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 Digital environments define alternatives to physical realities. The merging 

of virtual and real spaces creates a “cybernetic space” that offers a new 

experience through bodily interaction. This study explores the potential of 

hybrid design techniques to create new forms of representation at the 

intersection of body, physical space, and virtual space. It also highlights the 

importance of interactive design environments in supporting spatial learning 

in design disciplines. The scope of the research involves developing a hybrid 

architectural design software based on gesture interaction that supports 

learning-by-doing in digital environments. A practice-based research 

methodology was adopted. Scenario-based evaluations were conducted 

through self-guided sessions where the researcher explored the functionality 

and experiential aspects of the system. Leap Motion—a device equipped 

with infrared cameras and sensors that captures hand gestures—was 

employed to enable intuitive interaction with three-dimensional 

architectural models. The findings suggest that such hybrid systems can 

enhance spatial awareness and encourage a body-based design experience in 

architectural education. 
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 A hybrid design environment is proposed to combine the hand-eye 

coordination development of the physical model and the practicality of 

the digital model. 

 It is emphasized that cybernetic spaces, which are a combination of 

virtual and real spaces, can offer new experiences. 

 It is highlighted that architectural representation environments are very 

effective in the design process. 
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Dijital ortamlar, fiziksel gerçekliklerin alternatiflerini tanımlamaktadır. Sanal 

ve gerçek mekânın birleşimiyle oluşan “sibernetik mekân”, bedensel 

etkileşimle yeni bir deneyim ortamı oluşturmaktadır. Bu çalışma, beden, 

fiziksel çevre ve sanal mekânın kesişiminde hibrit tasarım tekniklerini 

kullanarak yeni temsil biçimleri üretme potansiyelini araştırmaktadır. Ayrıca 

etkileşimli tasarım ortamlarının, tasarım disiplinleri için mekânsal öğrenmeyi 

güçlendirmede taşıdığı öneme dikkat çekmektedir. Araştırmanın kapsamı, 

dijital ortamlarda yaparak öğrenmeyi destekleyen, jest tabanlı etkileşime dayalı 

hibrit bir mimari tasarım yazılımının geliştirilmesini içermektedir. Uygulamaya 

dayalı (practice-based) bir araştırma metodolojisi benimsenmiştir. Senaryo 

tabanlı tasarım değerlendirmesi için araştırmacının kendi kullanım durumlarını 

içeren öz-yönlendirmeli oturumlar gerçekleştirilmiştir. Bu süreçte el 

hareketlerini algılayan ve sezgisel bir şekilde üç boyutlu mimari modellerle 

etkileşim kurulmasını sağlayan Leap Motion cihazı (kızılötesi kameralar ve 

sensörlerden oluşan bir cihaz) kullanılmıştır. Bulgular, bu tür hibrit sistemlerin 

mekânsal farkındalığı artırabileceğini ve tasarım eğitiminde bedene dayalı bir 

tasarım deneyimi geliştirebileceğini ortaya koymaktadır. 
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İletişim 

 

 Maketin el-göz koordinasyonunı geliştirici özelliğini ve dijital modelin 

pratikliğini birleştirecek hibrit bir tasarım ortamı önerilmiştir. 

 Sanal ve gerçek mekan birlikteliğinde oluşan sibernetik mekanların yeni 

deneyimler sunması potansiyeli üzerinde durulmuştur.  

 Mimari temsil ortamlarının tasarım sürecinde oldukça etkili olduğu 

vurgulanmıştır. 
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1. INTRODUCTION 

From the early years of formal education in architecture, physical prototypes have been created, 

and abstract ideas have been tried to be embodied with three-dimensional representations 

(Dunn,2014). Three-dimensional models for the discipline of architecture can be considered as a 

means of exploration to express the design idea and reveal its potential in the early stages of design. 

Aspects of revealing design intention and supporting expressivity and intuitive thinking are also an 

important part of the design process. With the development of design tools along with technology, 

creative design processes are also evolving (Sanders 2013). In the conceptual design phase, 

changing and transforming the produced models helps to produce different design alternatives 

(Knoll & Hechinger, 2008).  In the conceptual design phase, digital tools are used to provide 

cognitive stimulation and experience. Studies indicate that the use of these tools will be beneficial 

in the development of multisensory design methods (Zboinska, 2019; Sun, Wu & Cai 2019; 

Taşlıoğlu, 2018; Treadaway, 2009; Vertegaal & Poupyrev, 2008). 

