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Abstract— This work-in-progress paper reports preliminary 
findings from surveys, participant observation, and co-design 
discussions with educators and elders of a Native American 
community about how to modify STEM learning activities for 
their unique tribal culture in afterschool settings using immersive 
technology and spatial design. 

Index terms—native american, STEM, virtual reality, culturally 
relevant teaching 

I. INTRODUCTION  
When used in education, technologies such as Virtual 

Reality (VR) and Augmented Reality (AR) have been known to 
facilitate knowledge acquisition and increase the motivation of 
students to pursue Science, Technology, Engineering, and 
Mathematics (STEM) majors and careers [1]. Introducing 
students at an early age to these technologies will prepare them 
for the future workplace. In this paper, we share design based 
research reflections from a summer workshop for after school 
educators from 3 tribal nations. We use a Generative model of 
Culturally Relevant Teaching (CRT) that focuses on developing 
narratives and tools that inform students of cultural idioms 
through space and enable translations into creative architectural 
forms using the immersive nature of VR/AR technology. This 
paper reports findings from an intertribal educator workshop 
that uses the Spiro Mounds of Oklahoma, USA, as the context 
for VR/AR learning. The main research question focused on “In 
what ways can blended cultural learning and technology-rich 
immersive professional development support afterschool 
educator’s abilities to translate Indigenous concepts into creative 
design experiences?” We report preliminary findings from pre-
surveys, participant observation, exit tickets, and co-design 

discussions with elders and educators about how to modify the 
activity for their unique tribal culture and afterschool setting.  

II. DECOLONIZING DIGITAL LANDSCAPE THROUGH EDUCATION 
Research suggests that problem based spatial design 

education using VR/AR can motivate and prepare students for 
Science, Technology, Engineering, and Mathematics (STEM) 
careers [2], [3]. Additionally, VR/AR will be prominent 
technologies in many major STEM industries demanding a new 
set of skills for the emerging STEM workforce. However, while 
there is often inequitable access to Computer-Aided Design 
(CAD) in public schools and indigenous communities in the 
United States, there are also barriers in accessing knowledge 
given the colonized nature of science curricula [4]. Drawing on 
generative design principles, our project aims to design 
curriculum and implement culturally responsive CAD 
instruction for middle school youth and educators at tribal 
afterschool programs. This article reports findings from an 
intertribal educator workshop.  

Digital decolonization refers to the effort to bridge the gap in 
digital practices as a means of limiting inequalities that existed 
in the past. According to [5], “the main feature of the Web 2.0 
and 3.0 eras is moving beyond Digital Information to Digital 
Negotiation and Digital Creation” (p.400). Marginalized groups 
should move from digital recipients to become active 
participants of the digital environment by creating and sharing 
of information that might be particular to their cultural heritage. 
With the era of web 2.0 and 3.0, there is representation of 
indigenous groups in the digital world, however there is still a 
divide in terms of access and representation [6]. To examine the 
divide, we would need to look through the lens of equity to 



examine the gap between what indigenous groups and non-
indigenous people can do and what cannot be done, the 
difference in the access to knowledge (education) and 
technology in schools and home environment, and most 
importantly the influence of culture in education, and its 
influence on the underrepresentation of Native Americans in 
STEM fields [7].  

CRT as a specific pedagogy allows the cultural references, ideas, 
and experiences of students to be an important part of the 
learning process [8]. Presenting science in culturally relevant 
frameworks can increase Native American participation in 
STEM learning and this includes after-school science education 
experiences [9]. Generative models of CRT [10] focus on 
developing narratives that inform students of cultural idioms and 
translates into creative architectural forms through the use of the 
immersive nature of VR/AR technology. These experiential 
learning opportunities can allow the students to explore their 
cultural heritage, develop new milieus that are relevant to their 
generation, and develop an appreciation for technology and its 
capabilities. Literature informs us about some of the 
underutilized systemic strategies that have been documented to 
work with Native American students and their learning 
environments, such as collaborative learning, more inclusive 
and diverse learning environments, and using culturally relevant 
pedagogy, research, and evaluation processes [11]. Therefore, it 
is important to develop content that is culturally relevant and 
embodies the worldview that Native Americans embrace, 
through concepts that are used in daily lives and in a hands-on-
situated learning background.  

III. SPACE AS A GENERATIVE LEARNING CONCEPT 
Space is a central characteristic of all human activity [12]. 

People experience space in different ways and at different 
levels- therefore, space plays a fundamental role in developing 
culture and social connections [13]. Space and its constructs are 
a central theme when discussing any civilization and become a 
visual cue for these ancient cultures. According to Hall’s theory 
of proxemics [14], the way individuals perceive space depends 
on their cultural background. Space is a function of an 
individual’s culture and it is possible to express cultural 
characteristics through these spatial metaphors.  

The importance of this idea of space as a metaphor for 
culture is taken a step further by [15] through the concept of 
Genius Loci or the Spirit of Place , which is described as what 
makes a space specific as well as the dimensions of lived 
experience, interaction, and use of space [16]. The spirit - or 
sense - of place usually refers to what makes a space specific to 
the individual, such as the characteristics, memories and 
associations, and activities afforded by the place. Sense of place 
is defined as the emotional relationships and meanings attributed 
to the space [17]. However, while the personal and relational 
dimensions relate to the space, they can also apply to the place 
since place refers to the mental environment. This is due to the 
“experiences-in-place” being able to evoke significant feelings 
involving the perceived place. These feelings can be discussed 
under three categories: experiences of personal growth, 
memories, and feelings of safety, threat, and belonging [16]. 
Therefore, the idea of using space as a cultural metaphor is not 
new, and has been used in different domains including STEM 
education.  

