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Abstract 
 

This article discusses the development of guidelines for creating 3D architectural models specifically 
for visually impaired and blind (VIB) students, part of the In-VisIBLe project by the Centre for Ed-
ucation and Rehabilitation for the Blind (CERB). This initiative is a significant advance in inclusive 
education, especially in architecture and visual arts. The guidelines utilize technologies like 3D print-
ing and tactile sensitivity to improve accessibility for VIB students. They offer a framework for pro-
ducing tactile models that enhance educational equity and inclusion, enabling engagement with 
subjects typically inaccessible due to reliance on visual aids. The paper highlights key components 
such as tactile sensitivity, early tactile training, and the role of universal design in promoting inclusive 
learning experiences.  
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L’articolo discute lo sviluppo di linee guida per la progettazione di modelli architettonici in 3D 
per studenti non vedenti e ipovedenti (VIB), parte del progetto In-VisIBLe del CERB. Questa 
iniziativa rappresenta un passo avanti nell'educazione inclusiva, specialmente in architettura e 
arti visive. Le linee guida integrano la stampa 3D e la sensibilità tattile per migliorare l’accessi-
bilità degli studenti VIB. Offrendo un quadro completo, queste linee guida aiutano a creare 
modelli tattili che promuovono l’equità educativa, consentendo agli studenti di interagire con 
contenuti tradizionalmente inaccessibili. Il documento esplora la sensibilità tattile, la formazione 
tattile precoce e l’uso della stampa 3D, evidenziando come il design universale migliori l’ap-
prendimento e favorisca l'inclusione. 

 
Parole chiave 

Accessibilità, modelli architettonici in 3D, educazione inclusiva, disabilità visiva,  
moduli didattici innovativi



1. Introduction 
 

Inclusive education aims to create environments where students of all abilities can access the same learning 
opportunities. However, achieving this objective has been particularly challenging for visually impaired 
and blind (VIB) students in fields like architecture, engineering, and the visual arts, which rely heavily on 
visual materials (Barnes, 2007). These subjects involve complex diagrams, visual imagery, and spatial lay-
outs that are difficult to interpret without sight. As the global push for accessible and inclusive education 
intensifies, addressing the needs of VIB students in these areas has become increasingly urgent. 

Recent technological advancements, especially in 3D printing and tactile-based learning, have opened 
new pathways for overcoming these barriers. 3D printing enables educators to create physical models that 
VIB students can explore through touch, providing an alternative to traditional visual learning. Tactile 
sensitivity, or the ability to interpret information through touch, plays a crucial role in helping VIB students 
understand complex shapes, textures, and spatial relationships. 

The Centre for Education and Rehabilitation for the Blind (CERB) has taken a significant step forward 
with the In-VisIBLe Project, which aims to develop guidelines for designing and producing 3D architectural 
models specifically for visually impaired and blind (VIB) students. These guidelines offer a structured 
framework for creating tactile educational tools that address the unique needs of VIB students, empowering 
them to engage more fully in their learning environments. Models created according to these guidelines 
not only enhance accessibility but also foster a more inclusive academic atmosphere. 

This paper examines the core components of these guidelines, exploring the role of tactile sensitivity 
in education, the application of 3D printing to create accessible models, and the broader implications of 
this approach for inclusive education. It highlights the positive impact of such innovations on the educa-
tional experiences of VIB students and discusses both the ongoing challenges and the opportunities in-
troduced by this transformative approach. 

 
 

2. Universal Design for Learning (UDL) 
 

Universal Design for Learning (UDL) represents a forward-thinking approach to education that aims to 
accommodate the diverse needs of all learners by offering flexibility in how information is presented, how 
students express their understanding, and how they engage with the material (Rose & Meyer, 2002). This 
is particularly impactful for Visually Impaired and Blind (VIB) students, for whom traditional methods 
of visual engagement are not feasible. UDL encourages the use of multiple means of representation, ex-
pression, and engagement, which ensures that content is accessible through diverse learning pathways, 
tailored to the unique needs of each student. 