With the use of digital technologies, new tools and methods are being developed for architectural 

virtual environments. The benefits of digital models such as practical editing, detailed work and 

visualization of design from different angles lead to its widespread use today (Ibrahim & Rahimian, 

2010). According to the research of Chen, Hsiao, & She (2015), it is shown that dynamic three-

dimensional representations contribute to creativity. In this context, an effective digital design 

system should preferably be dynamic and allow a multisensory interaction in digital and physical 

form (Zboinska, 2019). It is stated that designing with new methods hybridizing with digital will 

contribute to reveal the potentials of design (Bermudez, 1997; Anderson et al., 2003; Reffat & 

Arabia, 2007; Turan, 2011).  

Nowadays, technology and experience come together in virtual environments where the subject 

and the digital environment overlap (Walker, 1990). Virtual technologies have developed in recent 

years and are mostly used in the entertainment industry. There are studies on the beneficial effects 

of integrating virtual environments into the design process (Reffat, 2005; Kalisperis et al, 2002). 

While the practical use of digital tools for design disciplines is increasing day by day, design 

education cannot keep up with this differentiation at the same rate. The use of virtual reality and 

dynamic technologies in three-dimensional design methods has not yet become widespread (Özgen 

et al. 2021). Studies show that the sooner designers encounter digital tools, the faster they can adapt 

(Ibrahim & Rahimian, 2010; Varinlioğlu, Alaçam & Halıcı, 2015) 

Recent studies have increasingly explored the use of Leap Motion and gesture-based interactions 

in architectural design and hybrid learning environments. Dong (2024) highlights the 
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transformative potential of XR technologies and interactive systems in design process. Gao et al. 

(2024) proposed a design framework for touchless gesture-based interaction systems, 

demonstrating improvements in user experience. Nguyen et al. (2025) showed that comprehensible 

architectural gestures for robotic furniture can be developed through collaborative design, revealing 

the adaptability of Leap Motion in architectural systems. Similarly, Johnson and Saniie (2023) 

demonstrated how Leap Motion can be used to develop gesture-based user interfaces that operate 

across multiple interconnected systems, enabling seamless human interaction in complex digital 

environments. Dülgeroğlu and Yılmaz (2022) reported that Leap Motion enhances spatial 

awareness and supports intuitive manipulation in architectural design education, while also pointing 

out certain limitations in gesture recognition accuracy. Likewise, Falcao et al. (2015) evaluated the 

use of Leap Motion in graphic design applications and highlighted issues such as gesture 

recognition errors, lack of feedback, and user fatigue. 

Based on these findings, this study does not use Leap Motion merely as a tool for digital input but 

also proposes it as an environment that supports spatial learning. It extends previous definitions 

of hybrid environments by defining hybridity as a cognitive and experiential process that integrates 

hand–eye coordination, intuitive modeling, and spatial awareness. This approach provides a holistic 

and embodied learning model, particularly relevant to early-stage architectural design education. 

Based on reviewed studies and approaches, this study aims to propose a new three-dimensional 

design environment by supporting the designer's experience with physical models through digital 

tools. In this context, it is important not to lose the benefits of the physical model like eye-hand 

coordination, activation of perception and its transformation into experience. An innovative design 

environment proposal was created by evaluating the advantages and disadvantages of traditional 

and digital environments. This study adopts a design research approach, more specifically a 

practice-based methodology. The development of the proposed hybrid interface involves an 

iterative process that includes conceptual framework creation, prototyping, and scenario-based 

design evaluations. The process includes the researcher's own use cases to test functionality, 

usability, and spatial interaction experience. The Leap Motion-based hybrid environment was 

developed using a user-centered design approach, where interaction, feedback, and spatial layout 

were improved through practical testing. This approach is similar to early experimental studies 

often seen in human-computer interaction (HCI) and digital design education. Within the scope of 

the study, new production potentials with digital methods have been proposed by preserving the 

advantageous situations regarding three-dimensional thinking and production practices. This early-

stage application thus serves as a preliminary artifact, offering a foundation for future empirical 

studies, particularly in architecture and design education.  

2. PRODUCING AND PERCEIVING SPACE IN THE DIGITAL AGE 

Architectural representation is not merely a visual means of transmission; it constitutes a 

multilayered relationship between perception, experience, and cultural continuity (Vesely, 2004). 

Digital tools transform this relationship by reshaping how design is perceived and by introducing 

a new understanding of materiality (Picon, 2010). This transformation marks the rise of a hybrid 

culture in architecture, which Carpo (2017) describes as the “second digital turn.” Leach (2009) 

and Menges (2012) argue that this digital shift is not just a formal innovation but a paradigmatic 
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change that opens new spatial possibilities. Colomina (1996; 2019), from a media theory 

perspective, explores how digital media redefines the body and the boundaries between public and 

private space. 

