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Abstract—This paper addresses the lack of social and 

cultural inclusion in the design of systems and products based 

on emerging technologies. Through a review of existing design 

processes, and focusing on Virtual Reality (VR) and Indigenous 

Peoples as examples, we conclude that existing design 

approaches for such technologies are not socially and culturally 

inclusive, don’t consider users as a community with its protocols 

and knowledge, and are not suitable for marginalized groups 

such as Indigenous Peoples. Through a collaborative project 

aiming at a prototype VR gathering place for Indigenous 

communities, we investigate the needs and concerns of 

community members and propose a framework consisting of a 

new information system model and its design process. We refer 

to this framework as Indigenous Technology Empowerment 

Model (ITEM), which is implemented using a hierarchical 

community involvement approach and elements we call 

Participatory Action Unit (PAU). Our prototype development 

follows this framework, and a qualitative analysis of community 

participation shows the initial success of our approach in 

empowering the communities to play an active role in the design 

process and identify the important technical features to be 

worked on. Our research also identifies proper community 

training as an essential component of a community-based design 

process. 

Keywords—technology, virtual reality, community, 

indigenous, design, model 

I. INTRODUCTION 

Technological advances are driven by a variety of factors, 
such as scientific curiosity, economic development, and social 
needs. The interests, needs, and concerns of different groups 
of people have always influenced technical developments, but 
in many cases, they have been overshadowed by mainstream 
demands, scientific curiosity, and commercial considerations 
[1,2,3]. This is particularly evident and problematic for 
marginalized groups such as Indigenous peoples and other 
racialized communities (ethnic minorities). Emerging 
technologies such as the internet of things (IoT), artificial 
intelligence (AI), augmented/virtual reality (AR/VR), and 
other innovations in information technology (IT) can be 
essential in serving many users. However, the diversity of user 
groups and their specific concerns have frequently been an 
afterthought of technology design, if considered at all, and the 
under-representation of many marginalized groups has 
resulted in design processes and, consequently, products that 
are not inclusive [4]. By inclusion, we refer not only to 
reflecting the needs, opinions, interests, traditions, and 
protocols of all groups, but also to allowing their active 
participation and making sure they benefit from the designed 
products and services.  

While design approaches such as User-Centered and 
Participatory Design (UCD and PD) [5] promote the 

consideration of end users’ needs and concerns or their active 
involvement in the design process, these methodologies are 
not designed for user involvement at the community level. 
Communities have collective knowledge, protocols, and 
concerns that cannot be appropriately included through 
common methods such as user studies and focus groups [6]. 
New efforts to establish community-based research practices 
[6,7] have identified a more systematic approach, full 
engagement, and proper process models as significant 
research gaps, which we discuss in the next section. 

Inspired by recent work to define Indigenous protocols for 
Artificial Intelligence (AI) [8], we aim to define a more 
inclusive and community-based participatory framework for 
the design, development, and use of innovative and emerging 
technologies. These technologies are less known and 
established for various user groups, which acts as a barrier in 
their participation. As an example, we focus on VR 
technology and applications that have unique interactive and 
immersive features making them strong candidates for various 
communication, entertainment, and education purposes 
[9,10,11]. Their role as replacement or addition to physical 
interaction has been particularly emphasized since COVID 
pandemic [12].  

We also illustrate the notion of community-based design 
within the context of the Indigenous Peoples of Canada, who, 
despite increasing attention, have not been empowered to 
design, use, and own technological solutions properly [13]. 
It’s been shown that Indigenous People have specific 
knowledge and protocols that can be essential and helpful in 
technology development [14,15,16]. Indigenous knowledge 
can provide information on what is helpful for Indigenous 
communities and how to develop products and services for 
them. It can also offer novel insights helpful for developing 
products targeting other communities and users. For example, 
early findings of our prototyping and pilot project on a VR 
Gathering Place show that Indigenous communities have a 
much broader understanding of the concept of “place” and 
follow a multi-purpose notion where a space can be used for 
more than one purpose; a meeting place is also an education 
centre and a venue to exhibit art and culture. This notion can 
change the design of VR experiences and the process of 
engineering requirement management. On the other hand, 
Indigenous communities have specific protocols that are 
guidelines for managing relationships with other humans or 
non-humans, such as animals or the environment. These 
protocols manage critical aspects such as respect, authenticity, 
consultation, and ownership that must be considered in a 
community-centred design process. For example, it is 
essential that the community not only benefits from a project 
but also controls the design process and maintains ownership. 
Such a protocol suggests a new design process that involves 