One of the most innovative aspects of UDL in supporting VIB students is the application of 3D print-
ing technology in educational settings. In fields like architecture and design, where visual content is tra-
ditionally indispensable, 3D printing offers a groundbreaking solution. By creating tactile architectural 
models, educational institutions have transformed the learning experience for VIB students. These models 
provide students with the opportunity to explore spatial relationships and complex design concepts through 
touch, which not only enhances understanding but also promotes greater inclusivity (Stone, Kay, & 
Reynolds, 2020; Trellue, Lascheid, & Lang, 2024). This approach aligns with the UDL principle of pro-
viding diverse means of representation, allowing VIB students to access information in ways that were 
previously inaccessible to them. 

In addition to enabling tactile engagement, 3D printing technology allows learning materials to be 
customized to meet the specific needs of visually impaired and blind (VIB) students. Models can be resized, 
textured, and labeled with Braille, making them accessible to students with varying degrees of visual im-
pairment. This adaptability aligns with the Universal Design for Learning (UDL) framework, which em-
phasizes flexibility in educational materials. By accommodating individual sensory preferences, these 
customized models foster a more inclusive learning environment in which VIB students can thrive (Uni-
versity of Colorado Boulder, 2021). 

The reach of UDL extends beyond architecture to other disciplines that depend heavily on visual con-
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tent. For instance, in fields like geography, biology, and physics, tactile 3D models of geographic land-
scapes, molecular structures, or biological specimens provide VIB students with a tangible way to explore 
complex scientific concepts. These models foster a deeper understanding of abstract topics by offering a 
hands-on, tactile learning experience that significantly enhances student engagement .This level of inno-
vation not only aids in comprehension but also empowers students to actively participate in subjects that 
would typically be difficult for them to access through traditional visual means. 

By integrating UDL principles with cutting-edge technologies like 3D printing, educational institutions 
are not just removing barriers to learning for VIB students—they are creating a future where learning is 
universally accessible.  

While there have been significant strides in making education more inclusive, Visually Impaired and 
Blind (VIB) students continue to face substantial barriers, particularly in higher education settings. Many 
disciplines, such as architecture and design, rely heavily on visual materials, including blueprints, scale 
models, and intricate visual layouts. The lack of accessible alternatives can severely hinder academic per-
formance and leave these students feeling marginalized or excluded from the educational experience (Fuller, 
Bradley, & Healey, 2004). 

Challenges become even more pronounced during the transition to higher education. Studies highlight 
that VIB students often experience isolation and exclusion, particularly in classrooms where visual materials 
are integral to the curriculum. When students cannot access the same learning resources as their sighted 
peers, they are at risk of disengaging from course content, leading to a decrease in academic achievement 
and overall participation (Hewett, Keil, & Douglas, 2015).  

Moreover, the ability to customize 3D printed models to meet individual sensory needs—such as ad-
justing textures, sizes, or adding Braille—further enhances the accessibility of the materials. This person-
alized approach aligns with Universal Design for Learning (UDL) principles, which emphasize flexibility 
and inclusivity in educational content. By leveraging such innovations, higher education institutions can 
remove barriers to learning, providing VIB students with a more equitable and engaging educational ex-
perience. 

Early exposure to tactile resources is essential for developing tactile sensitivity. Studies have shown that 
children who engage with tactile resources from a young age are better equipped to interpret complex 
tactile representations later in life (Kanari & Argyropoulos, 2014). In early childhood education, tactile 
books, models, and raised graphics can be used to introduce concepts like size, shape, and texture, pro-
viding the foundation for more advanced learning in subjects that rely on spatial reasoning. Tactile sensi-
tivity can be enhanced through regular engagement with tactile resources. Research has shown that VIB 
students who frequently interact with tactile models and graphics develop a higher level of proficiency in 
interpreting tactile information (Papadopoulos, 2009).  

