that input conducted by participatory methods with
AR and VR matter? In PE, the third component — interactional component — focuses on the knowledge of actors
in power [24]. Participatory methods with AR and VR showed two general directions of participatory methods:
participatory methods with a person as facilitator [34] or without [9]. In the first case, if the facilitator is an actor
of power or has direct connection to them, the trust may be created via the facilitator. In the second case, other
ways to ensure further utilization of the created input must be found. Here, social media [9] or other
communication connections may be successful. Future research on these two cases is needed to investigate ways
to believably ensure stakeholders that their participatory created results are reflected in the final design.

Summarizing, multiple challenges conducting participatory methods with AR and VR might come up, like
needed multifaceted expertise, time-consuming technology designs or the long-term utilization of participatory
results. Challenges that empirical research in conducted participatory methods within transdisciplinary research
will show. However, focusing on these challenges and meeting them accordingly might allow AR and VR to show
its advantages in comparison to other techniques of participatory methods within transdisciplinary research, like
a holistic understanding of future designs in participatory decision or a participatory creation of one’s own future
individually.

A Transdisciplinary Research Process with Empowering Participatory Methods with AR and VR. In this
theoretical overview, multiple advantages and challenges for AR and VR are presented concerning perceived
empowerment and empowering behaviors. This leads to the question how AR and VR can support participatory
methods to increase perceived empowerment and empowering behaviors, and how to meet the mentioned
challenges in transdisciplinary research. Currently, AR and VR are integrated into two primary areas of
participatory methods: participatory decision making and participatory creation (see Chapter 3). Additionally,
participatory methods with VR and AR are either with a person present as a facilitator [8, 34] or without [9]. As
mentioned above, with participatory creation people feel more empowered than with participatory decision-
making. However, the right form of participatory method is not only dependent on the maximum level of
empowerment but also on the context, stakeholder and outcome [29]. Hence, an exemplary transdisciplinary
research process with possible participatory methods with AR and VR will be presented here:

According to Lang and colleagues [1], a transdisciplinary research process starts with framing collaboratively
the research problem. Dependent on the broadness of the research problem, VR in connection with Al could
support here the transdisciplinary research framing by giving stakeholders the opportunity to not only describe
current existing problems but also design them in VR, similar to Bussel and colleagues [35]. Hence,
transdisciplinary researchers and other stakeholders could get a deeper understanding of the problem, as Ma and
colleagues [51] mentioned in their research. This might especially increase self-efficacy and following
empowering behaviors.

In case of location-based problems, such as urban planning [2, 3, 31], a connection of GPS and other location
data systems [54, 55] with AR might bring the problem designed with Al and visualized by the stakeholders
together with its direct location. Stakeholders could conduct this location-based problem search with AR



independently of a facilitator as a person, similar to Saimannshausen and colleagues [9]. This possibility for
asynchronous and convenient problem finding might increase motivation to control and empowering behaviors.
Such independent participation requires an easy understanding of the AR application. It needs to be able to lead
participating stakeholders through the participatory task individually. Important is here to accommodate citizens’
wish for a contact person to talk to as van Leeuwen and colleagues [8] found. Hence, the technology needs to take
upon the role of the facilitator. In addition, if the AR app also shows a direct contact to actors in power, and how
the results of the asynchronous participatory method contribute to the general transdisciplinary research, it might
increase especially motivation to control and self-efficacy without losing the influence of the facilitator role in
transdisciplinary research. Summarizing, in the collaborative framing phase relevant societal problems might be
found sufficiently via VR and AR. Hence, stakeholders might perceive empowerment as well as show
empowering behaviors through participatory methods with AR and VR in this early transdisciplinary research
stage.

