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The integration of spatial computing technologies into educational settings presents 
unique possibilities for reimagining classroom environments. Although the use of these 
technologies in education is increasing, architectural approaches that facilitate the 
integration of spatial technologies into physical and digital educational places remain 
limited. This study explores how speculative design methods can assist architecture 
students in envisioning future educational settings with spatial computing technologies 
integration. A structured workshop titled "The Classroom of the Future" is conducted 
with third-year architecture students who created speculative narratives and video 
prototypes through brainstorming, storytelling, visualization, hands-on experience and 
discussion sessions. Our research indicates that design fiction as a speculative method is 
a creative medium for designing future classrooms while promoting critical discussions 
about ethical and socio-technical issues. This study contributes to architectural education 
and practice in the field of future design studies by outlining a methodology for 
envisioning spatial computing technologies integrated future classroom settings. 
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INTRODUCTION 
Spatial computing technologies such as 
Augmented Reality (AR), Virtual Reality (VR), and 
Mixed Reality (MR) have emerged as transforming 
forces in educational environments over the last 
ten years, particularly post-pandemic, providing 
immersive, interactive, and adaptive learning and 
teaching experiences (Radianti et al. 2020; Akçayır 
and Akçayır, 2017). They expand the traditional 
boundaries of physical educational environments 
by enabling students to interact with both digital 
and physical content. However, academic 
research on AR, VR, and MR in education has 
focused mostly on enhancing learning outcomes 
(Southgate, 2020). There is a lack of research 

investigating architectural approaches for 
integrating spatial computing technologies into 
future classrooms. 

Speculative design, mainly design fiction, has 
emerged as a promising methodology for 
critically analyzing future socio-technical 
imaginaries (Auger, 2013; Dunne and Raby, 2013). 
Design fiction combines visionary thinking in 
tangible narratives or diegetic prototypes that 
allow people to envision and discuss possible 
futures (Bleecker et al, 2022; Sterling, 2009). It has 
started to be employed in classrooms, 
highlighting the possibility of new technologies 
to change learning and teaching environments 
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(Leonor and Palma, 2024; Rahm, 2024). However, 
it is less investigated in architectural education.  

This study explores how design fiction 
methodology may support architects envisioning 
the architectural design of future classrooms that 
is integrated with spatial computing technologies. 
As part of broader research (Moralioglu and Gül, 
2023; 2024), third-year architectural design studio 
students are selected for this part of the study, 
which includes a workshop to test our proposed 
method. Since they have completed the 
foundational two-year architectural education 
with knowledge of basic design methods and 
software but are still open to learning new things, 
we think they were convenient candidates to 
explore the design fiction methodology to be 
used for future architectural design prototyping. 
Our aim is to understand how spatial computing 
technologies might transform educational 
experiences and environments while examining 
the broader social and ethical dimensions of their 
adoption. 

The research problem identified by this study 
is the lack of comprehensive methods that consist 
of speculative design, particularly design fiction, 
within architectural design approaches especially 
in architectural education to envision future 
classroom design. Addressing this gap is 
important as the built environment influences the 
ways how architects and designers think and 
design educational spaces responsive to 
technological and pedagogical change (Peters 
and Freeman-Moir, 2006). 

Unlike general futuristic classroom design 
that utilizes continuous projections of current 
technologies, speculative design investigates 
alternative, controversial, or unusual futures. 
Conventional methods emphasize immediate 
feasibility, practical implementation, and 
moderate advancements. In a traditional design 
scenario, architecture students are expected to 
identify user needs and current problems, then 
develop corresponding design solutions. Design 
fiction focuses the exploration of various, diverse, 

and sometimes radical future scenarios. It 
involves participants in discussing ethical, social, 
and cultural aspects rather than only 
concentrating on technology progress or 
architectural space efficiency. 

The novelty of this research lies in its 
connection with design fiction, spatial computing, 
and architectural pedagogy. Specifically, it (1) 
offers a repeatable workshop approach using 
design fiction to explore possible futures for 
classroom settings, (2) presents empirical data 
from student-generated speculative designs 
highlighting both the benefits and limitations of 
including spatial computing technologies, and (3) 
presents a framework allowing architects and 
educators to explore how emerging technologies 
could change the spatial and pedagogical 
foundations of future learning environments. 

