
 

Vegueta. Anuario de la Facultad de Geografía e Historia 
25 (2), 2025 

eISSN: 2341-1112 
EXPLORING USER PERCEPTIONS OF NATURE-INSPIRED, 3D-PRINTED LAMPS: INSIGHTS 

AND INDUSTRY IMPLICATIONS 

 

Gyandev Mohanta¹, Kumar Sambhav², Monica Singh³, Ranganath M. Singari⁴ 

¹² Department of Design, U.P. Institute of Design, Noida 

³⁴ Department of Design, Delhi Technological University, Delhi, India 

Ksambhav@upidnoida.ac.in; monicasingh.dtu@gmail.com 

 

ABSTRACT 

This study investigates user perceptions of nature-inspired, 3D-printed lamps, emphasizing the convergence 

of biophilic aesthetics, sustainability, and customization in contemporary design practice. Against the 

backdrop of urbanization and the increasing detachment from natural environments, lighting products are 

emerging as lifestyle artifacts that embody emotional resonance and ecological responsibility. Drawing on 

literature review, market benchmarking, and a structured survey of 52 participants aged 18–34, the research 

provides both quantitative and qualitative insights into consumer expectations. Descriptive statistics reveal 

strong biophilic preferences, with 90% of respondents favoring organic and asymmetrical geometries, and 70% 

expressing demand for deep customization beyond superficial variations. Openness to bio-based or recycled 

materials was reported by 65%, although concerns about durability and safety (22%) highlight conditional 

acceptance of sustainability. Placement preferences for living rooms, bedrooms, and workspaces (76%) 

confirm the role of lamps as ambience-creating lifestyle artifacts. Inferential analyses further reinforce these 

findings: chi-square tests revealed significant age effects on sustainability acceptance, ANOVA indicated 

higher eco-trust among students compared to professionals, and regression analysis identified aesthetic 

preference, sustainability trust, and customization demand as strong predictors of adoption intention, while 

affordability concerns negatively influenced adoption. Qualitative responses underscored the importance of 

storytelling, with lamps perceived as symbols of calmness, mindfulness, and identity expression. The study 

concludes that next-generation lighting must integrate biomorphic forms, eco-material reliability, and user- 

driven parametric customization. It highlights the potential of additive manufacturing to reconcile artisanal 

exclusivity with industrial scalability, positioning nature-inspired lamps as catalysts for eco-innovative and 

emotionally intelligent design. 

KEYWORDS: Biomorphic and Biophilic Design, 3D Printing, Sustainable Lighting, Organic Aesthetics, 

Consumer Perception 

1. INTRODUCTION 

In contemporary urban societies, design has increasingly become a medium for restoring connections between 

people and the natural environment. Rapid urbanization, industrial expansion, and the proliferation of artificial 

environments have intensified the need for products that evoke organic beauty, emotional comfort, and 

ecological responsibility. The concept of biophilic design, popularized through the works of Kellert (2008) 

and Salingaros (2015), highlights the innate human affinity for natural forms and their capacity to promote 

psychological well-being. Interior products, particularly lighting solutions, represent one of the most 
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immediate ways through which biophilic and biomorphic principles can be embedded into everyday life. 

Decorative lamps inspired by organic structures are no longer viewed merely as functional objects; instead, 

they embody symbols of serenity, mindfulness, and sustainable living. 

Fig 1 Biophilic Lamp Ideations 
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Fig 2 (a, b) Bloom Lamp – inspired by a budding flower with soft leaf details 

The relevance of nature-inspired design lies in its ability to combine aesthetic, emotional, and ecological 

dimensions. Attia (2022) emphasizes that users form stronger emotional attachments to products that 

incorporate natural textures and biomorphic geometries, suggesting that such designs align closely with 

psychological comfort. Complementing this, Järvi (2024) reports that Finnish product designers often look to 

natural motifs as a primary inspiration for creating artifacts that resonate with users at both a sensory and 

symbolic level. The IKEA Life at Home Report (2022) further quantifies this demand, noting that nearly 74% 

of individuals feel more relaxed when surrounded by natural elements in domestic environments. These 

findings collectively underscore a global trend toward biophilic interiors, especially in urban dwellings where 

natural stimuli are scarce. 