After collaborative framing the research problem, the transdisciplinary research team generates co-creatively
knowledge to find solutions for their research problem [1]. Here, AR and VR can support participatory creation.
In case of urban future planning, a drag-and-drop system of prepared virtual objects connected with location-data
could allow the design of new futures without quality reduction similar to Samannshausen and colleagues [9].
In connection with Al stakeholders could even create these virtual objects on their own analogous to Bussel and
colleagues [35], allowing a higher level of motivation to control. To accommodate the concern of laypeople’s lack
of expertise [59], transdisciplinary researchers could start such asynchronous participatory solution creation by
in-situ workshops. In such a workshop, stakeholders could experience solutions in other contexts in VR, such as
nature-based solutions of other cities, as well as get a further holistic understanding by presenting the current
situation including its constraints in VR, as Ma and colleagues [51] did. In connection to PE, such forms of
utilization of AR and VR as part of participatory methods might increase perceived empowerment and
empowering behaviors.

In the last phase of a transdisciplinary research process, the co-created solutions need implementation into the
scientific and real-world [1]. Here, AR and VR may specifically support with participatory decision-making.
Similar to van Leeuwen and colleagues [8] decisions between multiple design options may be holistically made
if experienced in VR. As mentioned above, VR already had an influence on simulated voting behavior because of
the immersive experience amongst others [44]. Hence, perceived empowerment and empowering behaviors might
increase, as long as above mentioned aspects like the concern of citizens’ lack of expertise [59] are sufficiently
accommodated.

Future research should investigate in all phases of transdisciplinary research how AR and VR can support
participatory methods accordingly. Especially, empirical studies should bring systematic insights on the different
aspects of perceived empowerment (intrapersonal component of PE [24]) and empowering behaviors (behavioral
component of PE [24]). Empirical studies with qualitative, such as semi-structured interviews of participating
citizens, and quantitative data collection, including validated questionnaires (see Cyril and colleagues [66] and
Nordink and colleagues [67] for systematic literature reviews on empowerment measures) could answer questions
regarding perceived empowerment. For empowering behaviors, additionally quantitative data of participating
stakeholders like the amount of people or number of different results could increase the current research
knowledge. With qualitative research, the quality of outcomes of participatory methods in transdisciplinary
research could enlighten the effect of AR and VR in transdisciplinary research.

In conclusion, this theoretical overview searched for potential and challenges of AR and VR as part of
participatory methods regarding perceived empowerment and empowering behaviors in transdisciplinary
research. Potential for perceived empowerment might be the holistic and immersive experience as well as virtual
creation of future designs. In combination with Al and social media, AR and VR might bring a level of quality
and importance into stakeholders’ designs, which might enable empowering behaviors — especially for laypeople.
One challenge of AR and VR as part of participatory methods for perceived empowerment is the further utilization
of created results. In addition, citizens’ potential lack of expertise need appropriate consideration. For empowering
behaviors, practical challenges might exist, such as lack of time in transdisciplinary research and a possible
requirement of a multifaceted skill set to conduct successful participatory methods with AR and VR. With
focusing on how to meet these challenges, future research might overcome them and reveal the fully potential of
AR and VR in participatory methods in transdisciplinary research.



References

10.

11.
12.

13.

14.

15.

16.
17.

18.

19.

20.

21.

22.

. Lang, D.J., Wiek, A., Bergmann, M., Stauffacher, M., Martens, P., Moll, P., Swilling, M., Thomas, C.J.: Transdisciplinary

research in sustainability science: practice, principles, and challenges. Sustain Sci (2012). https://doi.org/10.1007/s11625-
011-0149-x

Bergmann, M., Schépke, N., Marg, O., Stelzer, F., Lang, D.J., Bossert, M., Gantert, M., HauBler, E., Marquardt, E.,
Piontek, F.M., Potthast, T., Rhodius, R., Rudolph, M., Ruddat, M., Seebacher, A., Sumann, N.: Transdisciplinary
sustainability research in real-world labs: success factors and methods for change. Sustain Sci (2021).
https://doi.org/10.1007/s11625-020-00886-8

. Defila, R., DiGiulio, A.: Reallabore als Quelle fiir die Methodik transdisziplinidren und transformativen Forschens. eine

Einfiihrung. In: Defila, R., DiGiulio, A. (eds.) Transdisziplindr und transformativ forschen: Eine Methodensammlung, pp.
9-35. Springer Nature (2018).