the community at all levels and stages of design and 
development; it requires a more democratic and inclusive 
process and makes training a fundamental aspect of design and 
development. While knowledge and protocols can differ for 
any Indigenous community, they share many principles and 
can be used as guidelines when working with other 
communities. 

Our goal is to investigate technical features, design 
methodologies, and best practices that empower Indigenous 
communities to engage and play an active role in the design, 
development, and deployment processes for VR technology 
and applications. Noting that the affordances of a technology 
do not just depend on its technical features but the abilities and 
interests of potential users to adopt them [10], we aim to 
address the following questions:  

1. What specific concerns, interests, or protocols do these 
groups have for the use of VR? Such protocols can relate 
to ownership, authenticity, presentation, and respect, and 
incorporating them into the design process will lead to a 
wider, more effective, technology adoption and use by 
Indigenous communities and so more social, cultural, and 
economic impacts. 

2. What specific affordances can VR provide for these target 
groups? It is essential to understand which features of the 
technology are in fact, of interest and importance to the 
community, as opposed to cool or curious. 

3. What technical features can be developed to address the 
identified items from questions 1 and 2? This question will 
lead to novel research on technical features that are 
missing but required. 

4. How can existing VR design and development 
methodologies be improved to be more inclusive? Finally, 
this is the main question in this paper, which aims at 
making the design process more inclusive so that the 
community can indeed participate in answering the 
previous questions and building new technologies and 
applications.  

We propose a revised model of information systems [17] 
and a hierarchical community involvement that we refer to as 
the Indigenous Technology Empowerment Model (ITEM). 
Through a prototype development for a VR gathering place, 
we investigate the effectiveness of our proposed framework 
and seek to answer the above research questions.  

International and Canadian VR markets have grown 
significantly in recent years [18]. Understanding how to 
design VR systems in an inclusive way is beneficial to the 
industry and economy as it creates new applications and 
markets, for example, authentic storytelling for Indigenous 
peoples who have very limited presence in this area, mainly 
through a few individual artists [15]. But more importantly, 
such an inclusive design process benefits the society by 
removing systemic barriers that omit certain communities 
from the technology design process. Many initiatives, such as 
the Truth and Reconciliation Commission (TRC) [19] and 
various anti-racism, anti-sexism, and accessibility efforts have 
recommended respectful cooperation toward removing these 
barriers and ensuring inclusion. However, there have been few 
formal and systematic efforts so far to incorporate Indigenous 
and other marginalized communities into the process of 
technology research and development, especially in the 
rapidly growing field of VR. Our research is a step towards 

addressing these shortcomings of inclusivity within this 
rapidly growing sector of VR technologies. Lessons learned 
for inclusive community-based participatory design can be 
further expanded to other countries, communities, and 
emerging technologies. 

II. RELATED WORK 

A. Designing with Users 

To address the issue of user inclusion, methodologies such 
as user-centred design (UCD) and participatory design (PD) 
[5] promote design processes that engage users directly. 
However, while they have been successful in establishing a 
connection between technology developers and users, they do 
not provide specific guidelines for working with communities, 
as opposed to a series of individual users. The target groups 
are commonly defined statistically as those with similar 
demographics but are not necessarily represented as holistic 
entities with group values and characteristics. A paradigm 
shift for looking at users not as a group of individuals but as 
members of a holistic community with its own characteristics 
has been pursued in areas such as community psychology, and 
researchers have suggested generic approaches for co-
production with communities that include interdisciplinarity, 
public value, authenticity, and reflection [13,20].  