Three-dimensional representations serve as one of the most effective ways to directly establish a 

connection between perception and the body within the design process. Zevi (1957) emphasized 

that two-dimensional representations such as plans, sections, and elevations may fail to fully convey 

or generate space, whereas three-dimensional, bodily-involved experiences enrich spatial 

perception. At this point, technology becomes not only a tool but also an extension of the human 

body (McLuhan, 1964). As these technological components integrate with the body, both space 

and experience are transformed through their mutual interaction. 

New information and communication technologies are transforming not only architectural design 

but also everyday life, learning methods, and interaction practices (Wiltse & Stolterman, 2010). 

According to McLuhan (1994), each new communication technology creates its own environment. 

In this context, technology emerges as a decisive factor in shaping the interaction between 

individuals, society, and space. Today, technological tools do not only alter how we interact but 

also redefine the very nature of experience itself. This transformation opens up new possibilities in 

how spatial awareness and perception are developed. 

In parallel with this transformation, the concept of experience design gains importance. Sanders 

(2006) emphasizes that beyond traditional tools, experience environments developed through 

interactive technologies and new media platforms have the potential to reshape both perception 

and action. Technologies such as virtual reality offer new types of experience in which, although 

the physical body is not transferred into the virtual environment, motor skills are still engaged, and 

a form of mental embodiment through sensory channels becomes possible. This condition leads 

the body to transcend temporal and spatial boundaries, evolving into a more fluid form. Mitchell 

(1995) points out that in such environments, the perception of virtual and physical objects may 

begin to converge, suggesting that in the future, digital technologies will generate alternative 

realities within digital space. 

Considering these theoretical perspectives, the gesture-based hybrid design environment proposed 

in this study is not merely a technical system that combines digital and physical components. 

Rather, it serves as an experiential manifestation of the transformations discussed above. It offers 

a critical framework for rethinking how space is defined in the digital age—where space is no longer 

a static object but an interactive process in which the user becomes both a perceiving and acting 

subject. 

2.1. Representation of Space in Architectural Education in the Digital Age 

The expression of an object or a place through representations occurs through cognitive processes 

between the representation and its producer. The lines produced by a designer during the design 

process are records of the relationships between the components and stages of an evolving design 

(Linzey, 2001). Architectural representations have the power to direct and reinterpret architectural 

practice as well as expressing thought. In addition, it can be states that it creates a new reality that 

plans the objects and the process (Akın, 1986). It is necessary to emphasize that besides being a 
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technical phenomenon, it also has a social and cultural aspect (Gürer & Yücel 2005). In summary, 

architectural representations reflect the mind of the designer from the educational stage and are 

influenced by current conditions. In contemporary discourse, representation is not only a reflection 

of thought but a performative and generative act that enables the production of spatial knowledge 

(Oxman, 2008; Celani & Vaz, 2021). 

In architectural education, learning by doing method, which consists of thinking, doing, producing 

skills and knowledge, is used. Learning by experiencing and doing, which is the basis of architectural 

education, makes design education special by enabling the individual to think in a creative way 

(Dutton, & Willenbrock, 1989). In the creative design process, sketches and drawings are used as 

well as representations that encourage three-dimensional thinking such as digital models and 

physical models. The increasingly complex programs and contents in the discipline of architecture 

create differentiations in terms of design ideas (Schnabel, 2004; Abdelhameed, 2013). The tools 

used in transforming the idea into a design are decisive on the design process and the outcome. 

Isozaki & Asada (1999) mention that all the thoughts in our minds are animated, like computer 

graphics, during the design process. It has been stated that the images in our minds are being 

developed with the feedback received from the represented in order to generate new possibilities. 

With the integration of immersive tools such as VR and AR, students do not only visualize space, 

but also inhabit it cognitively, which enhances experiential learning and decision-making (Pellas et 

al., 2020). 

Working with a physical model during the conceptual design phase improves the student's three-

dimensional thinking skills and enables them to grasp the object-body relationship. Physical model 

making enables the formal and spatial qualities of a design (form, size, color or material, etc.) to be 

explored. Dunn (2014) expressed the model as a way of establishing creative process and visual 

relationships. The easily revised nature of the physical model aids in the search for design 

alternatives (Knoll & Hechinger, 2008). Physical models are also important in terms of perceiving 

the form and program of the space. In addition to being used as an expression of the finished 

space, it is a representation tool that shapes the architectural project and strengthens the spatial 

qualities (Maltzan, 2010). Architectural physical models are design tools that support 

communication and thinking between the designer and the design (Smith, 2004). The first stages 

of a design process are an experimental process in which the design idea is formed, and the qualities 

of the space are constructed (Zaman, 2011).  