Busse, M., Zscheischler, J., Zoll, F., Rogga, S., Siebert, R.: Co-design approaches in land use related sustainability science
— A systematic review. Land Use Policy (2023). https://doi.org/10.1016/j.landusepol.2023.106623

. Zamenopoulos, T., Alexiou, K.: Co-Design As Collaborative Research. In: Facer, K., Dunleavy, K. (eds.) Connected

Communities Foundation Series. University of Bristol/AHRC Connected Communities Programme, Bristol (2018).
Kriitli, P., Stauffacher, M., Fliieler, T., Scholz, R.W.: Functional-dynamic public participation in technological decision-
making: site selection processes of nuclear waste repositories. Journal of Risk Research (2010).
https://doi.org/10.1080/13669871003703252

Defila, R., Di Giulio, A.: Methodische Gestaltung transdisziplindrer Workshops. In: Niederberger, M., Wassermann, S.
(eds.) Methoden der Experten- und Stakeholdereinbindung in der sozialwissenschaftlichen Forschung, pp. 69-93.
Springer Fachmedien Wiesbaden, Wiesbaden (2015).

van Leeuwen, J.P., Hermans, K., Jylhd, A., Quanjer, A.J., Nijman, H.: Effectiveness of Virtual Reality in Participatory
Urban Planning: A Case Study. In: Proceedings of the 4th Media Architecture Biennale Conference, pp. 128-136.
Association for Computing Machinery, New York, NY, USA (2018). https://doi.org/10.1145/3284389.3284491
SaBmannshausen, S.M., Radtke, J., Bohn, N., Hussein, H., Randall, D., Pipek, V.: Citizen-Centered Design in Urban
Planning: How Augmented Reality can be used in Citizen Participation Processes. In: Ju, W., Oehlberg, L., Follmer, S.,
Fox, S., Kuznetsov, S. (eds.) Designing Interactive Systems Conference 2021. DIS '21: Designing Interactive Systems
Conference 2021, Virtual Event USA, 28 06 2021 02 07 2021, pp. 250-265. ACM, New York, NY, USA (2021).
https://doi.org/10.1145/3461778.3462130

Parodi, O., Steglich, A.: Reallabor. In: Schmohl, T., Philipp, T. (eds.) Handbuch Transdisziplindre Didaktik, vol. 1.
Hochschulbildung: Lehre und Forschung, pp. 255-266. transcript Verlag, Bielefeld, Germany (2021).

Pohl, C.: From Transdisciplinarity to Transdisciplinary Research. TIES (2010). https://doi.org/10.22545/2010/0006
Mobjork, M.: Consulting versus participatory transdisciplinarity: A refined classification of transdisciplinary research.
Futures (2010). https://doi.org/10.1016/j.futures.2010.03.003

Meyer-Soylu, S., Parodi, O., Trenks, H., Seebacher, A.: Das Reallabor als Partizipationskontinuum. TATuP (2016).
https://doi.org/10.14512/tatup.25.3.31

Iniesto, F., Charitono, K., Littlejohn, A.: A review of research with co-design methods in health education. Open
Education Studies (2022). https://doi.org/10.1515/edu-2022-0017

Kurzhals, K., Uude, K., Sormani, E., Chak, C.M., Banze, M.: Das Co-Creation Toolbook. Springer Fachmedien
Wiesbaden, Wiesbaden (2022).

Héder, M.: Delphi-Befragungen. Springer Fachmedien Wiesbaden, Wiesbaden (2014).

Imottesjo, H., Kain, J.-H.: The Urban CoCreation Lab - An Integrated Platform for Remote and Simultaneous
Collaborative Urban Planning and Design through Web-Based Desktop 3D Modeling, Head-Mounted Virtual Reality and
Mobile Augmented Reality: Prototyping a Minimum Viable Product and Developing Specifications for a Minimum
Marketable Product. Applied Sciences (2022). https://doi.org/10.3390/app12020797

Orr, N., Matthews, B., See, Z.S., Burrell, A., Day, J., Seengal, D.: Transdisciplinarity in extended reality (XR) research
design: Technological transformation and social good (co-creation session at XR + Creativity Symposium, University of
Newcastle, 2020). Virtual Creativity (2021). https://doi.org/10.1386/ver_00048 1

Rieger, J., Straburger, G.: Warum Partizipation wichtig ist. Selbstverstdndnis und Auftrag sozialer Berufe. In:
Strafburger, G., Rieger, J. (eds.) Partizipation kompakt. Fiir Studium, Lehre und Praxis sozialer Berufe (S. 12-39), pp.
41-49. Weinheim: Beltz Juventa (2014).

