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Wilde, Professor of Energy and Building Design at Lund University (Sweden), recognized 

internationally for his expertise in building performance modelling and simulation. 

 

This Proceedings Book compiles the written contributions presented at the conference, 

including both peer-reviewed papers and keynote addresses. All authors submitted papers 

(ranging between 1500 and 3000 words), which were blind peer-reviewed by the Scientific 

Committee to ensure academic rigor and quality. The accepted papers published herein 

represent a diverse and inspiring collection of ideas that reflect the conference’s central aim to 

go beyond all limits in reimagining sustainability for the built environment. 

On behalf of the Conference Organization Committee, we would like to express our deepest 

gratitude to all members of Çankaya University, Università degli Studi della Campania “Luigi 

Vanvitelli”, Lund University, and Azerbaycan Technical University for their invaluable 

contributions, dedication, and collaborative spirit in organizing this international event. 

We would also like to extend our sincere appreciation to all authors, speakers, reviewers, and 

participants for sharing their research, insights, and visions. Your active participation and 

commitment to advancing sustainable design and planning make this conference a vibrant and 

meaningful academic platform. 

We wish you all a productive and inspiring conference experience, filled with fruitful 

discussions, new collaborations, and lasting connections. 

 

Conference Organization Committee 

BEYOND ALL LIMITS 2025 – 3rd International Conference on Sustainability in 

Architecture, Planning, and Design 

  



BEYOND ALL LIMITS 2025: 3rd International Conference on Sustainability in 
Architecture, Planning, and Design, 16-17 October 2025, Ankara, Türkiye 

 

 
10 

 

TABLE OF CONTENTS 

COMMITTEES 1 

Honorary Committee 1 
Organizing Committee 2 
Scientific Committee 3 

FOREWORD 8 

KEYNOTE SPEAKERS 25 

Climate-Safe Design in Natural Energy Buildings 
Susan Roaf 

26 

BIM 2 BEM: from Building Information Model to Building Energy Model 
Pieter de Wilde 

39 

CONFERENCE PAPERS 46 

 

  



BEYOND ALL LIMITS 2025: 3rd International Conference on Sustainability in 
Architecture, Planning, and Design, 16-17 October 2025, Ankara, Türkiye 

 

 
11 

 

CONFERENCE PAPERS 46 

SUSTAINABILITY IN MATERIALS 47 

Holistic Design Decision Making at the Nexus of Sustainability and Fire Safety 
Engineering: A Preliminary Review of Current Limits and Challenges 

Asala Bandak, Brian Meacham, Ricardo Bernardo, and Pieter de Wilde  

48 

Sustainable Heritage Documentation of the Frigidarium Mosaics in the Great Bath 
Complex at Syedra 

Başak Kalfa, Ayşe Nihan Avcı, Hatice Ergürer 

62 

Biomimetic Transformation in Pavilion Typology: Comparative Analysis of Nature-
Inspired Materials for Sustainable Design 

Dilara Güneş Kıratlı, Özgür Yakın 

71 

Towards the Definition of Circular Bio-Hybrid Building Materials.  
An Experimental Glossary Linking Research and Design 

Gabriele Rossini, Paola Altamura, Serena Baiani 

86 

  



BEYOND ALL LIMITS 2025: 3rd International Conference on Sustainability in 
Architecture, Planning, and Design, 16-17 October 2025, Ankara, Türkiye 

 

 
12 

SUSTAINABILITY IN MODELLING, ASSESSMENT, AND DESIGN TOOLS 102 

Sustainable Modelling of Historic Masonry: Learning from the Past 
Claudia Cennamo, Luciana Di Gennaro, Giorgio. Frunzio, Luigi Massaro 

103 

Digital Models as a Tool for Sustainability in Museum Spaces 
Gianluca Gioioso, Luigi Corniello 

113 

Optimizing Acoustic Performance of a Seminar Room in a Cultural Heritage Building 
Işılsu Arık, Zeynep Sevinç Karcı, Cemre Uğurlu 

123 

Systematic Analysis of the Life Cycle Assessment Method in Renovation Works 
Merve Nur Taşcı, Ayşegül Tereci 

133 

A Socio-Economic and Environmental Decision Support Model for The 
Implementation of Whole-Life Zero Carbon Office Buildings 