3D printing technology offers a solution by allowing for the creation of more detailed and complex 
tactile models. Unlike tactile graphics, which are two-dimensional, 3D printed models provide a three-
dimensional representation of objects, allowing VIB students to explore the shape, texture, and spatial 
orientation of the model through touch.  

These models can be used to represent everything from individual buildings to entire cityscapes, giving 
VIB students a tactile means of understanding complex spatial relationships. 

In a study conducted by Kanari and Argyropoulos (2014), 3D printed models were found to signifi-
cantly improve the ability of VIB students to understand architectural concepts. The study showed that 
students who used tactile models were better able to grasp the layout and design of buildings, leading to 
improved performance in their architecture courses. These findings suggest that 3D printed models could 
play a critical role in making architecture more accessible to VIB students. 

Museums have also embraced 3D printing as a means of making their exhibits more accessible to VIB 
visitors. Institutions like the Museo Omero in Italy and the Tactile Museum in Athens have created tactile 
versions of famous monuments and artworks, allowing VIB individuals to explore these cultural treasures 
through touch (Argyropoulos & Katsantoni, 2020). These initiatives have demonstrated the potential of 
3D printing to create more inclusive cultural experiences for VIB individuals. 

By providing tactile representations of cultural artifacts, museums are making it possible for VIB visitors 
to engage with exhibits that were previously inaccessible. This not only enhances the visitor experience 
but also promotes greater inclusivity within the museum space. 
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3. Best Practices for Designing 3D Models for VIB Students 
 

Creating effective 3D models for VIB students requires careful consideration of the user’s tactile experience. 
To ensure that models are both informative and accessible, designers must prioritize simplicity and clarity 
while retaining enough detail to convey essential information. 

One of the key principles of tactile design is the simplification of complex information. While sighted 
students can rely on their visual sense to process large amounts of information at once, VIB students must 
rely on sequential tactile exploration which requires processing information one step at a time. This means 
that overly detailed models can be overwhelming and difficult to interpret. To address this, designers 
should focus on the essential elements of the model and omit unnecessary details (Papadopoulos, 2009). 
For example, when designing a tactile map of a city, it may be necessary to exclude minor roads or small 
buildings that do not contribute to the overall understanding of the layout. By simplifying the model, de-
signers can ensure that VIB students are able to interpret the information more easily. 

Textures play a crucial role in tactile models. Different textures can be used to represent different ma-
terials, surfaces, or areas, allowing VIB students to differentiate between elements of the model. For ex-
ample, rough textures might represent stone, while smooth textures could represent glass. Elevation is 
another important consideration, as it helps convey information about depth and height. Models should 
be designed with clear, discernible elevations to ensure that students can easily interpret the spatial rela-
tionships between different elements (Kanari & Argyropoulos, 2014). 

Incorporating Braille labels into 3D models is essential for providing additional information to VIB 
students. However, it is important to ensure that the Braille is positioned in a way that does not interfere 
with the tactile exploration of the model. Additionally, the size and elevation of the Braille should be care-
fully considered to ensure that it is easily readable by touch (Fuller et al., 2004). 

The design process for creating effective 3D models for the visually impaired involves several key steps: 
 
– Selection of Objects: the first step is to choose the objects or structures to be replicated. This could 

include architectural models, scientific specimens, or historical artifacts. 
– Design Research: designers can utilize existing drawings, photogrammetry, or laser scanning to create 

accurate digital models. In cases where no existing documentation is available, photogrammetry can 
be used to generate 3D models from photographs. 

– Design Considerations: the scale and level of detail in the model must be carefully balanced to 
ensure that it is both functional and accessible. Overly detailed models can overwhelm users, while 
insufficient detail may not convey the necessary information. 

– Material and Technology: the choice of 3D printing technology, such as Fused Filament Fabrication 
(FFF) or Selective Laser Sintering (SLS), and the materials used, play a critical role in the durability 
and tactile clarity of the final product. 