Norman (2001) states that the creation of new forms and the expression of complex imagination 

require the search for alternative forms of representation. It is stated that new pedagogical 

discoveries are needed by increasing the association of digital technologies with design studios 

(Oxman, 2006). Creating new digital ecosystems for architecture education and practice that are 

impacted by technological changes is crucial (Reffat & Arabia, 2007). The use of virtual 

environments provides an advantage in terms of eliminating the deficiencies of the systems in the 

design (Anderson et al., 2003). According to Cobb et al, (2002) virtual reality applications in 

architectural design studio can minimize the difference between design ideas and representation. 

New forms of representation may include many tools and methods that enable design to be 

experienced and imagined. 
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The use of computer aided design tools also finds its way into the architectural education 

curriculum. Its effect was not limited to design studios, but the entire architectural education 

curriculum was reshaped with technological tools (Soliman, Taha, & El Sayad 2019). Tschumi 

(2017) stated that the design tools developed with digital technologies fundamentally affect the 

design studio environment. Opportunities provided by digital technology tools go beyond creating 

sketches and appear as a new way of thinking for designers and architects. Design courses focused 

on technology were added to formal architectural education. The number of courses in parallel 

with technological developments and their intensity in the curriculum are increasing. As digital 

ecosystems become more integrated into studio culture, representation shifts from being a product 

of drawing to a multisensory interface—incorporating gesture, simulation, and feedback in real 

time (Soto & Miller, 2023). 

Both physical and digital models have advantages and disadvantages. The two models have missing 

points when it comes to perceiving and experiencing space. In view of the current technological 

conditions, it is necessary to find new techniques which minimize disadvantages (Segers et al., 

2000). Producing hybrid design methods by combining beneficial situations from virtual 

environments and physical models will improve design processes. The design actions carried out 

at these stages are increasingly being transferred to the digital environment. In hybrid design 

settings, bodily engagement with digital environments—such as motion-based interactions—

facilitates embodied spatial understanding and enhances perception of scale and form (Milovanovic 

et al., 2021; Du & Clayton, 2022). 

2.2. Virtual Environments and Hybridization for Architectural Education 

The interaction between environments changing from reality to virtuality defines alternative spaces. 

The digital space created by virtual and real space in connection with each other is called 'cybernetic 

space' (Mitra & Schwartz, 2001). Novak (1991) describes the transition between spaces as "the 

transition from real space to cyberspace... the transition from static to dynamic, from passive to 

active, from all fixed forms to changeable surfaces". Recent studies emphasize that cybernetic 

spaces are not only digital overlays but are entangled systems where perception, action, and 

computation occur simultaneously in architectural experience (Kolarevic & Parlac, 2021). 

Cybernetic space has the potential to provide an experience environment by creating a new 

interface with the interaction of space and body. 

Cybernetic interactions in the digital environment form a hybrid design environment, not by being 

directly connected to space, but by blending into space. Schmitt (2001) defines hybrid as the 

relationship between space and body that generates a new order through digital relationships. 

Hybrid environments extend architectural thinking beyond the visual, enabling designers to engage 

with spatial cognition through embodied interactions and responsive feedback systems (Soto & 

Miller, 2023). The body creates a new dimension for itself between real space and virtual space. 

Experiencing the body provides the opportunity to imagine different spaces (Palumbo, 2000). This 

process reflects a shift from representational embodiment to performative embodiment, where the 

body becomes a site of real-time negotiation between physical materiality and digital abstraction 

(Du & Clayton, 2022). 
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The combination of physical and virtual environment creates an ideal environment for the designer 

to communicate and interact with spatial ideas. It is important to develop a new environment 

proposal that can produce cybernetic spaces by using “hybrid” design techniques in the design 

process by supporting physical models with digital tools. In the study, new production potentials 

are discussed by using digital methods at the intersection of physical and virtual environment. This 

study focuses on a three-dimensional design environment developed for architecture and design 

disciplines. The system was created using the Leap Motion device, which supports hand-eye-mind 

coordination and enables digital-physical mixed reality. Motion-tracking technologies like Leap 

Motion have recently been adopted in architectural pedagogy to promote spatial learning through 

gestural input and embodied interaction, forming the basis of mixed reality studios (Milovanovic 

et al., 2021). Cameras and infrared rays in Leap Motion detect the movement in our hands and 

enable cybernetic experience. A sensation is created at the intersection of the body, physical space 

and virtual space. It is aimed to develop a “new” space experience by using hybrid design 

techniques within the event-action pattern. Such hybrid spatial experiences resonate with current 

trends in architecture where space is no longer a fixed container, but a responsive system shaped 

by bodily movement, environmental feedback, and computational logic (Schnabel, 2020). 