LITERATURE REVIEW 
Design fiction methodology has been found 
effective in creating immersive narratives through 
world-building and alternative scenarios to 
stimulate critical reflection on how emerging 
technologies might impact daily life (Coulton, 
Lindley and Sturdee, 2017). Recent studies show a 
growing interest, mainly through participatory 
design fiction workshops that actively engage 
students, in envisioning future scenarios (Jahwari, 
Garaj and Harrison, 2023; Celik et al, 2024). As 
described by Liu, Hoveling and Markopoulos 
(2021), Bendor and Lupetti (2025), and He et al. 
(2024) challenges concerning the pedagogical 
application of speculative design highlight the 
initial difficulties of students in adopting 
speculative approaches and emphasize the ability 
of the methods to improve critical thinking skills 
and future literacy. 

Spatial computing technologies have affected 
educational practices by improving immersive 
and interactive learning experiences. AR 
stimulates contextual and engaging experiences 
(Leahy, Holland and Ward, 2019), VR offers 
immersive simulations to enrich experiential 
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learning (Huang, Rauch and Liaw, 2010), and MR 
blends physical and virtual realities to support 
interactive collaboration (Akers et al, 2020). On a 
larger scale, educational environments have long 
included pervasive computing ideas to extend 
knowledge beyond traditional classroom limits 
(Holleis et al, 2010). On the other hand, systematic 
research on how spatial computing technologies 
may be architecturally integrated into classrooms 
is less common (Sutherland and Sutherland, 
2010). By architectural integration, we intend to 
suggest that, in the future, spatial computing 
technologies may not only be perceived as tools 
to be used in education for learning or teaching 
but also as part of the physical and digital 
boundaries of the educational environments 
bringing all mediums together in hybrid new 
architectural design. 

Monahan (2002) introduces "built pedagogy," 
suggesting that architectural configurations 
naturally affect learning experiences and 
outcomes. Moreover, the "Four Futures" model of 
Dator (2020) emphasizes the need to imagine 
alternative futures and provides a speculative 

perspective for investigating several possible 
educational settings. This paper aims to 
contribute to future design studies by building on 
earlier work (Clarke, 2021; McVeigh-Schultz et al, 
2018) using design fiction tools to imagine future 
educational environments. Our research indicates 
that design fiction methodology can act as a 
catalyst for imagining the integration of spatial 
computing technologies within physical and 
digital learning spaces while recognizing the 
socio-cultural and ethical factors. It can inspire 
architecture students to challenge stereotypes 
about learning environments and to explore 
future possibilities. 

THE CLASSROOM OF THE FUTURE 
WORKSHOP 
The workshop was conducted in five days with 
third-year architecture students at Istanbul 
Technical University, utilizing design fiction 
methodologies and iterative stages of 
brainstorming, storytelling, visualization, hands-
on experience and discussion to explore the 
integration of spatial computing technologies 

Figure 1 
The structure of 
“The Classroom of 
The Future” 
workshop 
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into future educational environments (Figure 1). 
Seventeen students were later divided into eight 
groups based on their 3D modeling and video 
production skills. The grouping method 
encouraged knowledge-sharing among students 
with varying technical backgrounds. Among the 
students, there were twelve local and five 
international students, twelve females and five 
males, and all from Generation Z. 

Prior to the workshop, twelve students 
completed a survey assessing their familiarity with 
extended reality (XR) technologies and their 
future thoughts on them to be used in the 
architectural design process. The survey revealed 
that all students had heard of these technologies, 
five had never used, four had prior experience, 
and three were active users. Apart from the two, 
students said they were open to future use and 
would be ready to adapt these technologies in the 
architectural design process. Most students had 
prior experience with AR, while just four had used 
VR before (Figure 2).  