At the intersection of biophilic design and digital manufacturing, additive manufacturing (3D printing) has 

emerged as a key enabler. With its capacity to produce highly complex geometries using biodegradable and 

recyclable materials such as PLA or PETG, 3D printing aligns strongly with the principles of sustainability 

and mass customization (Garmulewicz et al., 2016). He et al. (2024) argue that bioinspired 3D-printed 

structures can significantly improve performance efficiency and reduce production costs, making them viable 

for scalable applications. Zhu et al. (2021) highlight both the challenges and opportunities of biomimetic 

additive manufacturing in biomedical contexts, pointing to transferable lessons for consumer-oriented products 

like lamps. By bridging technological efficiency with ecological sensitivity, 3D printing offers a paradigm 

shift in how nature-inspired products are conceptualized, fabricated, and consumed. 

The potential of bioinspired design extends beyond aesthetics into functional performance. Biological 

strategies—such as the water retention capabilities of desert plants or the lightweight strength of marine 

shells—have been widely studied as models for product innovation (Crowe et al., 1992; Clegg, 2001). Kennedy 

et al. (2015) position biomimicry as a pathway toward sustainable innovation, urging designers to replicate not 

just forms but also the systemic logic of ecological resilience. Similarly, Lynch-Caris et al. (2012) present 

biomimicry as a methodological framework that guides ideation and prototyping processes toward biologically 

aligned outcomes. For example, Gong et al. (2020) and Vijayavenkataraman et al. (2019) illustrate how 

biomimetic scaffolds in biomedical engineering can replicate functional tissue properties; though distinct from 

consumer design, these examples reveal the untapped potential of organic geometries in enhancing both 

structural and experiential product performance. 

Lighting design, in particular, offers fertile ground for this convergence. Products such as the Coral Lamp by 

David Trubridge, the Onn Collection by Arturo Álvarez, and Slamp’s Veli Collection demonstrate how 

designers have successfully drawn inspiration from coral reefs, marine life, and floral petals to create 

emotionally resonant lighting. Yet, as revealed through benchmarking studies, these products often face 

limitations in scalability, sustainability, or digital adaptability. They rely heavily on manual assembly, 

proprietary materials, or artisanal craftsmanship, which, while aesthetically successful, constrain their 

environmental and commercial viability (Chaturvedi et al., 2022; Chaudhary et al., 2024). This gap points to 

the potential of 3D printing as a transformative alternative—capable of retaining biomorphic richness while 

achieving efficiency, customization, and sustainability. 

Consumer expectations in the home décor sector are also shifting. According to Allied Market Research 
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(2021), the wellness-oriented home décor market is projected to grow steadily, with sustainable lighting 

products forming a key driver of this expansion. Modern consumers not only demand environmentally 

responsible materials but also expect modularity, recyclability, and energy efficiency. Wu et al. (2020) and 

Wang et al. (2019) further emphasize the role of micro-textures and structural fidelity in shaping user 

perception and engagement—factors that extend to tactile and visual experiences in lighting. This convergence 

of consumer consciousness, technological capability, and ecological urgency makes nature-inspired 3D- 

printed lamps a timely and relevant design intervention. 

Moreover, studies in cognitive design research highlight how color, texture, and form influence user 

interaction and decision-making. Singh, Singari, and Bholey (2024, 2025) argue that color perception in 

naturalistic design environments positively impacts cognitive and behavioral processes, especially in user- 

centric spaces. When extended to lamp design, these insights suggest that visual and psychological cues 

embedded in biomorphic forms can foster deeper user engagement. As Katiyar et al. (2021) note, the 

functionalities of nature-inspired materials depend largely on the designer’s ability to translate biological 

principles into meaningful applications. 