 
Despite the numerous benefits of 3D printing for VIB students, several challenges remain. One of the 

primary barriers is the cost of 3D printers and materials, which can be prohibitive for some educational 
institutions. Additionally, the time required to design and print detailed models can be significant, par-
ticularly for complex subjects like architecture or engineering (Titchkosky, 2011). To address these chal-
lenges, it is recommended that institutions explore partnerships with local businesses or organizations to 
share resources and reduce costs. Additionally, educators should be provided with training on how to 
design and implement 3D printed models effectively. While 3D printing holds great promise for improving 
accessibility, it also presents challenges that must be addressed to ensure the effectiveness of tactile mod-
els. 

 
– Texture and Detail: designers must ensure that textures are readable by touch and avoid overly fine 

details that could be confusing. The tactile feedback provided by the model should be clear and 
easily interpretable. 

– Braille Integration: incorporating Braille into 3D models requires careful consideration of size, ele-
vation, and placement. Braille must be legible and appropriately positioned to provide meaningful 
information. 
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– Testing and Prototyping: before final production, models should be thoroughly tested to identify 
and correct any errors. This includes testing the durability of the materials, the clarity of the tactile 
feedback, and the overall usability of the model. 

– Collaboration and Feedback: collaborating with educators, specialists in visual impairments, and 
the visually impaired community is essential for refining designs and ensuring that they meet the 
needs of users. Feedback from users should be actively sought and used to improve future models. 

 
 

4. Case Studies: Successful Implementation of 3D Printing for Visually Impaired and Blind (VIB) Stu-
dents 
 

Various institutions have implemented 3D printing technologies to create inclusive and effective educa-
tional tools for VIB students across disciplines, enabling them to engage in tactile learning and experience 
educational content otherwise presented visually. 

The In-VisIBLe Project is a notable initiative designed to assist VIB students in higher education archi-
tecture courses. By producing 3D-printed architectural models, the project allows students to experience 
complex structural and spatial concepts through touch, making it possible to grasp intricate design ele-
ments that would otherwise be inaccessible. This tactile approach has proven crucial for VIB students, al-
lowing them to interact with fundamental architectural components that enhance their understanding of 
spatial relationships and design  

Another example of this inclusive approach is a collaboration with the National Federation of the Blind 
in the United States, which led to the creation of 3D-printed topographical and geological models. These 
models enable VIB students to explore geographical features like mountains, rivers, and valleys through 
touch. Such hands-on interaction has been shown to deepen comprehension of geographic and spatial 
concepts, increasing students’ engagement with the material (Geography Realm, 2022).  

At the University of Colorado Boulder, scientists have employed 3D printing to produce biology mod-
els, including molecular and cellular structures, specifically designed for VIB students. Through tactile 
exploration of DNA structures and cellular shapes, students gain an in-depth understanding of biological 
concepts that are conventionally visual, improving engagement and comprehension in biology courses 
(University of Colorado Boulder, 2021). 

Similarly, the University of Washington has used 3D printing to support STEM education by devel-
oping tactile models of geometric and molecular shapes labeled with Braille. These models allow VIB stu-
dents to engage with abstract scientific and mathematical concepts in a meaningful way, enhancing both 
understanding and participation in these critical fields (University of Washington Tactile STEM Initiative, 
2021; Trellue, Lascheid, & Lang, 2024). 

In Sonoma County, assistive technology specialists have implemented 3D printing through Tinkercad 
to create tactile learning tools for mathematics and science. This approach enables both VIB and sighted 
students to study mathematical shapes and scientific concepts side-by-side, promoting an inclusive envi-
ronment. VIB students are able to physically engage with these models, resulting in enhanced retention 
and understanding of challenging concepts (Paths to Literacy, 2020; Stone, Kay, & Reynolds, 2020). 