Nuri Cihan Kayaçetin, Ayşegül Tereci, Gülsu Ulukavak Harputlugil, Başak 
Yüncü Karanfil, Merve Kılınç Gilisıralıoğlu, Diğdem Karaer 

143 

Computational Workflow for Energy-Efficient Building Design: Review of Current 
Challenges and Opportunities 

Pouria Elahi, Carlos Martinez, Marie-Claude Dubois, Pieter de Wilde 

152 

Comparative Analysis of Life Cycle Assessment (LCA)-Process-Oriented Approach 
with Campus Sustainability Assessment Systems 

Zeki Solmaz, Gökçe Tuna 

163 

  



BEYOND ALL LIMITS 2025: 3rd International Conference on Sustainability in 
Architecture, Planning, and Design, 16-17 October 2025, Ankara, Türkiye 

 

 
13 

SUSTAINABLE PLANNING AND DESIGN 172 

Civic Use Landscapes as Resilient Infrastructure: Technological Strategies for Energy 
Communities 

Antonella Violano 

173 

Evaluation of Solid-State Lighting According to Biophilic Design Principles  
Aze Yıldız, Mine Yıldıran, Damla Tunçaylar, Serap Turan, Tamer Avcı, Ayşe 
Nihan Avcı 

185 

From Grey to Green: Rethinking Urban In-Between Spaces through Rooftop 
Agriculture and Climate Design 

Maria Michaela Pani, Fabrizio Amadei, Giada Romano 

193 

 

  



BEYOND ALL LIMITS 2025: 3rd International Conference on Sustainability in 
Architecture, Planning, and Design, 16-17 October 2025, Ankara, Türkiye 

 

 
14 

 

SUSTAINABILITY IN THEORY 205 

New life on M.A.A.R.T.E.Buildings 
Concetta Tavoletta, Vittorio Vernazzani 

206 

From Screen to Skyline: How Cinema Imagines Biophilic Futures on Sustainable 
Cities  

Çılga Günaydın 

223 

Project of Liberation. The critique of domestic space as a critique of power structures  
Fabrizia Ippolito, Annalaura De Rosa 

234 

Collective space. Project of mobilization  
Fabrizia Ippolito, Ilenia Mariarosaria Esposito 

244 

Architectural Resilience through Adaptive Reuse: Sala Beckett as a Model of Layered 
Sustainability 

Michela Colucci 

253 

Oscillating Between Sustainable Utopia and Dystopia: NEOM City 
Rabia Çiğdem Çavdar 

259 

  



BEYOND ALL LIMITS 2025: 3rd International Conference on Sustainability in 
Architecture, Planning, and Design, 16-17 October 2025, Ankara, Türkiye 

 

 
15 

SUSTAINABILITY CHALLENGES IN URBAN DESIGN AND PLANNING 266 

The Role of Cultural Heritage at the Intersection of Circular Economy and Rural 
Development  

Ayşe Manav 

267 

Being on the Edge: Searching the Continuity of Rural Characteristics in the Urban 
Periphery  

Başak Demir, Deniz Altay Kaya, Damla Yeşilbağ 

277 

Indicators and Parameters of The Five Capitals in the Sustainable Livelihoods 
Framework: A Comprehensive Literature Review  

Cengiz Yenikalaycı, Serap Kayasü 

287 

Caring for the Emergency City 
Ludovica Gregori 

300 

Complex Systems for Sustainability and Representation of Infrastructure and 
Transport. From Photogrammetric Survey To 3D Modelling  

Luigi Corniello, Andrea Maliqari, Alice Palmieri, Gianluca Gioioso, Manuela 
Piscitelli 

310 

Ecological Issues in Circular Cities Transformation 
Rossella Franchino, Caterina Frettoloso, Francesca Muzzillo 

321 

  



BEYOND ALL LIMITS 2025: 3rd International Conference on Sustainability in 
Architecture, Planning, and Design, 16-17 October 2025, Ankara, Türkiye 

 

 
16 

SUSTAINABILITY IN PERCEPTION, EXPERIENCE, AND BEHAVIOUR 331 

Observation-Based Experience of Delft: From Object(hood) Interfaces to Familiarity 
and Cultural Sustainability 