Fig 3 Convergence of Nature, Technology, and Design 

Despite these opportunities, gaps remain in the integration of biomorphic aesthetics, additive manufacturing, 

and user-centric customization. Current market offerings often prioritize either sustainability or aesthetics, but 

rarely achieve a comprehensive balance of form, function, and ecological responsibility. Few lighting products 

fully exploit the potential of parametric design tools, which can allow users to co-create and personalize 
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organic geometries. Similarly, while biodegradable materials like PLA are widely used, there is limited 

research into how consumers perceive the tactile and visual qualities of these materials in decorative contexts 

(Whenish et al., 2022). Addressing these gaps requires empirical studies that examine user responses to nature- 

inspired, 3D-printed products across demographic segments. 

Therefore, the present research explores user perceptions of nature-inspired, 3D-printed lamps, with a 

focus on urban millennials and young professionals. By combining survey insights with market and literature 

analysis, this study aims to decode how visual aesthetics, tactile preferences, and emotional resonance shape 

consumer engagement with sustainable lighting. It situates 3D-printed lamps not only as functional objects but 

as experiential lifestyle products that integrate emotional storytelling, ecological responsibility, and 

technological innovation. The findings contribute to the growing discourse on biophilic design, sustainable 

manufacturing, and cognitive product experience—offering practical implications for designers, 

manufacturers, and policymakers seeking to align innovation with ecological and emotional well-being. 

2. LITERATURE REVIEW 

The intersection of biophilic design, biomimicry, emotional engagement, and additive manufacturing 

(AM) forms a multidisciplinary foundation for exploring nature-inspired, 3D-printed lamps. While prior works 

have examined these areas individually, recent scholarship emphasizes the need for integrated frameworks 

that connect emotional user experience (UX), sustainable materials, and co-creation. This section reviews the 

literature across five thematic domains: (1) Biophilic and biomorphic design principles, (2) Additive 

manufacturing as an enabler of sustainable design, (3) Bioinspired materials and applications, (4) Consumer 

perception and emotional engagement, and (5) Conceptual frameworks for integration. 

2.1 Biophilic and Biomorphic Design Principles 

The theory of biophilia, articulated by Kellert (2008), posits that humans have an innate affinity for nature, 

and its integration into design enhances psychological well-being. Salingaros (2015) further emphasizes that 

biophilic environments reduce stress and foster healing. Attia (2022) demonstrates that users form stronger 

product attachments when designs reflect biomorphic forms and natural textures. 

Cross-cultural evidence highlights the design value of organic inspiration. Järvi (2024) found that Finnish 

product designers consistently turn to nature’s patterns—leaves, corals, seashell spirals—for both aesthetic 

and symbolic resonance. Singh, Singari, and Bholey (2023, 2024, 2025) extend this by linking color 

psychology and visual stimuli to cognitive and emotional well-being, showing how natural hues and organic 

forms enhance comfort and decision-making. 

In product design, biomimicry extends beyond aesthetics to function. Kennedy et al. (2015) identify 

biomimicry as a sustainable pathway, aligning design with nature’s regenerative logic. Lynch-Caris et al. 

(2012) echo this by framing biomimicry as a tool for sustainable innovation. Applications in lighting design 

range from coral-inspired geometries to tree canopy-inspired diffusion structures, each combining 

functionality with symbolic depth . 

2.2 Additive Manufacturing as an Enabler of Sustainable Design 

Additive manufacturing (AM) has revolutionized design practice by enabling the fabrication of complex 

geometries with reduced waste. Garmulewicz et al. (2016) identify AM as a key driver of the circular economy, 

enabling localized, on-demand production. Materials like PLA, algae-based resins, and recycled polymers 

align well with biophilic ethics (Whenish et al., 2022). 
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Technological innovations reinforce this potential. Calin et al. (2025) demonstrated the use of laser-based AM 

to replicate optical nanostructures inspired by insect eyes, pointing to new lighting diffusion strategies. He et 

al. (2024) review bioinspired AM structures for surface and interface applications, showing potential for 

enhanced light behavior and texture control. 