IV. METHODS & DATA COLLECTION 
The project follows an iterative process of design, 

implementation,  research/evidence, feedback, and adjustment 
of program components. This process is commonly referred  to 
as Design Based Research (DBR), which is focused on 
improving “educational practices through  iterative analysis, 
design, development, and implementation, based on 
collaboration among researchers  and practitioners in real-world 
settings, and leading to contextually-sensitive design principles 
and theories [18].  

Seven (n=7) afterschool educators from three tribal nations 
participated in the three-day workshop and were provided a 
stipend for their participation. A pre-survey was used to better 
understand their prior STEM teaching experiences and 
instructional comfort with STEM education, as well as teaching 
beliefs about technology. Observational data was collected and 
analyzed using video recordings of the workshop. Educators 
were asked to complete exit tickets each day to capture 
individual reflections about the workshop content. Finally, 
educators participated in a group brainstorm with the workshop 
hosts to identify specific tribal nation connections and synergies 
with existing cultural programming at the afterschool. The first 
day the focus was providing the educators with some 
background of CRT pedagogy and providing them with an 
introduction to Spiro Mounds, its Architecture and the cultural 
significance. The researchers provided information by inviting 
the curator for the Spiro Mounds Museum and presenting the 
participants with an overview of the Spiro Mounds. The 
discussions focused mainly on the structure of the spiro mounds 
and the artifacts that were entombed within the mounds. The 
discussion also focused on the cultural significance of the 
mounds to all tribes in Oklahoma, as it embodied aspects of all 
tribes of the Mississippian settlements. 

During this first day the educators were provided with basic 
instruction on how to use Sketchup and explore the 3D models 
using VR through the Enscape plugin. Furthermore, some of the 
artifacts (replications of actual artifacts found in the mounds) 
that the curator brought were 3D scanned using a handheld 3D 
scanner.  

The second day was focused on recreating the Spiro Mounds 
using Sketchup. The after school educators developed the 3D 
model of the Spiro Mounds using information on the structure 
provided by [21]. The artifacts that were 3D scanned were then 
included inside the 3D model of the mound.  

Fig. 1. Exterior and Structure of the Spiro Mound  (rendered 3D model) 

During this experience, the intention was for the educators 
to combine the cultural aspects of the Spiro Mounds with the 
technical details of developing 3D models and finally 
experiencing these cultural artifacts through immersive VR. A 
culturally responsive method was utilized for the educators to 
construct knowledge rather than just passively take in 

.  



information by developing the Spiro Mound using Sketchup. 
Then the educators experienced the Spiro Mound using VR, 
where they built their own representations and incorporated new 
information upon their pre-existing knowledge of the Spiro 
Mounds. 

The third day was utilized for the co-design of the 
educational modules of the after school program. In DBR, 
collaborative design, or co-design, is one strategy for utilizing 
teachers' expertise to design, implement, and test educational 
outcomes, thereby strengthening teachers' agency. This process 
also allowed the researchers to understand what is familiar to 
students in the context of that particular after school community 
and also allowed them to create STEM connections to already 
existing cultural learning activities.  

V. FINDINGS AND CONCLUSIONS 
To answer our main research question, we introduced 

generative design and CRT to our after-school educators. Our 
intertribal educator workshop set the stage for exploring spatial 
design across cultures, and codesign with CPN elders and 
educators. 

Most of the teachers (86%) have a Bachelor's Degree or 
Higher. While their years of experience in STEM ranged from 
2-13 years, most (86%) felt comfortable or somewhat 
comfortable implementing STEM and Technology activities. 
Notably, of the 3 partner tribal nation afterschool programs, 2 
programs devoted less than 20% of the time on STEM learning, 
while the other program reported more than 50% focus on 
STEM. Already existing STEM activities used in the afterschool 
programs included having lectures and guest speakers, small 
group and/or outdoor activities, participating in engineering 
design challenges, and having robotics competitions. These 
findings overall demonstrate how the amount of experience of 
the teachers, commitment to STEM education, and available 
resources varied across each afterschool program. 

The third day of the educator workshop was focused on 
creating co-designed connections. The educators gave insight 
into the interests of the students, and the activities/projects in 
progress at the afterschool program. For example, it was through 
the educators that knowledge of the students’ bead working was 
learned.  The idea to create a museum to showcase this work 
became the objective of module three. 

The DBR process allowed for  the afterschool modules to be 
modified. Initially, it was the plan to have the students learn 
about and create a 3D model of the Spiro Mounds. After 
discussion with the after school educators, it was determined this 
would not be a realistic goal since the Oklahoma Native 
American Tribe’s students had little to no experience with 3D 
modeling software. 

We learned that an important component of generative 
design is to develop relationships with cultural knowledge 
bearers and tap into existing after school cultural activities. For 
several tribal nations, administrative units dealing with cultural 
preservation and language are not necessarily used to 
collaborating or working in the after school setting. In the future, 
we will continue to encourage educators to actively identify 
cultural knowledge bearers, community based problems, and 

other stakeholders for the hack-a-thon which is introduced in the 
final module. 
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