Das Beete und Bienen-Team: Beete und Bienen. In der Oststadt summt und bliiht es. Alles hdngt zusammen: Pflanzen,
Bienen, Menschen! In: Quartier Zukunft (Hrsg.), Parodi, O., Trenks, H., Waitz, C., Meyer-Soylu, S., Seebacher, A., Quint,
A. (eds.) Dein Quartier und Du — Nachhaltigkeitsexperimente im Reallabor zu Nachbarschaften, Bienen, Naschbeeten,
Kreativitit und Konsum, pp. 161-181. KIT Scientific Publishing (2020).

Zimmerman, M.A.: Empowerment Theory. In: Rappaport, J., Seidman, E. (eds.) Handbook of Community Psychology,
pp. 43—63. Springer US, Boston, MA (2000).

Miguel, M.C., Ornelas, J.H., Maroco, J.P.. DEFINING PSYCHOLOGICAL EMPOWERMENT CONSTRUCT:
ANALYSIS OF THREE EMPOWERMENT SCALES. J. Community Psychol. (2015).
https://doi.org/10.1002/jcop.21721


https://doi.org/10.1007/s11625-011-0149-x
https://doi.org/10.1007/s11625-011-0149-x
https://doi.org/10.1007/s11625-020-00886-8
https://doi.org/10.1080/13669871003703252
https://doi.org/10.1145/3284389.3284491
https://doi.org/10.1145/3461778.3462130
https://doi.org/10.22545/2010/0006
https://doi.org/10.1016/j.futures.2010.03.003
https://doi.org/10.14512/tatup.25.3.31
https://doi.org/10.1515/edu-2022-0017
https://doi.org/10.3390/app12020797
https://doi.org/10.1386/vcr_00048_1
https://doi.org/10.1002/jcop.21721

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Rappaport, J.: Terms of empowerment/exemplars of prevention: toward a theory for community psychology. American J
of Comm Psychol (1987). https://doi.org/10.1007/BF00919275

Zimmerman, M.A.: Psychological empowerment: issues and illustrations. American J of Comm Psychol (1995).
https://doi.org/10.1007/BF02506983

Schmidt, L., Domptail, S., Gruber, M., Klintenberg, P., Schmiedel, U., Zimmermann, 1., Falk, T.: Transdisciplinary
research and stakeholder involvement. A review of the TFO approach. Biodivers. Ecol. (2013). https://doi.org/10.7809/b-
¢.00275

Parodi, O., Steglich, A.: Reallabor. Handbuch Transdisziplindre Didaktik (2021). https://doi.org/10.25656/01:27663
Bergold, J., Thomas, S.: Partizipative Forschung. In: Mey, G., Mruck, K. (eds.) Handbuch qualitative Forschung in der
Psychologie, pp. 333-344. Springer (2010).

SpieBB, E.: Aktionsforschung. In: Rosentiel, L. von, Hockel, C.M., Molt, W. (eds.) Handbuch der angewandten
Psychologie. Grundlagen, Methoden, Praxis, 1994th edn., 1-8. ecomed, Landsberg/Lech (1994).

Creighton, J.L.: The public participation handbook: Making better decisions through citizen involvement. John Wiley &
Sons (2005).