Preece [20] proposed the participatory community-centred 
design, a process used primarily for developing online 
communities, rather than engaging existing online 
communities. Lachney et al. [21] introduced the notion of 
community participation in Culturally Responsive Computing 
(CRC) with a focus on education. O’Donnell et al. [13] 
propose a “whole community” approach that discusses 
technology adoption and uses at three levels of 
individual/household, community services/organizations, and 
local infrastructure, as opposed to initiatives such as the 
Technology Acceptance Model (TAM) [22] that are more 
individual-based. The International Indigenous Design 
Charter [16] is an example of introducing specific “protocols 
for sharing Indigenous knowledge in professional design 
practice” [16]. Peters et al. [7] recommended HCI 
practitioners to go beyond participation when working with 
Indigenous Peoples and consider user-led recruitment, user-
led training, and user-led workshops to achieve user-
leadership and empowerment. They do not provide specific 
frameworks and processes to ensure these will happen, 
although their experience and recommendations are 
invaluable. Despite these efforts, there is a lack of theoretical 
models and systematic approaches for empowering 
communities to participate in technology design and 
development. Cooper et al. [6] provide a recent review of 
Community-Collaborative Research (CCA). They identified 
three main groups of concerns: establishing partnership, 
enabling participatory models, and sustaining the results, and 
stated, “the limited involvement of communities in these 
research stages across the included articles suggests a 
systemic disconnect between the theory and the practice of 
CCA” and a lack of community integration at all levels and 
stages of the project. The review had suggestions for future 
research, such as defining communities, facilitating 
contestability, and building from community knowledge and 
practices. A new model that focuses on a process with 
community involvement is in line with these suggestions. 



B. Inclusion in VR 

VR systems offer unique features such as immersion, 
presence, and interactivity plus flexibility (e.g., not 
constrained to physical laws), embodiment, and multimodality 
(ability to combine different media, input methods, and usage 
contexts) [10]. Considered together with different user 
interests and abilities, these features define the potential VR 
affordances to different user groups. These potentials have not 
been fully utilized due to the non-inclusive nature of design 
processes [10].  

The notion of inclusion is starting to be considered in VR 
[4, 23]. A growing effort has been dedicated to making 
general-purpose VR systems more accessible. Dombrowski et 
al. [4] follow the principles of Universal Design [23] and 
propose seven pillars of accessible VR for equitable use, 
flexibility, simplicity and intuitiveness, perceptible 
information, tolerance for error, low physical effort, and size 
and space for use. To address accessibility as a high-priority 
issue, HMD manufacturers are beginning to include certain 
criteria for developers to embed accessibility features into 
their VR applications. However, there are limited academic 
studies on the application and efficacy of these features due to 
their novelty. The ability to customize different aspects of the 
VR experience is one of the main accessibility challenges 
[24], and involving persons with disabilities in the design and 
development process, as opposed to an afterthought, has been 
suggested as an essential step to address these challenges 
[3,24]. 

Munafo et al. [25], in one of the earlier studies about 
gender bias in modern VR technology, stated that “the virtual 
reality head-mounted display Oculus Rift induces motion 
sickness and is sexist in its effects.” A significant number of 
studies have confirmed this and suggested that other examples 
of gender bias exist regarding the sense of presence and 
perceived realism (higher for men) [26], perception of avatar 
[27], learning abilities [28], and attention [29]. LGBTQ+ VR 
users have received much less attention in research and 
development. The primary topic of research in this area is 
related to using VR as a tool for the LGBTQ+ community with 
limited systematic models for community engagement 
[30,31].  

The aging population has also been investigated by VR 
researchers but mostly on how VR technology can enhance 
their well-being. Lee et al. [32] and Soltani [33] are among 
these researchers. VR has also been used as a tool for raising 
awareness about racial issues and increasing empathy towards 
other social groups [34]. But in all these cases, the research 
has been more “for” particular groups, rather than “with” and 
“by” them. The efforts to make VR technology more inclusive 
have mostly focused on making the products inclusive and not 
the design process. 