Day 1: Introduction to Spatial 
Computing Technologies 
The first day started with a general introductory 
presentation on spatial computing technologies. 
We explained the differences between AR, VR, 
and MR technologies with examples from 
everyday use cases in different industries like 
education, architecture, and retail. Also, various 
devices, including Microsoft HoloLens 1 and 2, 
Meta Quest 2, Oculus Rift, Magic Leap, and XREAL 
Air, were demonstrated, allowing students hands-
on experiences to understand technological 
capabilities and limitations (Figure 3). Following 
the demonstrations, there was a discussion 
session concentrated on the potential educational 
benefits of spatial computing technologies, such 
as enhanced interactivity and personalized 
learning experiences, alongside possible negative 
aspects, including accessibility and ethical 
implications. The guiding discussion questions 
were included: 

 

 

 
 
 

 
 

1. What are the potential benefits of using 
spatial computing technologies in the 
classroom? 

2. How can these technologies improve the 
learning experience for students? 

3. What are the potential drawbacks of using 
spatial computing technologies in the 
classroom? 

4. In what ways could these technologies harm 
students or be misused? 

5. How can we make sure that using spatial 
computing technologies in the classroom is 
safe and ethical? 

6. How can lecturers include spatial computing 
technologies in their syllabus? 

Following the discussion, students were 
assigned to investigate and evaluate current 
classroom designs and identify spatial limitations 
and possibilities for enhancement. 

 

 
 
 
 
 
Day 2: Spatial Analysis of Current 
Classroom Designs 
On the second day, students shared their research 
on existing classroom designs, focusing on 
spatial, functional, and pedagogical problems 
observed in existing environments (Figure 4).  

Figure 2 
XR Familiarity 
survey results 

Figure 3 
Device 
demonstrations 
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We also presented some paragraphs from the 

"Classroom of the Future" book (Makitalo-Siegl et 
al, 2010, p.1) to inspire deeper discussions: 

"...For most of us, a classroom consists of four 
walls, ''closed'' doors, chairs, tables, perhaps a 
blackboard, and sometimes a desk - simple but 
efficient pieces of furniture… 

...the classroom has scarcely evolved over a 
period of many years. Is the traditional classroom 
intrinsically outdated or has it rather survived the 
test of time because it is already self-
reconfigurable and has been adapted in many 
different contexts of use? Do we even need a 
classroom anymore?" 

Then, we continued with the following 
guiding discussion questions pointing out the 
potentials and shortcomings of spatial computing 
technologies, particularly emphasizing how AR, 
VR, and MR might improve spatial flexibility, 
collaborative possibilities, and experiential 
learning, with questions such as: 

1. How do you think spatial computing 
technologies will alter the physical design of 
future classrooms? For example, will they 
require more space or different furniture 
configurations? 

2. How could spatial computing technologies 
alter the interactions between students and 
their teachers in the classroom? 

3. Integrating spatial computing technologies 
into classroom design may present specific 
difficulties or disadvantages. For example, do 
you think they can isolate or distract students? 

4. How can we balance the use of spatial 
computing technologies with traditional 

educational approaches, such as face-to-face 
interaction and hands-on activities, to 
guarantee that students get a well-rounded 
education? 

5. How do you see teachers including spatial 
computing technology in classroom design? 
How can they be trained and supported to use 
these technologies efficiently? 

Students were assigned the task of analyzing 
existing projects that integrated spatial 
computing technologies into educational 
environments, therefore improving their 
comprehension of practical applications and 
design challenges. 

Day 3: Designing for Spatial 
Computing Technology Integration 
The third day is shifted towards active speculative 
design activities, beginning with student 
presentations on their analyses of current 
classroom projects integrating spatial computing 
technologies. After reviewing relevant case 
studies, students were introduced to key design 
principles for spatial computing technologies: 
user-centered design emphasizing accessibility, 
ease of use, and navigation; immersive design 
integrating visual, auditory, and haptic feedback; 
consistency and coherence in user interface and 
user experience; interactivity through various 
input methods like touch, voice and gesture 
controls; performance optimization regarding 
data and processing management such as 
reducing the number of polygons used in 3D 
models; and safety measures such as collision 
avoidance with real-world objects and content 
appropriateness (Yang, Zhou and Radu, 2020). 
Then, we talked about design ideas with students 
during brainstorming sessions. From then on, 
they started working as groups and 
collaboratively created initial sketches and 
narrative scenarios envisioning future classrooms.  

Figure 4 
Spatial analysis of 
existing classroom 
designs by 
students 
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Day 4: Video Production and Design 
Refinement 
On the fourth day, students focused on creating 
videos and improving their speculative ideas into 
visual narratives. They employed various software 
tools for 3D modeling (Rhino, SketchUp), 
animation (After Effects, Blender, Rhino 
Rendering, Adobe Aero) and video editing 
(Adobe Premiere, Adobe Rush, Clipchamp). This 
phase allowed for visualization and 
demonstration of how spatial computing 
technologies could fundamentally reshape the 
classroom experience. Throughout the session, 
students continued to try XR experiences with 
devices, received feedback on their initial 
sketches and visualization strategies, improving 
clarity and effectiveness for their final 
presentations. 