Nilüfer Talu, Zeynep Oğrak 

332 

Beyond the Class Hours: Interior Architecture Students’ Use of Faculty Spaces in Their 
Leisure-Time 

Çetin Tünger, Zeyca Örer Söğüt 

346 

Urban Identity, Place Attachment, and Social Sustainability: The Case of Hasanpaşa 
Neighborhood 

Deren Onur, Gülbin Lekesiz, Güliz Özorhon 

356 

Sustainable Playgrounds: Affordance-Based Approaches to Design and Play 
Engagement 

Güniz Sağocak, Güler Ufuk Demirbaş 

368 

Sustainable Morphological Transformation in a UNESCO World Heritage Site: A 
Space Syntax Study of Bursa Khans District 

İmran Gümüş Battal 

378 

Perception, Emotion, and Behavior in In-Between Spaces: A Neuroarchitectural 
Approach to Climate Neutrality 

Maria Michaela Pani 

388 

Neuroarchitecture and Penal Rehabilitation: The Empathic and Sustainable Model of 
Halden Prison 

Monica Santoro 

398 

  



BEYOND ALL LIMITS 2025: 3rd International Conference on Sustainability in 
Architecture, Planning, and Design, 16-17 October 2025, Ankara, Türkiye 

 

 
17 

SUSTAINABILITY FOR CULTURAL HERITAGE AND HISTORICAL STUDIES 404 

Sustainable Conservation of UNESCO World Heritage Sites through Monitoring: 
Göreme National Park and the Rock Sites of Cappadocia  

Bilge Çifci, Tuba Akar 

405 

Research Lines in the History of Environmental Architecture. The SME Power Station 
by Renato Avolio De Martino in San Giovanni A Teduccio, Naples  

Chiara Ingrosso 

416 

Evaluation of Photovoltaic Potential in Ahmet Piristina City Archive and Museum  
Derin Karaoğlu, Belgin Terim Çavka 

423 

Sustainable Design Principles in Traditional Gaziantep Houses  
Ebru Yazgan Serinkaya 

434 

Towards Sustainable Heritage Conservation: An Examination Through Three Historic 
Districts in Ankara 

Elif Bengi Uyan, Leyla Etyemez Çıplak 

448 

Performing Sustainability: The Venice Architecture Biennale as a Stage of Discourse, 
Display, and Dissonance 

Emre Kazandere, Gülser Çelebi 

458 

Climate Change and Other Sources of Stress on Cultural Landscapes: The Case of 
Cappadocia 

Fatma Gül Öztürk Büke 

464 

Between Preservation and Adaptive Reuse the Measurement of Resilience Towards 
Climate Neutrality of Cultural Heritage 

Gaia Garofali, Gaia Turchetti, Serena Baiani 

471 

Preserving Cultural Heritage in Italian Inner Areas: The Key Role of Participatory 
Processes 

Giada Limongi, Francesca Gasparetto, Adriana Galderisi, Ornella Zerlenga, 
Laura Baratin 

485 

Community-Centered Use Adaptations as a Means to Enhance Social Sustainability: 
The Case of Istanbul’s Piers 

Gülce Güleycan Okyay Bayazıt 

495 

Architectural Assessment and Conservation of the Ferhat Pasha Mosque 
Handenur Özdemir, İlke Ciritci 

506 



BEYOND ALL LIMITS 2025: 3rd International Conference on Sustainability in 
Architecture, Planning, and Design, 16-17 October 2025, Ankara, Türkiye 

 

 
18 

Tabriz Bazaar as a Backbone Invaluable Heritage Site: Lessons for Green Adaptive 
Reuse 

Leila Naserimohammadpour, Mohammadjavad Mahdavinejad, Somayeh 
Pourbagher, Nasreen Kauser Dummi, Ahadollah Azami 

516 

The Portuguese Cultural Heritage. Residences and Parks in Sintra 
Luigi Corniello, Gianluca Gioioso 

526 

Reconstruction of Collective Memory through Antakya’s Three Monumental 
Buildings 

Meltem Bayram Açıkgöz, Ayça Özmen 

537 

Casertavecchia as a Laboratory of Sustainability: Documentation, Resilience and 
Inclusive Accessibility of Cultural Heritage 