3. GESTURE – BASED DESIGN: HYBRID ARCHITECTURAL MODEL 

ENVIRONMENT PROPOSAL PRODUCED WITH LEAP MOTION 

With the development of new interfaces and new human-computer interaction possibilities, the 

network of cybernetic space has become a natural part of daily life (Jacob, 1994).  Especially with 

the development of natural interfaces, the possibility of cybernetic interaction transforms the way 

of perceiving the world and generating thoughts. Natural user interfaces are the general name of 

technologies provided by the natural movements of the body and computer interaction (Hearst, 

2011). In these interfaces, cybernetic interaction is provided by speaking, looking, touching and 

various body movements. The use of interactive design and visualization technologies in the 

architecture discipline is becoming more common. Goh, Sunar, and Ismail (2019) state that three-

dimensional object interactions can be categorized into three distinct types. These are classified as 

touch-based interaction, air gesture-based interaction and device-based interaction. As stated in 

Figure 1, the Leap Motion device provides interaction based on movements in the air. The Leap 

Motion device is defined as a sensor that aims to convert hand movements into computer 

commands and is used for human interaction with computer systems through gestures (Tölgyessy 

et al, 2023). Treadaway (2009) discusses the role of hands in creative activity, especially when 

working in digital environments. Studies show that hands act as a communication tool that conveys 

the designer's memories and experiences of the design process. In addition, according to the study 

of Treadaway (2009), the hands not only enrich this experience and interaction, but also increase 

the sensory interaction and allow multiple senses to be included in the design process. 
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Figure 1. Transferring hand gestures to computer environment with leap motion (Ohol et al, 2017) 

The Leap Motion device allows advanced gesture-based interaction due to its highly sensitive hand 

and finger tracking capability (Korayem et al., 2021). It detects the area on it by the controller 

positioned on a surface and is sensitive to a range of approximately one meter (Potter et al., 2013). 

There is an IR camera and three infrared LEDs on the device, which observes a hemispherical 

surface. The infrared motion sensor inside the Leap Motion device has software that detects and 

identifies the joints in the hand. It helps to use the computer without touching anything by 

detecting movements up to a height of about one meter with the infrared cameras in the device, 

which are connected to the computer via USB connection and can shoot at 200 frames per second 

(Escobar, 2018). It has been produced as an alternative to conventional computer input devices 

such as keyboard and mouse used nowadays. It is intended to involve the user more in computer 

control with hand - finger movements. The data sent as homogenous matrices describe the position 

and orientation of the hand joints.  

 

Figure 2. Diagram describing the development process of the created model. 

The device, which defines a system that facilitates human-computer interaction, includes additional 

controls to conventional methods. With the help of natural user interfaces shaped by body 

movements (Hearst, 2011), instead of commands such as clicking and touching, it enables the 

desired action to be performed by interacting with the computer environment without touching 

anywhere. This method improves hand-eye coordination and muscle memory with cognitive and 

interactive learning components. It also defines a cybernetic environment by attempting to 

establish the interaction between reality and virtual with technological methods. The cybernetic 

environment tends to create a dynamic space that can change depending on the current interaction. 

It is used as a tool to reflect the dynamic structure of the design to space. The software used to 

create this tool and the way it works are shown in Figure 2. Within the scope of this study, the 
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potential of the Leap Motion device to create an alternative to conventional tools was evaluated to 

facilitate the understanding of space by users. Given the evolving experiences of the younger 

generation raised with technology, this study is expected to make a meaningful contribution toward 

its intended objectives.  

 

Figure 3. Imaginary urban setup designed with 3ds Max and Unity 3D software. 

First, an imaginary urban space was designed within the scope of the proposed digital environment. 

The basic setup of this urban space was created in the 3ds Max (Figure 3). The software has been 

developed to allow users to experience and understand this urban space. The open-source program 

Unity 3D was used in the development of the urban design setup, providing mobility (commands 

such as pushing, pulling) and working in coordination with the Leap Motion device (Figure 2). 

While models can be made in Unity 3D, objects designed in other modeling programs can be used 

after they are converted into appropriate formats. A library has been created that the user can use 

while designing urban spaces. Unity 3D, which usually interacts with programming languages such 

as C# and Java, offers features such as providing visualization, enabling movement, and adding 

sound effects to objects. After the models were created in the study, a scene was constructed in 

Unity 3D. The modeled imaginary urban design consists of green spaces, buildings of various sizes 

and qualities, nodes and urban spaces. The model was provided to help users relate to the scale and 

context by recognizing that they are situated within a specific environment. Urban spaces define 

areas where the user can design using environmental data. In short, the template includes the items 

already provided and the areas left to the users for the design. 
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Figure 4. The diagram showing the surface-device-user relationship of the created model. 