C. Indigenous Peoples and VR 

Educators around the globe have teamed up with 
Indigenous communities to promote Indigenous cultures but 
also expose Indigenous communities to modern technologies. 
Stanton et al. [35] conducted a case study that evaluates the 
Digital Storywork Partnership (DSP) to advance the goals of 
Indian Education for All (IEFA) from the state of Montana. 
While this study did not introduce anything regarding ICTs, 
the collaboration between the educators and the Indigenous 
population has shed light on a possible way to teach 
Indigenous cultural lessons to the participants. 

The advances in VR hardware and software, combined 
with the increased availability, have made VR an attractive 
solution for creating engaging experiences related to 
Indigenous storytelling and education [15]. While such VR 
applications for and by Indigenous peoples are increasing, 
important questions have remained unanswered, such as how 
to ensure authenticity and ownership. Rodil [36] argues that 
using IT by the community means dealing with a foreign 
design, which suggests the importance of participatory design 
processes. In a recent study, Wallis and Ross [37] discuss an 
Indigenous-centred VR production framework within the 
context of sample projects. They show that existing 
productions present different levels of involvement from 
Indigenous peoples (from user to participating or main 
designer) and repeated trends such as the use of “VR to 
express and realize Indigenous futurism; provide new 
articulations of Indigenous activism, and embody 
connections.” The limited number of participatory VR design 
projects does not allow a proper definition of a design process 
customized for VR experiences with and for Indigenous 
peoples and other ethnic communities.  

Recently developed frameworks for collaborating with 
Indigenous peoples and managing the resulting data, such as 
ownership, control, access, and possession (OCAP) [38]; 
Findable, Accessible, Interoperable, and Reusable (FAIR) 
[39]; and Collective benefit, Authority to control, 
Responsibility, and Ethics (CARE) [40], are starting to appear 
in data-heavy subjects like AI [8] but have not been 
considered within the context of interactive technologies like 
VR with special features such as immersion, presence, and 
interactivity. While the notion of inclusion is starting to be 
considered in VR [4, 23], it is mostly focused on accessibility 
[24] and gender bias [2], and ethnic/cultural communities are 
commonly subjects or users of these projects [34,41]. A 
dedicated design process and novel technical features that are 
specifically of interest to different communities, especially 
Indigenous Peoples (such as control of the level of presence, 
VR asset management, multi-purpose design, and 
collaboration) are new concepts that our research investigates. 
Further research is required to not only design new VR 
experiences, but also (1) define a new participatory design 
process and framework for VR that is inclusive of Indigenous 
Peoples, and (2) investigate technical features to support such 
experiences. 

III. RESEARCH APPROACH 

A. Overview 

Our literature review showed that there is a clear research 
gap related to how VR can be helpful for Indigenous 
communities, what technical features will be of interest, and 
what process models will empower the communities to 
participate in the technology design and development. We 
identified that proper community participation in a design 
process involves multiple requirements: 

1. community presence at all levels and tasks from 
management to evaluation 

2. commitment to follow community protocols 

3. investigating necessary technical features  

Based on these requirements, in partnership with an 
Indigenous organization, and inspired by research on 
hierarchies of engagement and understanding [42], we 
proposed a hierarchical community-based VR design and 



development approach. This hierarchy forms a pyramid of 
community involvement with an increasing number of 
members as we descend. It involves the community in three 
levels: (1) management and planning, (2) research and 
development, and (3) evaluation. Community leaders and 
elders have an active role in level 1. Level 2 is formed around 
the Participatory Action Unit (PAU), which includes 
academic, industry, and community members working on 
specific tasks such as creating a prototype, designing a sub-
system, or investigating a new feature. Any project is made of 
multiple PAUs, which can do research design, or 
development. Level 3 includes community members and other 
potential users involved in user studies and the open use of 
developed products. This hierarchical structure follows an 
iterative process of cycles with brainstorming/planning, 
design/development, and open-use evaluation by the 
community at large. The process not only designs and 
develops a VR experience incrementally, but also gives the 
community an opportunity to constantly monitor the process 
and generate new ideas for technical features to be 
investigated and added.   

To investigate the effectiveness of this model, we 
identified a VR gathering place as a prototype experience that 
can be helpful for Indigenous communities and at the same 
time be suitable as a test bed for our proposed model. 
Following our model, we hoped to answer the following 
research questions: 

1. How effective is the proposed model in empowering the 
community to lead the design process? 

2. What are specific community concerns and interests 
regarding VR? 

3. What are specific technical features that are missing in 
order to address the items identified in question 2 and 
facilitate the proposed model? 