Ornella Zerlenga, Margherita Cicala, Rosina Iaderosa, Riccardo Miele 

547 

Cultural Heritage Documentation. The complex of Santa Maria della Vita in Naples 
(Italy) 

Ornella Zerlenga, Vincenzo Cirillo, Domenico Iovane, Veronica Tronconi 

562 

Post- Disaster Sustainability of Intangible Cultural Heritage: A Spatial and Socio-
Cultural Evaluation of Antakya Long Bazaar 

Zubeyde Tugba Alkan Celik, Yelda Mert 

573 

  



BEYOND ALL LIMITS 2025: 3rd International Conference on Sustainability in 
Architecture, Planning, and Design, 16-17 October 2025, Ankara, Türkiye 

 

 
19 

CLIMATE CHANGE 588 

Climate Change Adaptation: Current Status in Turkiye 
Begüm Yelda Gür Karabulut, Gülsu Ulukavak Harputlugil 

589 

Sustainable Regeneration of Public Built Heritage for Climate Neutrality, Resilience 
and Social Value. A Comparative Assessment of Four Good Practices 

Chiara Mastellari, Paola Altamura, Fabrizio Tucci 

599 

Small Open Spaces as Urban Climatic Refuges: The Networking Approach 
Farah Lyna Chaib, Rossella Franchino, Caterina Frettoloso, Francesca 
Muzzillo 

612 

Depicting Factors and Parameters of UHI and UHI Intensity 
Melike Berfin Karabacak, Ayşem Berrin Çakmaklı 

623 

 

  



BEYOND ALL LIMITS 2025: 3rd International Conference on Sustainability in 
Architecture, Planning, and Design, 16-17 October 2025, Ankara, Türkiye 

 

 
20 

 

BEST PRACTICES 633 

Passive Building Design Strategies for Different Climatic Zones in Türkiye 
Emine Hilal Arslan, Gülsu Ulukavak Harputlugil, Gülser Çelebi 

634 

Integrating The Sustainable Development Goals Into Interior Architecture Education 
Gülnar Bayramoğlu Barman, Tulû Tohumcu Kaya 

643 

Bridging Design and Performance: Teaching Passive Solar Architecture through 
Simulation-Based Student Projects 

Gülsu Ulukavak Harputlugil, Sinem Sari, Şeyma Nur Demirhan, Gülüstan 
Coşgun Türe, Ahmet Salih Ertuğrul, Rabia Kocamiş 

665 

Community Engagement and Co-Design Processes for Sustainable Urban 
Regeneration. The Utopize Horizon Europe Project 

Raffaella Riva, Giovanni Castaldo, Fabrizio Banfi 

673 

  



BEYOND ALL LIMITS 2025: 3rd International Conference on Sustainability in 
Architecture, Planning, and Design, 16-17 October 2025, Ankara, Türkiye 

 

 
21 

WATER SUSTAINABILITY 683 

Multi-Scale Approach to Integrated Water Resource Management for Architectural 
and Urban Resilience in the European Context 

Lidia Maria Giannini, Giada Romano, Fabrizio Tucci 

684 

 

 

ECONOMY AND SUSTAINABILITY 697 

Financing the Energy Transition: A Comparative Analysis of Green Urban 
Development in Germany and Turkey 

Dilay Kesten Erhart, Ayşegül Tereci 

698 

A Comparative Analysis in the Real Estate Market Between Naples and Istanbul 
Fabiana Forte, Daniela Menna and Yvonne Russo 

709 

Reuse-Oriented Architectural Projects in the Context of Circularity: A Review 
Fehmi Tığlı, Gökçe Tuna 

720 

 

  



BEYOND ALL LIMITS 2025: 3rd International Conference on Sustainability in 
Architecture, Planning, and Design, 16-17 October 2025, Ankara, Türkiye 

 

 
22 

 

INDOOR ENVIRONMENTAL QUALITY 732 

Daylight Performance of Turkish Residential Buildings in the Context of  EN17037 
Ecenur Kızılörenli, Niko Gentile 

733 

Designing with Daylight: Natural Light Strategies in Louis I. Kahn’s Educational 
Buildings 

Fatmanur Atalay 

744 

Evaluating Daylight Performance in a Cultural Heritage Library: A Combined 
Simulation and Measurement Approach at APİKAM 