Lynch (1964) says that space should be permanent in the memory and emphasizes that the spaces 

should be in integrity. It reveals which urban elements are used while describing the environment. 

According to Lynch (1964), the appearance and memorability of cities are categorized into five 

basic visual perception elements: paths, edges, districts, nodes, and landmarks. In the study, five 

basic elements of visual perception were considered while providing the materials. The materials 

produced for the model include different types of paths, edges, districts, nodes, landmarks, 

structures of different forms and sizes, and trees of various sizes and types (Figure 4). It is aimed 

to understand how to perceive the design problem and how to develop a design approach to this 

situation. The role of urban architectural elements in design (paths, edges, districts, nodes, 

landmarks etc.) and the dimensions of the intervention express the perspective of the user. 

Furthermore, the relationship between the specified environmental conditions and the design 

context is among the topics addressed in the proposed model. 

In the initial phase of the study, self-guided exploration sessions were conducted to evaluate the 

functionality and experiential aspects of the proposed hybrid environment. Using a Unity-based 

urban model integrated with the Leap Motion interface, fundamental interaction tasks such as 

grabbing, rotating, scaling, and navigating between spatial elements were tested. These sessions 

enabled a preliminary assessment of gesture recognition accuracy, interaction fluidity, and system 

responsiveness. Initial findings revealed occasional inconsistencies in gesture interpretation, 

particularly during complex hand movements. Despite this limitation, it was observed that the 

immediate feedback provided by gesture-based interaction enhanced the user's engagement with 

the system. Moreover, the active use of hands contributed to a multisensory experience that 

included not only visual but also tactile and kinesthetic perceptions. These findings made significant 

contributions to the refinement of the system and the improvement of interaction design. 
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4. DISCUSSION  

4.1. Rethinking Spatial Design: A Comparative Overview of Traditional, Digital and 

Hybrid Environments 

The characteristics of traditional and digital presentation environments are very different. The 

advantages and disadvantages of these environments shape the user experience and guide the 

process of spatial design. While traditional environments allow for physical interaction and sensory 

experiences, digital environments offer spatial independence and flexibility. Traditional 

environments stand out with the advantages of easy comprehensibility and quick feedback 

provided by face-to-face communication. Users can have a more tangible experience by having 

direct contact with projects or products. In digital environments, this situation can be considered 

as a negative aspect. Lack of face-to-face interaction can lead to difficulties in communication 

between users. However, traditional environments also have disadvantages such as transportation 

costs, the loss of time, and the need for physical space. In particular, difficulties in material access 

and limitations in production processes can make traditional environments lack flexibility. Digital 

environments are advantageous in terms of being accessible from anywhere and not having 

transportation problems. In addition, the fact that projects can be recorded and accessed again is a 

positive aspect that supports education and design processes. The positive and negative aspects of 

traditional, digital and hybrid design environments are discussed in the table. 

Table 1. Comparison of traditional, digital and hybrid environments 

Traditional Environments 

Positive(+) Easy understanding through face-to-face interaction  
 Direct contact between user and product/project 

 Easy comprehensibility and quick feedback 

 To be able to see directly the size, shape, color, texture in the real world 

Negative(-) Transportation costs 

 Physical space needs (classroom, office, etc.) 

 Material access and production challenges 

Digital Environments 

Positive(+) Being independent of space and time 

 Opportunity to reach a wider audience 

 Recordable and re-accessible 

 Experiencing and imagining the design with virtual reality applications 

Negative(-) Lack of face-to-face interaction 

 Technical problems (internet outage, hardware problems, etc.) 

 Lack of physical activity 

 Feeling socially isolated 

 Difficulty perceiving the scale-ratio relationship with the physical environment 

Hybrid Environments 

Positive(+) Combines the advantages of physical and digital design 

 Enhances spatial perception through gesture-based interaction 

 Supports embodied and intuitive learning 

 Enables rapid prototyping through physical coordination 

 Engages visual, kinesthetic, and cognitive senses 

 Encourages creative exploration through trial and error 

 Establishes scale and proportion through bodily feedback 

 Balances face-to-face interaction with remote accessibility 

Negative(-) Requires specific hardware and software (e.g., Leap Motion, Unity 3D) 

 Provides limited tactile feedback compared to physical models 

 Gesture recognition errors may affect user experience 

 Prolonged use may cause gesture fatigue 

 Technical knowledge may be required to operate the interface 

 Not yet widely implemented in architectural education 
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Guided by the mentioned positive and negative aspects of the digital and traditional environment, 

a hybrid design tool has been suggested within the scope of this study. The infrastructure of the 

hybrid environment proposal consists of the data in the table. It is aimed to provide a more flexible 

solution by combining the strengths of both approaches. In the proposal, the perception of scale 

and proportion was tried to be strengthened. In addition, the study aims to support imagination 

through trial and error by using the rapid production potential of virtual environments. Beyond 

merging the advantages of the two environments, this approach also responds to the evolving 

pedagogical requirements of the digital age. It seeks to establish a new learning space in which 

students can simultaneously develop intuitive and technical design skills.  