Karrenbrock, A., Brendel, L., Popplow, L., Varney, V.: Acknowledging tacit knowledge: Outlining participatory
workshops in a human-centered design process. In: Human Interaction and Emerging Technologies (IHIET-AI 2024):
Artificial Intelligence and Future Applications. Human Interaction and Emerging Technologies (IHIET-AI 2024), April
25-27,2024. AHFE International (2024). https://doi.org/10.54941/ahfe1004550

Arlati, A., Rodl, A., Kanjaria-Christian, S., Knieling, J.: Stakeholder Participation in the Planning and Design of Nature-
Based Solutions. Insights from CLEVER Cities Project in Hamburg. Sustainability (2021).
https://doi.org/10.3390/5u13052572

Zimmerman, M.A., Israel, B.A., Schulz, A., Checkoway, B.: Further explorations in empowerment theory: An empirical
analysis of psychological empowerment. American J of Comm Psychol (1992). https://doi.org/10.1007/BF01312604
Speer, P.W.: Intrapersonal and interactional empowerment: Implications for theory. J. Community Psychol. (2000).
https://doi.org/10.1002/(SICI)1520-6629(200001)28:1%3C51:AID-JCOP6%3E3.0.CO;2-6

Hunter, M.G., Soro, A., Brown, R.A., Harman, J., Yigitcanlar, T.: Augmenting Community Engagement in City 4.0:
Considerations for Digital Agency in Urban Public Space. Sustainability (2022). https://doi.org/10.3390/su14169803
Bussell, C., Ehab, A., Hartle-Ryan, D., Kapsalis, T.: Generative Al for Immersive Experiences: Integrating Text-to-Image
Models in VR-Mediated Co-design Workflows. In: Stephanidis, C., Antona, M., Ntoa, S., Salvendy, G. (eds.) HCI
International 2023 Posters, vol. 1836. Communications in Computer and Information Science, pp. 380-388. Springer
Nature Switzerland, Cham (2023).

Bhardwaj, P., Joseph, C., Bijili, L.: Ikigailand: Gamified Urban Planning Experiences For Improved Participatory
Planning. In: IndiaHCI 20: Proceedings of the 11th Indian Conference on Human-Computer Interaction. IndiaHCI 2020:
11th Indian Conference on Human-Computer Interaction, Online India, 05 11 2020 08 11 2020, pp. 104-108. ACM, New
York, NY, USA (2020). https://doi.org/10.1145/3429290.3429302

Muehlhaus, S.L., Eghtebas, C., Seifert, N., Schubert, G., Petzold, F., Klinker, G.: Game.UP: Gamified Urban Planning
Participation Enhancing Exploration, Motivation, and Interactions. International Journal of Human—Computer Interaction
(2023). https://doi.org/10.1080/10447318.2021.2012379

Simonofski, A., Johannessen, M.R., Stendal, K.: Extended reality for citizen participation: A conceptual framework,
systematic review and research agenda. Sustainable Cities and Society (2024). https://doi.org/10.1016/].scs.2024.105692
Coltekin, A., Lochhead, I., Madden, M., Christophe, S., Devaux, A., Pettit, C., Lock, O., Shukla, S., Herman, L., Stachon,
Z., Kubicek, P., Snopkova, D., Bernardes, S., Hedley, N.: Extended Reality in Spatial Sciences: A Review of Research
Challenges and Future Directions. IJGI (2020). https://doi.org/10.3390/ijgi9070439

Andrews, C., Southworth, M.K., Silva, J.N.A., Silva, J.R.: Extended Reality in Medical Practice. Current treatment
options in cardiovascular medicine (2019). https://doi.org/10.1007/s11936-019-0722-7

Milgram, P., Takemura, H., Utsumi, A., Kishino, F.: Augmented reality: a class of displays on the reality-virtuality
continuum. In: Das, H. (ed.) Telemanipulator and Telepresence Technologies. Photonics for Industrial Applications,
Boston, MA, Monday 31 October 1994, pp. 282-292. SPIE (1995). https://doi.org/10.1117/12.197321

Wohlgenannt, I., Simons, A., Stieglitz, S.: Virtual Reality. Bus Inf Syst Eng (2020). https://doi.org/10.1007/s12599-020-
00658-9

Carmigniani, J., Furht, B.: Augmented Reality: An Overview. In: Furht, B. (ed.) Handbook of Augmented Reality, pp. 3—
46. Springer New York, New York, NY (2011).