B. Method 

We used a qualitative participatory action research model 
[43] to answer the research questions. We also planned a 
follow-up phase to work on the design, development, and 
evaluation of the technical features identified in response to 
question 3, but that phase is beyond the scope of this paper. 

In consulting with our partner, Indigenous Culture and 
Media Innovations (ICMI), the university-based research team 
decided to create a VR-based meeting place that authentically 
represents an Indigenous environment. Our initial 
brainstorming showed that Indigenous Peoples commonly use 
space for multiple purposes; a gathering can be for 
collaboration or decision-making but can also be educational 
or ceremonial. As such, the virtual meeting room includes 
three major themes: a “circular” room to represent the notion 
of the circle of gathering, various exhibition and presentation 
facilities, and separate spaces for smaller groups. 

For creating such a gathering place, we followed our 
proposed hierarchical model with the Director of the partner 
organization and an elder participating in the project 
leadership together with a university professor who 
specializes in VR. Due to the small scope of our prototype and 
our logistic limitations, we formed only one Participatory 
Action Unit (PAU) as an example, and with two community 
members and two university research assistants. Finally, we 
recruited community members for evaluation. PAU went 
through an iterative process where the design features were 

evaluated and discussed by the PAU members and the project 
leadership. Notes were taken through all group meetings for 
qualitative analysis to collect insights in addition to the 
community evaluation. 

The evaluation was done through open access to the first 
version of the gathering place prototype by the volunteers 
from different Indigenous communities recruited by the 
partner organization for this purpose. Participants used the 
prototype and discussed it through written feedback and 
interviews which were later coded and underwent thematic 
analysis. 

Our data collection was qualitative through observation, 
discussion, and interview, followed by emergent coding [44] 
for members of the research team, and written open-ended 
feedback and interview for community participants, followed 
by an abductive theory elaboration analysis [45], as detailed 
in Section IV.A.  

The methodology was approved by the university research 
ethics board. The next section provides details on models, 
tools, and materials used for research. 

C. Models and Instruments 

Following Technology Acceptance Model (TAM) [22], 
we considered perceived usefulness and perceived ease of use 
as two parameters that can contribute to the acceptance of the 
VR technology and the particular prototype we were 
developing. We used Participatory Design [5] as our initial 
design approach to increase both of those two parameters, but 
extended and contextualized it to our hierarchical framework 
that we hoped would engage our target group not just as users 
but empowered participants. Finally, we used Zhang & 
Benjamin’s model of information systems [17] as a basis for 
categories of concerns and needs to consider when analyzing 
the collected data, as discussed under Findings. 

 

Fig. 1. Information Model (I-Model) by Zhang and Benjamin [17] 

To design the VR experience, we followed a series of 
brainstorming on various visual and functional aspects of the 
multi-purpose environment, as shown in Fig. 2. Our 
collaborative approach was based on existing guidelines such 
as Indigenous Design Charter [16] and recommendations by 
Peters et al. [7] (user-led recruitment, training, and 
workshops), as implemented through our proposed hierarchy. 
To develop and deploy the prototype system, we used a 
WebXR-based educational VR framework developed earlier 
by our research team [46]. We chose a web-based framework 
to offer the most flexibility and multi-platform options. 
Development was done in Javascript using Three.js and A-
Frame. VR environment screenshots are shown in Fig. 3. 



 

 

Fig. 2. Design Elements 

 

Fig. 3. VR Environment 

For the purpose of this paper, our goal was not to create a 
fully functional VR gathering place, but to investigate the 
design process through an early prototype. As such, our 
environment supported a single-user experience with 
navigation, interaction with exhibited 2D ad 3D artefacts to 
get more information, starting and watching videos, and 
accessing PDF/image presentations. 

To collect insights from our PAU members and 
community participants, we used the following questions as 
conversation starters: 

1. What potential applications do you see for using VR for 
Indigenous communities? Virtual meetings, exhibitions, 
education and training, etc.  