Lâl Temizler, İlknur Uygun, Belgin Terim Çavka 

755 

Use of Daylight in Mimar Sinan’s Şehzade and Selimiye Mosques: Functional, 
Symbolic, and LEED Certification Criteria Perspectives 

Nagihan Özdemir, Mine Yazıcıoğlu 

767 

Building Materials and Indoor Air Quality: Emission Profiles, Environmental 
Sensitivity, and Pollution Age Concept 

Zeinab Shojaei, Ahadollah Azami 

776 

  



BEYOND ALL LIMITS 2025: 3rd International Conference on Sustainability in 
Architecture, Planning, and Design, 16-17 October 2025, Ankara, Türkiye 

 

 
23 

SUSTAINABILITY AND CONSTRUCTION 793 

Integrating Seismic Resilience and Circular Economy: The Role of Cold-Formed 
Steel in Sustainable Construction 

Maria Antonia Barucco, Bensu Berk 

794 

From Internal Areas to Sustainable Buildings: A Framework for Integrating QGIS and 
LCA for their Planning and Regeneration 

Marica Merola 

803 

A Nature-Based Approach for Regenerative Built Environments 
Monica Cannaviello, Francesca Muzzillo 

812 

Building Technological Disaggregation Methodology to Improve Knowledge About 
the Existing Building Stock for Circularity 

Roxana Georgiana Aenoai 

823 

 

  



BEYOND ALL LIMITS 2025: 3rd International Conference on Sustainability in 
Architecture, Planning, and Design, 16-17 October 2025, Ankara, Türkiye 

 

 
388 

 
 
 
 
 

PERCEPTION, EMOTION, AND BEHAVIOR IN IN-BETWEEN 
SPACES: A NEUROARCHITECTURAL APPROACH TO CLIMATE 

NEUTRALITY 

 

 

 

Maria Michaela Pani1* 

 

  

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1Planning, Design, Technology of Architecture Department, Sapienza University, Rome, Italy, 

mariamichaela.pani@uniroma1.it  



BEYOND ALL LIMITS 2025: 3rd International Conference on Sustainability in 
Architecture, Planning, and Design, 16-17 October 2025, Ankara, Türkiye 

 

 
389 

Perception, Emotion, and Behavior in In-Between Spaces: A 
Neuroarchitectural Approach to Climate Neutrality 

 
Abstract: The paper investigates how architectural and spatial design can influence perception, 
cognition, and emotion, thereby shaping sustainable behavior. The study examines how in-between 
spaces—transitional, and often overlooked environments, such as courtyards, atria, plazas, pocket parks, 
and pedestrian streets—can act as catalysts of pro-environmental action. Drawing on advances in 
neuroscience, environmental psychology, and environmental technological design, a conceptual 
framework links spatial features, multisensory perception, neural activation, affective states, and 
behavioral outcomes. In-between spaces are shown to function as cognitive and emotional interfaces 
that enhance social interaction, biophilic engagement, and behavioral nudging toward practices such as 
active mobility, recycling, resource sharing, and reduced energy use. The paper argues that sustainability 
should be understood not only as a technical or ecological objective, but as a lived and perceptual 
phenomenon embedded in everyday spatial experience. Ultimately, in-between spaces emerge as 
strategic thresholds for fostering resilience, well-being, and climate-conscious urban life. 

Keywords: in-between spaces; sustainability; neuroarchitecture; climate neutrality; behavioral nudge 

Introduction 

 In-between spaces occupy a strategic role in the transition of cities toward climate 

neutrality. Often conceptualized as liminal voids, absences, or thresholds between built forms 

(Piccinno & Lega, 2013), they constitute fertile grounds for experimentation with sustainable 

urban futures (Rahmann & Jonas, 2011; Tucci, 2018). Despite their frequent neglect, these 

spaces mediate everyday life, influence microclimatic regulation and foster social and spatial 

connectivity. Through environmental technological design, they can enhance environmental 

quality, regulate urban dynamics, improve safety and usability, and, in advanced scenarios, 

promote circular resource management (Tucci et al., 2021). 

 Evidence from suburban regeneration projects shows that attention to public and shared 

spaces generates systemic improvements at the district scale (Tucci et al., 2021). Such outcomes 

highlight the significance of relationships between buildings and common spaces, advancing 

health, well-being, and social equity. Emerging models such as decentralized energy systems 

(Bögel et al., 2021) and the “15-minute city” (Moreno et al., 2021) reinforce the role of 

proximity and functional diversity in shaping sustainable lifestyles. 