Finally, a study published in the International Journal of Teaching and Learning in Higher Education ex-
plores a service-learning course that involved university students creating 3D-printed models for VIB peers 
in fields such as statistics and architecture. These resources were made available as Open Educational Re-
sources (OER), supporting wide adaptation and accessibility for students with varying levels of visual im-
pairment. This approach fosters collaboration between VIB and sighted students, enriching the learning 
experience for all involved (Stone, Kay, & Reynolds, 2020). 

These case studies underscore the impact of 3D printing in creating accessible, inclusive educational 
experiences for VIB students, bridging gaps in subjects typically reliant on visual content. As 3D printing 
technology evolves, it holds significant promise for advancing inclusive education across diverse fields. 
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5. Future Directions in 3D Printing and Accessibility 
 

As 3D printing technology continues to evolve, its role in enhancing educational accessibility for Visually 
Impaired and Blind (VIB) students is expected to expand significantly. Future advancements could not 
only improve the quality of tactile learning materials but also introduce entirely new methods of engage-
ment. For instance, future developments in materials science could lead to the creation of highly sophis-
ticated tactile materials that provide richer, more detailed sensory feedback. These could include 
multi-textural surfaces that convey varying densities or temperatures, simulating a broader range of real-
world textures and environments. Researchers are already exploring the potential of smart materials that 
change shape or texture in response to touch or environmental conditions, which could offer a dynamic, 
interactive learning experience. 

The continued miniaturization and increasing affordability of 3D printing technologies will also make 
it more feasible for educational institutions, particularly those in underfunded areas, to incorporate these 
tools into classrooms and campus spaces. This democratization of access will enable not just wealthier 
universities but also smaller or less-resourced schools to offer VIB students the opportunity to benefit 
from 3D-printed educational resources. A key focus in this regard is reducing the cost of 3D printing de-
vices and materials, making them available to a wider array of educational institutions (Turnbull & Nilsen, 
2019). 

Moreover, ongoing research into the specific needs of VIB students is crucial to ensuring that future 
3D-printed resources meet the evolving demands of inclusive education. Current research already high-
lights that VIB students engage better with complex diagrams, biological specimens, and architectural 
models when the sensory detail is rich and accurately represents the real-world structure. However, there 
is still much work to be done in improving the accessibility of highly technical subjects, such as advanced 
mathematics, where complex visual symbols and graphs are commonly used. Future research could explore 
the creation of tactile representations of mathematical concepts, like geometric transformations or fractals, 
through 3D printing, which would provide VIB students with more comprehensive learning tools. 

Additionally, collaborations between universities, tech companies, and advocacy organizations will play 
a key role in driving the next generation of inclusive educational tools. For example, initiatives like those 
spearheaded by the European Union’s Inclusive Education Technologies project are already exploring how 
to integrate artificial intelligence and 3D printing to customize tactile learning materials automatically 
based on a student’s unique needs (European Commission, 2023). These innovations will create more re-
sponsive, personalized learning experiences and further bridge the gap for VIB students in both K-12 and 
higher education. 

By addressing these needs, future developments in 3D printing could play a pivotal role in ensuring 
that the educational experiences of VIB students continue to evolve, promoting a more inclusive and eq-
uitable learning environment for all. 

 
 

6. Conclusion 
 

The integration of 3D printing and tactile sensitivity in education has the potential to transform the learn-
ing experience for visually impaired and blind students. By creating tactile models that enable VIB students 
to engage with subjects like architecture, design, and other visual disciplines, educators can promote greater 
inclusivity and equity in learning environments. As institutions continue to adopt these technologies, the 
future of education will become more accessible, benefiting all learners. Collaboration between educators, 
designers, and VIB students will be essential for refining these tools and ensuring their effectiveness in 
promoting learning. As 3D printing technology continues to advance, the possibilities for creating more 
detailed, accessible, and customizable learning materials will expand, offering new opportunities for in-
clusive education. 
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