2. What specific needs or constraints do you think should be 
considered? Protocols, traditions, etc. 

3. How useful can the gathering place prototype and its future 
developments be for Indigenous applications?  

4. What technical features would you add to the prototype? 
Different forms of avatar presence, connection or moving 
to other online and VR resources, different ways of 
collaborating with others, etc. 

5. How do you think the community members should be 
involved in the design of this and other VR applications 
for Indigenous communities? 

D. Experiment 

Our experiment to collect data and answer our three 
research questions was divided into two parts: (1) prototype 
development, where we observed and collected data from the 
Indigenous members of the research team (n=4) through 
interview and observational note-taking, and (2) open-to-
community evaluation where we made the prototype available 
to community members to use at their own convenient time, 
trying all the available features, and then offer written or in 
oral feedback (n=6).   

The research team followed an iterative process involving 
brainstorming, development, and internal evaluation, for 
about six months. PAU members constantly met with the 
project leadership, took notes of the process, and documented 
all design decisions. 

The participants were recruited after the prototype was in 
a stable state. They evaluated and provided feedback in an 
open format and over a three-month period. They were 
encouraged to use mobile, head-mounted, and desktop 
platforms to interact with the system. They were offered the 
option of online interview or written feedback at the end of 
their evaluation. 

IV. FINDINGS 

A. Data Collection and Analysis 

Observing and interviewing the Indigenous members of 
the research team were our first sources for data collection. 
Our initial brainstorming showed the importance of a multi-
purpose environment, a circular shape, and the ability to 
showcase artworks and other cultural artefacts. These were 
used as the basis for our gathering place prototype. 
Throughout the 6-month design and development, the 
research team met bi-weekly, took notes, and documented all 
design discussions, following a memoing-style data collection 
[47]. At the end of this period, we interviewed all Indigenous 
members of the research team. By analyzing memos and 
interview transcripts using emergent coding [44], various 
themes emerged, which were categorized as Space, 
Customization, Communication and Collaboration, 
Simulation, and Respect, as shown in Table I. 

The second group of data came from community 
participants. Unlike the research team members who were all 
interviewed, all six participants chose to provide detailed 
written feedback. Using Zhang and Benjamin’s model [17], 
the research team used the concepts of Technology, People, 
Society, and Information/Content as starting point of an 



abductive, theory elaboration, and qualitative analysis [45]. 
We started by looking for codes related to these concepts but 
allowed for new concepts to emerge through two rounds of 
coding and comparing the codes with the insight generated by 
the research team. Fig. 4 shows the final codes and themes 
from participants’ data. 

Co-design/Collaboration, Communication, People (User 
and Contributor), Experience, Education, Protocols, and 
Accessibility were the major themes identified by the 
participants, which closely relate to what the research team 
members identified. The theme Experience was a more 
comprehensive term that included what the research team had 
identified as Space and Simulation. This could be more 
generally referred to as Content, although it overlapped with 
the Technology used to deliver the content too. Protocol was 
related to Respect and could be generalized into Process. 

The participants identified the ability to customize based 
on the host nation’s culture as an essential requirement, in 
addition to multi-purpose design and rights management tools. 
New research questions were raised, such as the ability to 
simulate physical activities such as dancing and feasting and 
their possible effect, and the effect of avatar’s transparency 
and interaction level on the VR experience. These were 
examples of how Indigenous knowledge and traditions 
inspired new features or research directions. 

TABLE I.  INSIGHTS FROM THE RESEARCH TEAM 

Themes Specific Points of Interest 

Space Safe space 

Build relationships 

Share ideas, work, art, and knowledge 

Learn 

Circular shape with direction 

Kids room 

Water and journey 

Multi-purpose and multiple connected apps  

Art exhibition 

Personalization & 

Customization 

Avatar appearance 

Transparency of avatars 

Interactivity  

Voice control 

Communication & 

Collaboration 

Chat or voice or emoji 

Meeting rock 

Uploading and interacting with objects 

Working on things together 

Playing games and gamification 

Creating new rooms 

Simulation Feast, breaking bread, feeding and eating and 

smoking etc. 