Weber, W., Dingerkus, F., Fabrikant, S.I., Zampa, M., West, M., Yildirim, O.: Virtual Reality as a Tool for Political
Decision-Making? An Empirical Study on the Power of Immersive Images on Voting Behavior. Front. Commun. (2022).
https://doi.org/10.3389/fcomm.2022.842186

Allen, M., Regenbrecht, H., Abbott, M.: Smart-phone augmented reality for public participation in urban planning. In:
Stevenson, D. (ed.) Proceedings of the 23rd Australian Computer-Human Interaction Conference. OzCHI'11: The Annual
Meeting of the Australian Special Interest Group for Computer Human Interaction, Canberra Australia, 28 11 2011 02 12
2011, pp. 11-20. ACM, New York, NY, USA (2011). https://doi.org/10.1145/2071536.2071538

Bailenson, J.: Experience on demand: What virtual reality is, how it works, and what it can do. WW Norton & Company
(2018).


https://doi.org/10.1007/BF00919275
https://doi.org/10.1007/BF02506983
https://doi.org/10.7809/b-e.00275
https://doi.org/10.7809/b-e.00275
https://doi.org/10.25656/01:27663
https://doi.org/10.54941/ahfe1004550
https://doi.org/10.3390/su13052572
https://doi.org/10.1007/BF01312604
https://doi.org/10.1002/(SICI)1520-6629(200001)28:1%3C51:AID-JCOP6%3E3.0.CO;2-6
https://doi.org/10.3390/su14169803
https://doi.org/10.1145/3429290.3429302
https://doi.org/10.1080/10447318.2021.2012379
https://doi.org/10.1016/j.scs.2024.105692
https://doi.org/10.3390/ijgi9070439
https://doi.org/10.1007/s11936-019-0722-7
https://doi.org/10.1117/12.197321
https://doi.org/10.1007/s12599-020-00658-9
https://doi.org/10.1007/s12599-020-00658-9
https://doi.org/10.3389/fcomm.2022.842186
https://doi.org/10.1145/2071536.2071538

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Fisher, J.A., Garg, A., Singh, K.P., Wang, W.: Designing intentional impossible spaces in virtual reality narratives: A
case study. In: 2017 IEEE Virtual Reality (VR). 2017 IEEE Virtual Reality (VR), Los Angeles, CA, USA, 18.03.2017 -
22.03.2017, pp. 379-380. IEEE (2017). https://doi.org/10.1109/VR.2017.7892335

Miitterlein, J.: The three pillars of virtual reality? Investigating the roles of immersion, presence, and interactivity.
09981331 (2018).

Luo, J., Liu, P., Cao, L.: Coupling a Physical Replica with a Digital Twin: A Comparison of Participatory Decision-
Making Methods in an Urban Park Environment. ISPRS International Journal of Geo-Information (2022).
https://doi.org/10.3390/1jgi11080452

van Leeuwen, J.P., Hermans, K., Quanjer, A.J., Jylhd, A., Nijman, H.: Using virtual reality to increase civic participation
in designing public spaces. In: Proceedings of the 16th international conference on World Wide Web (ECDGOCO18),
pp. 230-239 (2018).

Ma, Y., Wright, J., Gopal, S., Phillips, N.: Seeing the invisible: From imagined to virtual urban landscapes. Cities (2020).
https://doi.org/10.1016/j.cities.2019.102559

Arnstein, S.R.: A ladder of citizen participation. Journal of the American Institute of planners 35, 216-224 (1969).
Hunter, M.G.: Passive Participatory Systems. Unpacking Personal Participation. Doktorarbeit, Queensland University of
Technology (2023).