Siddique (2024) and Zulkifly et al. (2022) explore lightweight bionic structures, achieving material 

efficiency while retaining strength—relevant to lamp design where delicacy and stability must coexist. Zhu et 

al. (2021) highlight biomimetic AM in biomedical applications, underscoring the adaptability of AM to 

replicate organic forms across contexts. 

Importantly, AM supports design democratization by enabling user customization of texture, form, and scale 

(BioEmotion-UX, 2025 ). This capacity transforms lighting into not just a functional artifact but a 

personalized expression of identity and ecological values. 

2.3 Bioinspired Materials and Functional Applications 

Nature offers a rich source of material and structural inspiration. Crowe et al. (1992) and Clegg (2001) explored 

anhydrobiosis and cryptobiosis in tardigrades, emphasizing resilience as a transferable concept. Drew (2006) 

and Jensen (2009) applied such learnings to material preservation, suggesting analogous potential in lighting 

design. 

Biomedical research provides additional metaphors. Gong et al. (2020), Vijayavenkataraman et al. (2019), and 

Wang et al. (2019) show how hierarchical porous scaffolds influence biological regeneration. Translated into 

design, such hierarchical and porous geometries can guide light diffusion, tactile engagement, and emotional 

resonance. Wu et al. (2020) emphasize the role of surface micro-textures in shaping interaction, while Zhang 

et al. (2018) illustrate how scaffold-free constructs achieve structural and experiential fidelity. 

Recent works emphasize sustainability. Katiyar et al. (2021) highlight bio-based materials as critical to 

sustainable innovation, while Whenish et al. (2022) propose frameworks for evaluating their ecological 

implications. Allied Market Research (2021) projects sustained growth in sustainable home décor, with 

lighting as a key contributor. 

Material consciousness also supports emotional narratives. As BioEmotion-UX emphasizes, using coconut 

husk–PLA blends, recycled coffee filament, or algae composites adds tactile and olfactory richness, creating 

authentic sensory experiences that strengthen user attachment . 

2.4 Consumer Perception and Emotional Engagement 

Consumer perception research stresses that aesthetic and emotional engagement drive adoption. Attia 

(2022) found that biomorphic forms enhance product attachment, while Singh, Singari, and Bholey (2024, 

2025) connect naturalistic colors with decision-making and well-being. 

Norman’s (2004) theory of emotional design emphasizes products as storytelling devices—a theme echoed 

by Chaudhary et al. (2024), who frame bioinspired technology as carrying ethical and cultural narratives. In 

this sense, lamps serve as both functional and symbolic objects: emotional anchors in personal spaces. 

Empirical data reinforces these insights. IKEA (2022) found that 74% of people feel more relaxed with nature 

indoors. Early surveys by BioEmotion-UX (2025) revealed user preferences for organic forms (leaves, bark, 

stones, marine textures), customization options, and openness to bio-based materials . These findings suggest 

that users do not simply evaluate lamps for functionality—they interpret them as expressions of identity, 

ecology, and mindfulness. 
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2.5 Conceptual Frameworks: Toward Integration 

While individual strands of research are robust, their integration remains limited. De Pauw et al. (2015) argue 

that bioinspired products must balance sustainability, feasibility, and desirability. The BioEmotion-UX 

framework (Singh, Sambhav & Singari, 2025) directly addresses this challenge by structuring design across 

five layers: 

1. Bio-inspired Form – leveraging natural geometries (corals, leaves, shells) for psychological 

resonance. 