 Urban form conditions both bioclimatic performance and residents’ behaviors, which 

are mediated by sensory perception and emotional engagement. For example, integrating cycle 

paths, pedestrian corridors, and local services increase walkability and equitable mobility 

options, accommodating diverse needs across age and health profiles (Lee & Buchner, 2008; 

Gehl, 2011; Weng et al., 2019).  
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 Certification systems such as LEED and BREEAM focus on environmental metrics, 

while TODS emphasizes mobility, and WELL prioritizes user well-being. In parallel, 

neighbourhood-scale frameworks, such as Green and Thriving Neighbourhoods (C40 & Arup, 

2021), advance climate-neutral urban design. 

 In this context, in-between spaces emerge as connective infrastructures mediating 

interactions among users, functions, and technologies, thereby contributing to systemic 

decarbonization strategies and enhancing urban resilience (Angelucci, 2023; Andaloro et al., 

2022). Their adaptability, combined with responsive technologies and flexible architectural 

forms, allows them to actively interact with changing environmental conditions. 

 Designing accessible and inclusive public spaces can support active mobility, counter 

sedentary lifestyles, and foster public health goals (WHO, 2017). Moreover, embodied 

practices such as Tai Chi Chuan and Yoga—known to modulate prefrontal and limbic 

activation, reduce stress, and enhance interoceptive awareness (Tang et al., 2015; Fox et al., 

2016)—illustrate how spatial and bodily perception can reinforce emotional regulation and 

prosocial orientations. Incorporating opportunities for such practices into in-between spaces 

may further strengthen their restorative and pro-sustainability impact. 

 This contribution aims to investigate how in-between spaces can be strategically 

designed to foster sustainability not only as a technical performance but as a lived and perceived 

experience. Through a combination of theoretical grounding, case study analysis, and design 

strategies, integrating neuroarchitecture and environmental psychology features, the paper 

seeks to demonstrate how in-between spaces can act as active agents of behavioral change, 

supporting decarbonization, resilience, and social well-being in urban environments. 

Spatial perception and behavioral nudging  

From the environmental psychology perspective, space functions as a medium that 

affords action, physical environments can communicate possibilities for behavior (Gibson, 

1979). In terms of sustainability, spaces may be designed to afford pro-environmental actions 

such as walking or recycling. Thus behavioral nudging—the use of subtle cues that guide 

decision-making without constraining freedom of choice—has emerged as a central strategy 

for promoting sustainable practices (Thaler & Sunstein, 2008). 

Architectural and urban design interventions can make sustainable choices more 

intuitive, effortless, and socially desirable. Examples include the placement of an inviting, 

naturally lit staircase in a central lobby to promote active mobility, or the positioning of 

recycling bins in highly visible courtyards and plazas to encourage proper waste separation. 
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Similarly, shaded walkways, tree-lined seating areas, and public water-refill stations can 

encourage walking, lingering outdoors, and reducing single-use plastics. These interventions 

rely on perceptual salience and affective responses: environments that are attractive, 

comfortable, or socially engaging shape cognitive appraisal and increase the likelihood of 

sustainable habits.  

From a neuroarchitectural perspective, transitional spaces can be chosen not only to 

accommodate but to actively foster pro-environmental behavior. Neuroarchitecture emphasizes 

that the brain response to build environments is neither neutral nor passive. Spatial qualities—

form, materiality, lighting, and acoustics—elicit measurable neural activity that influences 

mood, attention, stress, and behavior. Key brain regions involved include the prefrontal cortex 

(executive function, decision-making), the insula (interoceptive and emotional awareness), and 

the limbic system (emotion and memory regulation) (Coburn et al., 2020; Edelstein & 

Macagno, 2012). Research also demonstrates that environmental features such as daylight, 

greenery, openness, and coherent visual patterns reliably activate positive affect and cognitive 

engagement (Kaplan & Kaplan, 1989). 