The integration of gesture-based control enables users to become not just observers but active 

agents of spatial production. In this respect, hybrid environments activate both bodily awareness 

and cognitive processes (Norman, 2013; Kolarevic, 2003). This direction aligns with recent 

theoretical perspectives emphasizing the transformation of design pedagogy and cognition through 

digital technologies. Colomina (2019) and Picon (2021), for example, argue that digital tools 

reshape not only architectural representation but also the very processes through which we think 

and learn about space. The hybrid tool developed in this study, with its gesture-responsive interface 

and rapid prototyping capability, supports creative problem-solving and design thinking processes 

essential to contemporary education. Ultimately, the proposed system does not merely offer a 

technological solution but a conceptual framework that redefines design interaction in line with 

emerging cognitive and educational needs. 

4.2. Literature-Based Comparative Discussion 

This study proposes an original hybrid design environment that combines the perceptual power of 

physical modeling with digital design tools. The developed system reintegrates bodily engagement 

into the design process, particularly through gesture-based interaction enabled by Leap Motion. In 

this sense, it differs from traditional modeling tools that rely solely on visual representation in 

digital environments. The positive and negative aspects of traditional and digital design 

environments were analyzed in the study, forming the basis of the proposed hybrid tool. By 

combining the strengths of both approaches, the hybrid solution aims to offer greater flexibility. 

The tool enhances perception of scale and proportion and supports imagination through trial-and-

error using the rapid production potential of virtual environments. 

For instance, Schubert et al. (2015) emphasizes the ergonomic benefits of digital control through 

Leap Motion yet focuses less on its contributions in educational contexts. In contrast, the 

interaction experiences in this study demonstrate that the system enhances intuitive learning in 

design education. The study by Tang et al. (2016) focuses on the technical capabilities of Leap 

Motion in the context of digital architecture but pays limited attention to the connection between 

bodily experience and conceptual design. This research, however, brings the effects of physical 

modeling on hand-eye-mind coordination into the digital realm, thereby supporting spatial 

awareness and three-dimensional thinking. Similarly, Falcao (2015) discusses the impact of digital 

fabrication tools on spatial configuration but does not extensively address the pedagogical 

dimension of interactive systems. This study highlights the potential of hybrid environments in 

both experiential and pedagogical dimensions of design education. Furthermore, Falcao (2015) 
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emphasizes the importance of supporting digital tools with bodily experience. The developed 

software in this study offers a novel contribution by enabling simultaneous experiences of touch, 

hearing, and vision in a digital environment.  

Technology and spatial experience converge in virtual environments where the subject and the 

digital setting intersect to create immersive design processes (Walker, 1990). Although the use of 

such environments remains limited, their application has expanded across diverse fields such as 

informatics, entertainment, and engineering (Billinghurst & Kato, 2002). Recent literature indicates 

a growing interest in utilizing virtual environments within design disciplines, especially for 

enhancing interaction and experimentation. Zboinska (2019) argues that effective digital design 

systems should be dynamic and support multi-sensory interaction, merging digital and physical 

experiences. Building on these principles, the present study introduces a hybrid design software 

that enables multi-sensory engagement by integrating visual, tactile, and auditory stimuli within a 

digital platform. Developed through Unity 3D and operated via Leap Motion, the system facilitates 

gesture-based interaction, reinforcing hand-eye-mind coordination throughout the design process. 

Furthermore, the conceptual framework developed by Lynch (1964) on spatial perception was 

referenced in the design of the software’s user interface, aiming to support spatial experience at a 

cognitive level as well. Although the tool has not yet been tested in an educational setting, it 

functions as a preliminary prototype for future studies aimed at improving digital tools in design 

pedagogy. 