Day 5: Final Presentations 
The final day was dedicated to the presentation 
and reflection on speculative video prototypes. 
Peer reviews and discussions followed every 
group presentation. The discussions studied 
design feasibility, technological integration, 
pedagogical impact, and ethical considerations, 
including data privacy, inclusivity, and fair access 
to technology. This practice helped students to 
critically explore the potential and complexities of 
integrating spatial computing technologies into 
future educational spaces. 

RESULTS AND DISCUSSION 
"The Classroom of the Future" workshop provided 
insightful data regarding the potential use of 
design fiction methodology in speculating future 
classroom design. Throughout the workshop, 
students critically analyzed existing educational 
environments, explored current and emerging 
uses of spatial computing technologies. They 
were given complete freedom to choose the 
disciplines or subjects they wished to explore 
through their speculative scenarios, allowing 

them to creatively address various educational 
contexts and subject areas. 

During workshop, students studied traditional 
classroom layouts and identified the positive and 
negative aspects of different spatial 
arrangements. Traditional layouts, such as rows or 
columns, were praised for encouraging individual 
productivity and easier supervision but criticized 
for inhibiting interaction, collaboration, and 
mobility. They presented alternative layouts, 
including group arrangements, horseshoe/U-
shaped configurations, stadium seating, and 
runway models. According to their research, 
active learning spaces offer increased 
opportunities for interaction, peer-to-peer 
learning, and instructor mobility but often require 
more space and careful classroom 
management.  Additional explored layouts such 
as classical corridor schools, Waldorf schools, and 
organic school designs like Hans Scharoun’s 1968 
project demonstrated varied approaches to 
flexible, student-centered learning environments. 
Students also addressed specific examples, such 
as Japanese cluster schools and the Daruma 
International Nursery in Kanagawa, which focus 
on color psychology and DIY (Do It Yourself) 
pedagogical strategies to improve student 
engagement. 

Further, students reviewed existing classroom 
with the integration of spatial computing 
technologies. They highlighted implementations, 
such as West Suffolk College's XR Lab (Eustace, 
2023), Rensselaer Polytechnic Institute’s 
immersive 360-degree Chinese classes (Martialay, 
2019), virtual science labs (LabSim, n.d.), VR anti-
bullying programs (Reverto, n.d.), and AR-
supported sandbox models for interactive 
geography lessons. These examples demonstrate 
the potential of spatial computing technologies 
to enhance learning experiences through 
immersive and personalized content. 

In the envisioning future classroom part of the 
workshop, students developed scenarios and 
digital prototypes integrating spatial computing 
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technologies to overcome traditional limitations 
while leveraging existing strengths. By traditional 
limitations, we refer to the traditional mindset 
that treats technology as an add-in tool rather 
than an integral component of the architectural 
built environment. We aim to challenge and shift 
this perspective by encouraging students to 
reimagine technology as embedded within the 
physical spatial design. Some common themes 
across student proposals were heightened spatial 
flexibility, global collaboration, personalized 
learning, and multi-modal interactivity. For 
instance, Group 1 proposed "Neo Education," 
which envision future educational spaces as more 
expansive than traditional definitions allow 
(Figure 5a). Their concept "more than a building, 
more than a room, more than a topic, more than 
a planet, more than art, and more than an 
exhibition" suggests an educational environment 

 

 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

transcending conventional boundaries. This 
speculative scenario emphasizes hybridization, 
blending physical structures and books with AR, 
thereby expanding the limits of traditional 
educational materials and spatial experiences. 
The "Futuristic Geography Class" by Group 2 
integrated VR technologies to offer tactile, 
realistic geographical experiences enhanced by 
physical environmental simulations, thus 
providing deeply immersive learning scenarios 
(Figure 5b). "Meta Hubs" by Group 3 utilized 
holographic and interactive technologies to 
enable global collaboration among students from 
diverse cultural backgrounds, illustrating the 
capacity of XR technologies to establish 
borderless learning communities (Figure 5c). 