To conceptualize these processes in relation to sustainability, a five-stage framework 

can be proposed. First, Spatial Features of in-between spaces—configuration, materials, natural 

light, vegetation, acoustic quality—establish the physical affordances of place (Higuera-

Trujillo et al., 2021; Han et al., 2025). These features shape Multisensory Perception, where 

visual, acoustic, thermal, tactile, and olfactory stimuli are integrated into a holistic spatial 

experience (Djerbbara et al., 2022). The Neural Activation is triggered, engaging regions linked 

to attention (prefrontal cortex), interoception (insula), emotional salience (amygdala), and 

contextual memory (hippocampus) (Vecchiato et al., 2015). This activation produces an 

Affective State characterized by comfort, safety, social connection, or aesthetic pleasure, which 

are critical for psychological well-being (Gehl, 2011; Qu & Ma, 2024). Finally, these affective 

states manifest as Behavioral Outcomes, expressed in social interaction, cooperation, and 

sustainable actions such as recycling, energy conservation, active mobility, or resource 

management (Han et al., 2025). 

 

Figure 1. The five-stage process that exemplify the connection between spatial features and 
behavioral outcomes.  
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This model highlights that sustainability is not merely the result of design decisions or 

policies but is also perceived, felt, and enacted through everyday encounters with space. The 

design of in-between spaces thus extends beyond aesthetics and functionality, relying instead 

on empirically supported pathways linking spatial features to perception, neural activation, 

affect and behavior. Evaluation of these dynamics may combine subjective measures (e.g., 

surveys on comfort and perception) with objective indicators (e.g., behavioral patterns, space 

utilization), offering an evidence-based framework for shaping resilient and sustainable urban 

communities. 

Defining In-between spaces  

 In social geography, the “betweenness of space” refers to the quality of places as 

contexts in which human action unfolds, positioned at the boundary between objective and 

subjective realities, framing in-between spaces as mediators between dual poles—Being and 

Staying—emphasizing their role as thresholds of experience (Entrikin, 1991). 

 Because of their transitional character, in-between spaces are particularly fitted to 

behavioral nudging: interrupting routine movement and providing moments of pause and 

sensory reflection, they create opportunities for intentional, sustainable action that may not arise 

in more static environments. 

 In-between spaces, for their transitory and transformative qualities, are resistant to fixed 

classification within binary logics (Carmona, 2010). Accordingly, they can be systematized 

through different approaches. For instance, they may be categorized according to their 

predominant dimension—design, socio-cultural, ownership, or climatic—or by their spatial 

relationship within the urban fabric: in-between spaces directly related to buildings, whether 

internal or external, often semi-public or private, such as courtyards, gardens, and shared 

residential areas; spaces between buildings, hosting a wide range of essential and optional urban 

activities, including streets, squares, parks, and residual voids. At a larger scale, networks of 

in-between spaces can be conceived as synergistic systems of interconnected typologies that 

collectively structure urban life (Tucci et al., 2023). 

 These spaces frequently accommodate hybrid functions—circulation, encounter, rest, 

or transition (Ghel, 2011). Their physical attributes, including enclosure, visibility, 

accessibility, and sensory qualities, vary widely yet consistently enable multisensory 

engagement and social affordance, making them dynamic environments strategically designed 

to support interaction, reflection, and sustainable practices. 
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A Holistic Design for In-between Spaces   

 Designing in-between spaces as catalysts for behavioral change requires strategies that 

integrate green and blue infrastructure, enhance functional proximity, and support circular and 

sharing economies. 

 Nature-based strategies, such as the enhancement of vegetation, water and soil, improve 

microclimatic comfort, enhance CO₂ absorption, foster biodiversity, and strengthen 

neighbourhood resilience to extreme events. Embedding green and blue networks across 

multiple scales—from building courtyards to metropolitan parks—and ensuring access to 

natural areas promotes both physical and psychological well-being. 

 Strategies of proximity emphasize functional and social diversity, sustainable mobility, 

and urban vitality, reinforcing belonging, safety, inclusivity and equity while supporting 

healthier lifestyles. Mixed-use development, where essential destinations are within walking or 

cycling distance, fosters active mobility. Public spaces with active frontages, well-lit pathways, 

bike lanes, and recreation areas promote safety, livability, and social cohesion. Spatial rhythms, 

sightlines, and sensory gradients (light, sound, texture) can modulate attention, encourage 

exploration, and ensure accessibility for all users, regardless of age or ability. 