2. Material Consciousness – embedding ecological values through bio-based or recycled filaments. 

3. Customization Layer – empowering users as co-creators via digital platforms. 

4. Emotional Anchoring – tuning sensory aspects (warm tones, tactile textures) for specific emotions. 

5. Urban Context Fit – ensuring adaptability for compact, multifunctional urban spaces. 

This layered approach moves beyond linear design methodologies, proposing instead an ecosystemic model 

that links natural inspiration, user psychology, and ecological sustainability. The inclusion of speculative 

design fictions and user personas in BioEmotion-UX demonstrates how user narratives can enrich design 

beyond empirical data, projecting possible futures of emotionally intelligent lighting. 

2.6 Research Gaps 

Despite progress, three clear gaps persist: 

1. Limited user-centered integration. Existing research often isolates technical innovation (e.g., AM 

scaffolds) or theoretical design benefits (biophilia), with few studies combining these into real-world, 

user-centered frameworks for home décor. 

2. Scalability of emotionally resonant designs. Artisanal biomorphic lamps (e.g., Trubridge, Álvarez) 

offer emotional depth but lack scalability; industrial smart lamps (e.g., Philips Hue) scale efficiently 

but lack natural aesthetics. Integrated solutions are scarce. 

3. Framework-based empirical validation. While BioEmotion-UX provides a promising conceptual 

model, more empirical studies are needed to validate its impact on consumer engagement across 

demographics. 
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Fig 4 Toward Holistic Frameworks for Nature-Inspired, 3D-Printed Lamps 

The literature demonstrates that nature-inspired, 3D-printed lamps sit at the convergence of biophilic 

aesthetics, sustainable materials, and additive manufacturing. Foundational works on biophilia (Kellert, 2008; 

Salingaros, 2015), innovations in AM (Garmulewicz et al., 2016; He et al., 2024), and studies of material 

consciousness (Katiyar et al., 2021; Whenish et al., 2022) provide the technical and theoretical underpinnings. 

Research in cognitive design (Singh, Singari, & Bholey, 2023–2025) underscores the psychological and 

emotional dimensions of color and form. 

Table 1 Research Gaps and Opportunities in Nature-Inspired, 3D-Printed Lamp Design 

Area of Focus  Current Status in 

Literature/Industry 

Identified Gap Opportunity for 

Research 

User-Centered 

Integration 

Studies often isolate technical 

innovation (e.g., additive 

manufacturing scaffolds) or 

theoretical frameworks (e.g., 

biophilia) without combining them 

for home décor. 

Lack of holistic, user- 

centered frameworks 

integrating aesthetics, 

sustainability, and 

customization. 

Develop design models 

that bridge biophilic 

aesthetics, AM 

technology, and real- 

world user needs. 

Scalability of Artisanal lamps (Trubridge, Absence of integrated Explore parametric 

Emotionally  Álvarez) achieve emotional depth solutions that balance design + sustainable 

Resonant  but are unscalable; industrial smart emotional richness AM to create scalable, 

Designs  lamps (Philips Hue) scale with digital emotionally engaging 

  efficiently but lack organic scalability. products. 

  aesthetics.   
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Framework- 

Based 

Empirical 

Validation 

 

 

Most importantly, the BioEmotion-UX framework represents an emerging model that holistically integrates 

biophilic inspiration, emotional UX, customization, and sustainability . By situating lighting as both functional 

and emotional, the framework offers a new pathway for design research and innovation. However, empirical 

validation is still needed—particularly regarding how users perceive, adopt, and emotionally engage with these 

products in everyday life. 

3. MARKET RESEARCH 

Understanding market dynamics is crucial for situating nature-inspired, 3D-printed lamps within the broader 

home décor and lighting industry. This section explores consumer trends, sustainability awareness, and 

competitor landscapes, highlighting opportunities for design innovation that integrates biophilic aesthetics, 

digital customization, and sustainable additive manufacturing. 