Dance and other physical activities 

Gifts 

Respect Copyright 

Protocols 

Customization based on the host nation 

 

Fig. 4. Themes and Codes from Participants’ Data  



B. Discussion 

The analysis of our collected data offers initial responses 
to the research questions. 

How effective is the proposed model in empowering the 

community to lead the design process? 

The proposed process allowed the community leaders to play 

a management role while other community members were 

actively involved in the development. While some technical 

aspects of the work (particularly 3D programming) could not 

be done by the Indigenous members, we were able to offer 

training and recruit talents who could participate in the content 

and experience design process. This ensured that the ideas 

behind the prototype were directly from the community and 

not the research team and the community members had access 

to all assets and could control the process. The need for 

training was clearly highlighted in our experience, which we 

felt was not clear in existing theoretical models such as TAM 

or I-Model. Such a training includes various skills from 

programming to 3D modeling/animation and graphic design. 

While user-friendly software development tools are available 

(for example, for games and even VR), most of them have 

limited functionality and may not work with intended VR 

framework such as WebXR. Even with the aid of these visual 

non-technical tools, the users need to understand the concepts 

and have certain related skills, so the need for training remains 

essential. 

What are specific community concerns and interests 

regarding VR? 

As suggested by previous work [35,36,37,41,42], respect to 

community protocols was clearly a significant concern. Many 

visual aspects, designed by non-Indigenous members, were 

corrected, especially to deal with authenticity and artist rights. 

Being able to control the development process and the 

experience itself (by individuals or host nations) was also 

highlighted as an important concern. Involving various 

stakeholders, such as youth and proper education, were among 

other points, as shown in Fig. 4. Overall, we believe the 

prototype was able to take an initial step in answering our 

second research question and identifying priorities.  

What are specific technical features that are missing in order 

to address the items identified in question 2 and facilitate the 

proposed model? 

Our findings identified various technical features that are 

missing or incomplete but required to address the community 

concerns. These features are the basis of our next phase of 

research and include abilities such as experience management 

(from uploading content to linking different experiences 

through a hub), avatar customization (from appearance to the 

level of interaction), simulation of physical activities (such as 

dancing or feasting), and different forms of collaboration. 

Overall, our findings suggest that the existing models for 

technology adoption do not offer enough emphasis on 

process-related concerns such as protocols and 

training/education. On the other hand, separating people and 

society, as seen in I-Model, may ignore the close connection 

of individuals to their communities. As such, we propose a 

new model that together with our hierarchical participation 

approach, we refer to as Indigenous Technology 

Empowerment Model (ITEM), as shown in Fig. 5. 

In this model, the People component represents 
stakeholders and can be at the individual, group, or 
community level. Content represents the user experience 
(actions, information, etc), and Technology is a collection of 
technical tools that make the creation and deployment of that 
experience possible. While these three form the user 
experience, Process is what binds them together and involves 
both developer and user aspects, such as protocols and 
development phases. ITEM more closely matches the 
significant aspects of technology development for Indigenous 
communities, compared to models such as TAM or I-Model, 
as it emphasizes the importance of the underlying process and 
highlights three key aspects of the user experience.  

In particular, by giving Process a key role, ITEM draws 
attention to elements of the design and development process 
particularly: 

• The formation of PAUs and establishing the participation 
hierarchy to ensure an integrated role for the community 
members, 

• Training and education as essential elements that allow the 
above participation. 

Together, these elements will go beyond technology adoption 
and use and empower the community to lead the process and 
own and sustain the outcomes. 

 

Fig. 5. Indigenous Technology Empowerment Model (ITEM) 

Match & Contribution 

Our work contributes to the IEEE TEMS field of interest 
(particularly product design and development and social 
impact) by proposing a more inclusive community-based 
model for technology design, demonstrated through VR for 
Indigenous Peoples. It is in line with the IEEE ICE conference 
theme on Human, Socio-Economic, Political and Cultural 
Dimensions of Emerging Technology, as it investigates a more 
inclusive way of engaging communities with emerging 
technologies. 