 Several international projects illustrate the transformative potential of in-between 

spaces. 

The skyscraper Capitaspring (BIG and CRA, 2021), Singapore, hosts a Green Oasis that 

mimics tropical rainforests. The green buffer is extended across four central floors, connected 

by a spiral walkway, and offers a variety of spaces for work, relaxation, exercise or events. 

Together with the roof garden guaranties a 1:1,4 ratio of ground surface/green areas, providing 

tenants and residents with abundant access to green spaces.  

 Tainan Spring (MVRDV, 2020) is a virtuous reuse of an abandoned shopping centre in 

the city centre of Singapore into a urban lagoon, that connect city and nature through large 

planting areas, providing multiple layers of vegetation, according to the active street frontage. 

During hot periods, nebulizers improve microclimate condition with a positive impact both on 

the heat island phenomenon and on the reduction of air conditioning use.  

 The Central Park of Taichung (Rahm Architects, 2020), Taiwan, was realized on an 

abandoned airport and designed according to the specific climate to offer cooler, drier, and less 

polluted places, encouraging outdoor activities. The park acts as retention basins, preventing 

flooding. Walkers can choose paths on their smartphone, thanks to a real-time map of climatic 

variations, measured through heat, humidity, and air pollution sensors. At night lighting is 
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dimmed to preserve the circadian biological cycles of animals. The photovoltaic canopies 

produce all the energy used in the park, which is thus totally carbon neutral. 

 Park’n’Play (JAJA Architects, 2016) is a parking house in Copenhagen with a vibrant 

rooftop, equipped with a playground and spaces for physical exercise.  Incorporating playful 

elements in the building and in the plaza nearby, make them more engaging and inviting for 

physical activity. Similarly, in Karen Blixen Plads (Cobe, 2019) the domes offer shelter for an 

hypogeal bike parkings and on top stages or community places, connecting the plaza to the 

natural area nearby. 

 Using a repeatable approach to sustainable urban development, One Green Mile 

(MVRDV, 2022) transforms the space beneath the flyover concrete structure of one of the major 

roads of Mumbai, into a safe pedestrian insula with amenities and greenery. The sinuous blue 

stripes create a cohesive visual identity across all elements of the space and a strong visual 

identity, making it a new benchmark for underused space. On the other side, in Seoul, Seoullo 

7017 converts the former highway into a skygarden that connect the city to nature (MVRDV, 

2017). 

 These cases highlight how reimagining in-between spaces can expand ecological 

performance, promote active mobility, and foster inclusive urban life. By strategically 

repurposed neglected or residual sites, cities can transform structural voids into vibrant hubs 

that simultaneously advance sustainability, resilience, and collective well-being. 

Conclusion 

 As sustainability challenges intensify, design must expand its focus from technical 

efficiency to lived experience. In-between spaces hold significant potential to foster 

sustainability through perception, affect, and behavior. Informed by neuroarchitecture and 

environmental psychology, these thresholds can be reframed as perceptually rich environments 

that prime individuals for pro-environmental action. 

 Well-designed neighborhoods exemplify this shift by repurposing underutilized areas, 

encouraging active lifestyles, and promoting engagement through participatory and 

collaborative initiatives. Within this framework, circular and sharing strategies, supported by 

behavioral nudges, enable practices such as waste reduction, resource recovery, and energy 

self-sufficiency. 

 Despite methodological challenges—such as measuring neural responses in dynamic 

contexts and accounting for cultural heterogeneity—the implications are substantial. For urban 
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planning, it suggests a transition from infrastructure-centred paradigms to user-centred and 

perception-based approaches. For architecture, it calls for design strategies that integrate 

sensory richness, inclusivity, and ecological performance. For policymakers and communities, 

it underscores the importance of fostering environments where sustainability is not an abstract 

goal but a distributed, tangible, and lived experience. 

  Ultimately, sustainability should not only be encoded in buildings as technical 

performance indicators but also embedded in the experiential logic of space. Transitional 

environments are catalysts of awareness, social connection, and sustainable action. Applying 

the lens of neuroarchitecture to in-between spaces provides a powerful paradigm shift: 

rethinking “the spaces between” as generators of well-being, relationality, and ecological 

responsibility. 
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