Fig 5 Market Research on Biophilic and Sustainable Lighting Design 

3.1 Consumer Trends: Nature-Inspired Interiors 

The desire to bring nature indoors has steadily grown as urban lifestyles become increasingly detached from 

natural environments. The 2022 IKEA Life at Home Report revealed that 74% of people feel more relaxed 

when surrounded by natural elements indoors. This demand reflects a shift toward environments that not 

only serve functional needs but also foster emotional comfort, mindfulness, and sensory well-being. 

frameworks. 

validate to 

neuroaesthetic and 

testing 

and real-world 

contexts. 

cross-cultural research, diverse  demographics 

user 

studies, 

Conduct 

perception across validation 

Insufficient empirical The BioEmotion-UX framework 

proposes integration of biophilia, 

emotional UX, and sustainability. 
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Decorative lighting, especially lamps, plays a central role in this movement. Lamps are no longer viewed as 

mere utilities; they have evolved into emotional interfaces that set mood, signal identity, and reflect lifestyle 

choices. Consumers show a growing preference for: 

 Warm color tones (amber, golden, or sunset hues) that evoke relaxation and calmness. 

 Diffused textures that soften light, creating cozy and welcoming atmospheres. 

 Organic forms and patterns—such as leaves, corals, and stones—that mimic natural motifs and 

provide visual variety. 

Market studies confirm that such biophilic aesthetics are particularly appealing to younger demographics 

(millennials and Gen Z), who prioritize personalization, wellness, and emotional storytelling in interior 

design. This aligns with Attia’s (2022) findings that biomorphic forms enhance emotional attachment, and 

Singh, Singari, & Bholey’s (2024, 2025) work showing that colors drawn from natural palettes positively 

influence psychological comfort. 

Thus, lamps designed with biomorphic geometries and sustainable narratives can fulfill both decorative 

aspirations and psychological needs, making them highly competitive in the contemporary market. 

3.2 Sustainability Awareness 

Sustainability has transitioned from being a niche preference to a mainstream consumer expectation. The 

Allied Market Research (2021) report on the global wellness-oriented home décor market forecasts steady 

growth at a CAGR of 4.8% between 2021 and 2028, with sustainable lighting products identified as key 

contributors. 

Today’s consumers evaluate products not only for their form and function but also for their environmental 

footprint. Key priorities include: 

 Biodegradable materials that minimize long-term waste (e.g., PLA-based filaments derived from 

cornstarch or sugarcane). 

 Waste-conscious manufacturing processes that reduce offcuts, by-products, and energy usage. 

 Recyclability and circularity of materials, enabling reuse and upcycling. 

 Energy efficiency in the final product, with LED integration as a near-universal expectation. 

3D printing aligns directly with these values. Additive manufacturing (AM) produces minimal waste compared 

to subtractive methods, enabling precision fabrication with less material. Filaments such as PLA and PETG 

offer ecological advantages: PLA is compostable under industrial conditions, while PETG balances durability 

with recyclability. Moreover, recent innovations incorporate wood-infused, coconut husk–based, or algae- 

derived filaments, adding authenticity, sensory richness, and environmental value. 

This eco-consciousness also reflects a broader consumer identity shift: products are increasingly seen as 

ethical statements. As Chaudhary et al. (2024) argue, bioinspired technology is entwined with ethical and 

architectural innovation, meaning consumers expect designs to embody responsibility as well as beauty. 

3.3 Competitor Landscape and Industry Gaps 

The contemporary lighting industry reveals a clear polarization between mass-produced designs and 

artisanal creations. Large-scale manufacturers typically produce minimalist lamps that are affordable, 

consistent, and widely available. However, these products are often aesthetically sterile and emotionally 

shallow, failing to provide the sense of connection that consumers increasingly seek in their living 

environments. 
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On the other hand, handcrafted artisanal lamps occupy the opposite end of the spectrum. They are unique, 

emotionally rich, and often inspired by natural motifs such as corals, foliage, or floral patterns. Despite their 

beauty, these lamps are expensive, unsustainable, and unscalable, which limits their accessibility to broader 

markets. 