V. CONCLUSION 

A. Limitations 

Due to the exploratory nature of the research, we used a 
qualitative approach relying on observations and interviews, 
followed by coding and thematic analysis of the qualitative 
data. While a smaller number of participants is expected in 
such methods, we understand that with only ten Indigenous 
community members and one prototype, our results are still 
preliminary. An increased number of participants and 
implementing some of the requested features will allow us to 
define and collect quantitative metrics that help investigate 



acceptance and use of the technology by target communities. 
Example of these metrics are those defined by TAM (ease of 
use and usefulness) and more objective usability factors such 
as efficiency, and effectiveness. 

Studying and comparing multiple VR applications 
(including generic ones and those not based on the proposed 
process) will result in a more reliable conclusion. Comparing 
our prototype to a generic application could be a good 
indication of the suitability of the proposed process. 

While we tried to train two PAU members, as a small 
prototype, we had limited training abilities, which in turn 
resulted in limited involvement. We assume that more training 
could only strengthen the outcomes of the project. 

We experimented only with VR but generalized ITEM as 
a more comprehensive technology model. While VR is a good 
example, some aspects of our findings, such as simulation, 
could be specific to VR. 

Last but not least, we appreciate the difference between 
academic research projects and professional design or even 
industrial R&D projects. While our project was primarily 
research one, incorporating application development allowed 
us to emulate a more professional/industry project. More 
efforts are needed to investigate ITEM in different types of 
projects and identify possible variations from advanced 
research to product development. 

B. Concluding Remarks 

While there has been criticism of existing design 
approaches due to the focus on individuals, suggesting multi-
user alternatives [48], a community is more than multiple 
members and defines a new holistic entity. Our research aimed 
at investigating a process model that incorporates community-
level knowledge and protocols. Through this investigation, we 
gathered two types of new insights, those that apply to all 
technologies and those that are specific to VR. Our findings 
showed the potential of our proposed community-based 
approach and its related model in better engaging the 
community members in the design and development of 
applications based on VR as an example of emerging 
technologies. Our primary contribution is to offer a novel 
model of community engagement that goes beyond 
participation and allows empowerment [49] for communities 
to not just use but also own and create technology-based 
products and experiences. We also identified a series of 
technical features that are of interest to VR designers who 
work with Indigenous communities. 

The research team learned invaluable lessons on working 
with communities, such as the need to properly train the non-
Indigenous members on Indigenous protocols, to work closely 
with Indigenous partners prior to any decision and not make 
assumptions, and to respect the schedule and timing of partner 
and community organizations and allow for extensions. 

Our work is in line with recent efforts to bring the concepts 
of culture, community, and inclusion into the technology 
design process [50][51]. We extend such initiatives by 
proposing new process models that can formalize the co-
design and go beyond ad-hoc collaborations. 

C. Future Work 

Our research is an early effort toward a new model of 
collaborating with Indigenous communities. While we expect 
that our model can be generalized to other communities, 

further research is needed to establish a more comprehensive 
community-based design process model that incorporates 
variations in target groups. Future work can also aim at 
addressing the limitations by expanding the project to include 
other process models, more VR applications, a larger number 
of PAUs and participants, multiple community partners, and 
non-VR technologies. 

In his book, Designs for the Pluriverse, Arturo Escobar 
[52] builds on other studies, particularly alternatives to the 
dualist ontology as the basis of Western modernity, and 
presents ontological design as “a means to think about, and 
contribute to, the transition from the hegemony of modernity’s 
one-world ontology to a pluriverse of socio-natural 
configurations” and autonomous design as a particular 
approach with the basic insight that “every community 
practices the design of itself.” As such, he promotes the 
definition of local and community ontologies as the basis of 
design. Our idea of incorporating community knowledge and 
protocols in the design process is in line with this ontological 
approach. Our belief in a more pluralistic worldview/ontology 
results in the need for a more inclusive design process, and 
community worldviews/ontologies can contribute to both 
Content and Process components of the proposed model. 
Better theoretical and practical implementation of an 
ontological design approach in our model is another area of 
future research. 

Lastly, efficient ways of providing training and also 
sustaining the developed products (owned by the community 
partners) are other directions for future investigation. 
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