4.3. Self-Guided Usability Reflections and Limitations 

In this study, the initial evaluation of the system was conducted through individual user sessions 

performed by the researcher. These exploration-based sessions demonstrated the system’s 

functionality in translating early design ideas into digital spatial representations. The intuitive nature 

of gesture-based control supported body–mind coordination and enabled a more holistic 

engagement in the design process. However, the lack of tactile feedback was identified as a 

significant limitation. Compared to physical models, the digital environment offered a more 

abstract interaction experience, which led to difficulties in intuitively grasping certain spatial 

decisions. In this context, Dülgeroğlu and Yılmaz (2020) also point to the negative impact of digital 

design environments that lack tactile elements on user experience. Nonetheless, the gesture-based 

controls in the proposed system partially compensated for this limitation through real-time visual 

feedback and coordinated interaction. In parallel with Ishii and Ullmer’s (1997) concept of 

“tangible user interfaces,” this study proposes a method that prioritizes bodily engagement in the 

production of digital space. 

Given that the evaluation process was based solely on the researcher’s experience, the findings are 

not intended to be generalizable. However, they provide a qualitative example of how researcher-

led experiences can be functional in early-stage prototype development. Similarly, Gaver (1991) 

argues that personal experience is a valuable tool in the early exploration and interpretation phases 

of design research. In future studies, systematic user testing with student participation will allow 

for more comprehensive evaluations in terms of pedagogical effectiveness, intuitive use, and design 

outcomes. In this way, the system can be developed not only as a technological tool but also as a 

learning environment that supports experiential and conceptual understanding in design education.  
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5. CONCLUSION 

Technological advances are changing the way of thinking and understanding. This change also 

provides paradigm shifts in terms of production and perception of space in the new age. Virtual 

spaces differentiate our perception of reality and make it inevitable to create new relations between 

body and mind. Up to recently, virtual environments could be expressed as areas where the body 

could not be transferred because of technological interfaces and only the mind was a priority. 

However, in today's conditions, new discussion topics arise between virtual - real space and body, 

with the transfer of our body movements and our senses to the virtual environment, thanks to 

natural user interfaces. The perception enriched with digital interfaces points to a hybridization 

between abstract and concrete spaces. Hybridized spaces and interfaces create a new fluidity 

between new body-space experiences and digital-analog environments in today's digital world. The 

senses of space and body can merge and change into spaces that are enriched with action-reaction 

situations and have the quality of an organism in the future. 

In the study, a design tool was created that forms the infrastructure of conceptual thinking and 

facilitates model making in the virtual environment. While there is a physical production in the 

traditional model, there is a virtual production without touching in the digital model. While the 

advantages of the physical model are learning by doing and the use of hand gestures, the digital 

model has applicability, rapid production and accessibility. The materials are required for the 

physical model, and in the digital model, materials are ready in the computer environment. At the 

intersection of physical and digital environment, a proposal for “a hybrid design environment 

software with Leap Motion device” has been developed. In future studies, the sense of reality of 

the environment to be experienced can be further increased by supporting it with cybernetic 

networks. This interface and usage of the device can be further developed and its potential 

enhanced. 

This study offers an original contribution to the ongoing discourse on hybrid design environments 

by integrating bodily interaction with digital spatial design. It highlights the potential of intuitive, 

embodied tools to reshape architectural education and practice. The current version of the system 

functions as a demo prototype and has not yet been tested in a classroom setting. However, initial 

observations suggest that such hybrid environments can effectively complement traditional design 

studios within the context of increasingly digitalized education. Future studies are encouraged to 

conduct empirical tests with student groups and develop the interface iteratively based on usability 

data. In addition, broader interdisciplinary collaborations involving experts in education, design, 

and technology are recommended. 

The digitalization process, which has accelerated with the Covid 19 epidemic, transforms 

architectural education. In the design studio process, which is one of the main actors of 

architectural design education, digital productions have increased with online courses. Physical 

models are no longer preferred for reasons such as access to materials and difficulties in production. 

While the architectural physical model is used as one of the ways to understand a space and 

establish it, 3D models have started to take its place. With the models produced in the computer 

environment, it becomes difficult to perceive the ratio-scale relationship with the physical 

environment or the relationship between topography-street-building. It is important to create and 
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disseminate hybrid environments which can play an active role in learning processes and support 

new forms of experience. 

Existing digital design environments are criticized in many ways, and different digital design tools 

that support creativity and that are not rigid are beginning to emerge with new technologies. With 

current technology, design tools and representation methods have a direct impact on the final 

product. The hybrid environment produced can be used in an interdisciplinary working 

environment with experts such as software developers, designers, educational scientists and 

architects. The proposed interface may become a design tool that will reflect students' imagination 

and help them develop original design approaches. It can bring a different perspective to the 

relationship between representation-experience-perception by contributing to the process of 

thinking-designing-production within the scope of architectural education and practice.  
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