Postert, P., Wolf, Anna E. M., Schiewe, J.: Integrating Visualization and Interaction Tools for Enhancing Collaboration
in Different Public Participation Settings. ISPRS International Journal of Geo-Information (2022).
https://doi.org/10.3390/ijgi11030156

Ahmadi Oloonabadi, S., Baran, P.: Augmented reality participatory platform: A novel digital participatory planning tool
to engage under-resourced communities in improving neighborhood walkability. Cities (2023).
https://doi.org/10.1016/j.cities.2023.104441

Seebacher, A., Alcantara, S., Quit, A.: Der Partizipationsmythos "Partizipation bedeutet, alle immer an allen zu
beteiligen". In: Defila, R., DiGiulio, A. (eds.) Transdisziplindr und transformativ forschen: Eine Methodensammlung, pp.
101-104. Springer Nature (2018).

Strafburger, G., Rieger, J.: Bedeutung und Formen der Partizipation — Das Modell der Partizipationspyramide. In:
Strafburger, G., Rieger, J. (eds.) Partizipation kompakt. Fiir Studium, Lehre und Praxis sozialer Berufe (S. 12-39), pp.
12-39. Weinheim: Beltz Juventa (2014).

Riger, S.: What's wrong with empowerment. American J of Comm Psychol (1993). https://doi.org/10.1007/BF00941504
Fegert, J., Pfeiffer, J., Peukert, C., Golubyeva, A., Weinhardt, C.: Combining e-Participation with Augmented and Virtual
Reality: Insights from a Design Science Research Project. In: ICIS 2020 Proceedings, vol. 4 (2020).

Basirat Oyalowo: Reconceptualizing stakeholders and decentering collaborations: reflections from the Lagos housing
sector. In: Handbook of Transdisciplinarity: Global Perspectives, pp. 474-491. Edward Elgar Publishing (2023).

Jerald, J.: The VR book: Human-centered design for virtual reality. Morgan & Claypool (2015).

Saredakis, D., Szpak, A., Birckhead, B., Keage, H.A.D., Rizzo, A., Loetscher, T.: Factors Associated With Virtual Reality
Sickness in Head-Mounted Displays: A Systematic Review and Meta-Analysis. Frontiers in human neuroscience (2020).
https://doi.org/10.3389/fnhum.2020.00096

Wanner, M., Forster, A., Brings, L., Kockler, H., Egermann, M., Hampe, C., Noltemeyer, S., Strehle, 1.: Call for a
Trialogue for Spatial Transformation: From Project Partnerships to a Strategic Field of Learning and Action. Pnd -
rethinking planning 2022(1), 228-252 (2022). special issue: "Transformatives Forschen trifft Stadtentwicklung :
Einfiihrung und Reflexion / herausgegeben von Laura Brings, Lea Fischer, Agnes Forster und Fee Thissen" / pages 228-
252 (2022). https://doi.org/10.18154/RWTH-2022-05190

Sanders, E.B.-N., Stappers, P.J.: Co-creation and the new landscapes of design. Co-design 4, 5-18 (2008).

Varney, V., Brendel, L.: Enabling Engineering Responsibility: Challenge-Based Learning and Co-creation in Engineering
Education. In: Auer, M.E., Langmann, R., Tsiatsos, T. (eds.) Open Science in Engineering, vol. 763. Lecture Notes in
Networks and Systems, pp. 1033—1042. Springer Nature Switzerland, Cham (2023).

Cyril, S., Smith, B.J., Renzaho, A.M.N.: Systematic review of empowerment measures in health promotion. Health
promotion international (2016). https://doi.org/10.1093/heapro/dav059

Noordink, T., Verharen, L., Schalk, R., van Eck, M., van Regenmortel, T.: Measuring Instruments for Empowerment in
Social Work: A Scoping Review. The British Journal of Social Work (2021). https://doi.org/10.1093/bjsw/bcab054


https://doi.org/10.1109/VR.2017.7892335
https://doi.org/10.3390/ijgi11080452
https://doi.org/10.1016/j.cities.2019.102559
https://doi.org/10.3390/ijgi11030156
https://doi.org/10.1016/j.cities.2023.104441
https://doi.org/10.1007/BF00941504
https://doi.org/10.3389/fnhum.2020.00096
https://doi.org/10.18154/RWTH-2022-05190
https://doi.org/10.1093/heapro/dav059