Several groups emphasized adaptability and 
personalization as critical design elements. For 
example, Group 4 designed classrooms capable 
of physical transformation according to 
instructional needs, featuring movable furniture 
and dynamic room structures (Figure 5d). The 
"Spinning Experience" concept of Group 5 
integrated traditional and technological learning 
environments, featuring immersive screens, 
holographic tables, and adaptable seating 
configurations to maintain student engagement 
and support diverse pedagogical approaches 
(Figure 5e). Moreover, Group 6 presented an 
experience-oriented environment within a library 
setting, allowing students to choose tailored, 
immersive experiences that exemplify a highly 
personalized and student-centric educational 
environment. 

Students also considered ethical, accessible, 
and inclusive components in their future visions. 
The Montessori-inspired flexible layout of Group 
7 highlighted autonomy and self-paced learning, 
underscored by ubiquitous technological 
integration in physical environments, suggesting 
a balanced approach combining technological 
advances with traditional educational 
philosophies.  In addition, the vision of Group 8 
proposed nature-integrated, sunlight-rich school 

 
Figure 5 
a. “Neo Education” 
by Group 1, b. 
“Futuristic 
Geography Class” 
by Group 2, c. 
“Meta Hubs” by 
Group 3, d. 
“Transformative 
Class” by Group 4, 
e. “Spinning 
Experience” by 
Group 5 
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settings with personal VR spaces, suggesting 
privacy and personalized learning environments 
complemented by shared spaces featuring 
holographic interactions. 

The speculative narratives and prototypes 
created at the workshop highlight how spatial 
computing technology might change future 
learning settings. Students identified possibilities 
for improving flexibility, global collaboration, 
experiential learning, and accessibility in the 
design of future classrooms. They also pointed 
out major ethical concerns, including data privacy, 
digital equity, and excessive dependence on 
technology, aligning with issues raised in the 
research by Xu et al. (2024) and Rahm (2024). 

Students noted that their experience with AR, 
VR, MR devices throughout the workshop was 
different from their usual architectural design 
studio experience. They indicated that the use of 
spatial computing devices provided enhanced 
spatial awareness, interactive learning 
experiences, and encouraged creativity by 
enabling them conceptualize designs beyond 
physical and digital modeling. Nevertheless, some 
students identified practical disadvantages, 
including initial technical learning curves, possible 
distractions, and a sense of isolation linked to 
immersive VR experiences. Educators of the 
architectural design studio observed increased 
student involvement and motivation but 
underlined the necessity for structured guidance 
and integration into the curriculum. 

The methodological structure of the 
workshop, which integrates design fiction with 
hands-on engagement, proved effective in 
encouraging students to think creatively and 
critically about the future. This iterative 
methodology, combining theoretical thinking, 
collaborative brainstorming, practical research, 
and video prototyping, effectively cultivated 
profound engagement and critical discourse, 
supporting earlier research by Leonor and Palma 
(2024) and Kitamura et al. (2021), which 
highlighted the effectiveness of speculative 

design fiction in exploring future interactions and 
ethical implications in technological integration. 

CONCLUSION 
The study shows how design fiction methodology 
assist architecture students investigate the 
integration of spatial computing technologies 
into future classrooms. Introducing AR, VR, and 
MR technologies, the "Classroom of the Future" 
workshop encouraged student participation in 
conceptualizing creative classroom designs for 
future. Students proposed immersive and flexible 
learning spaces capable of accommodating 
diverse pedagogical methodologies, fostering 
global collaboration, and promoting personalized 
education. 

Our research provides a systematic framework 
for the use of design fiction for envisioning future 
classroom architecture by contributing to the field 
of architecture, and architectural education. 
Research Findings from student-generated 
speculative designs also underline the possibility 
of spatial computing technologies to change the 
educational environment while also surfacing 
important ethical, socio-technical, and 
accessibility concerns.  

Future research should investigate long-term 
implications by implementing speculative 
scenarios within educational settings, evaluating 
feasibility and impact. Also, interdisciplinary 
collaborations among architects, educators, 
futurists, and policymakers are needed to create 
guidelines for the equal, effective, and 
responsible integration of spatial computing 
technologies. Moreover, user experience (UX) 
design developed for educational environments 
could improve the integration, usability, and 
inclusivity of spatial computing technologies, 
therefore providing guidelines for future 
classroom designs worldwide. 
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