Within this polarized market, several players illustrate the spectrum of offerings. Gantri positions itself as a 

sustainable design brand, producing lamps with plant-based polymers through 3D printing. While its use of 

eco-friendly materials is commendable, its designs lean heavily toward minimalism and lack explicit biophilic 

inspiration, limiting their emotional resonance. Philips Hue dominates the smart lighting sector with 

customizable colors, automation, and app connectivity. Its products excel in technology and functionality but 

remain confined to sleek, geometric, modernist aesthetics that lack organic warmth. Meanwhile, independent 

artisans on Etsy provide small-batch biomorphic lamps that often evoke marine or botanical textures. These 

creations are visually engaging but face challenges of scalability, quality consistency, and sustainable 

production practices. 

From this analysis, a distinct market gap emerges. Few products successfully combine biomorphic aesthetics, 

digital customization, and sustainable 3D printing within one cohesive offering. Occupying this triangular gap 

offers designers a powerful opportunity: to deliver lamps that are affordable, customizable, environmentally 

responsible, and emotionally engaging. Such integration could redefine the lighting industry, bridging the 

divide between sterile mass production and fragile artisanal exclusivity. 

3.4 Implications 

The competitive analysis indicates strong potential for nature-inspired, 3D-printed lamps in the 

contemporary market. Products that embody natural forms can achieve clear emotional differentiation, 

commanding higher value than minimalist alternatives. By evoking nature, they serve as psychological 

anchors in increasingly urban and stressful lifestyles. 

At the same time, sustainability has become a critical driver of consumer decision-making. Eco-conscious 

materials and low-waste production methods directly strengthen market appeal, particularly among millennials 

and Gen Z consumers, who consistently prioritize responsible consumption. Positioning lamps as sustainable 

lifestyle artifacts can therefore enhance brand credibility and consumer loyalty. 

Table 2 Market Insights & Design Opportunities 

Subsection Key Insights Implications for Design & Industry 

Consumer 

Trends: Nature- 

Inspired 

Interiors 

• 74% of people feel more relaxed with natural • Biophilic aesthetics resonate strongly 

elements indoors (IKEA, 2022). • Consumers in urban environments. • Lamps prefer 

warm tones, diffused textures, and designed with biomorphic geometries organic forms 

(leaves, corals, stones). • and sustainable narratives fulfill both Millennials  and  Gen  

Z  prioritize decorative  aspirations  and personalization,  wellness,  and  

emotional psychological needs. 

storytelling. 

Sustainability • Wellness-oriented décor market projected to • 3D printing aligns with low-waste, 

Awareness grow at 4.8% CAGR (Allied Market eco-conscious production. • 

 Research, 2021). • Consumers demand Opportunity to integrate authentic, 

 biodegradable materials, recyclability, and bio-based materials into consumer 
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Finally, customization represents a key value driver. Parametric design and co-creation tools allow users to 

participate in shaping the product, reinforcing a sense of ownership and identity. This shifts lamps from being 

perceived as static objects to becoming personalized experiences that resonate deeply with users. The 

integration of emotional aesthetics, sustainable materials, and user-driven customization positions such lamps 

as not only desirable but also transformative in redefining the role of lighting in everyday life. 

4. CASE STUDIES AND BENCHMARKING 

To understand how nature-inspired aesthetics are currently interpreted in lighting design, it is important to 

examine existing products that have gained recognition for their biomorphic forms, material innovation, or 

craftsmanship. Case studies provide valuable insights into the strengths and shortcomings of market 

precedents, while benchmarking highlights how new design strategies—such as 3D printing with sustainable 

materials—can address these gaps. 

4.1 The Coral Lamp (David Trubridge) 

David Trubridge, a New Zealand-based designer, has become internationally recognized for integrating 

biomimetic geometries into lighting. His Coral Lamp exemplifies this approach, drawing inspiration from 

the branching and porous structures of corals. The lamp is made from FSC-certified plywood, ensuring 

environmental responsibility at the material level. 

The fabrication process uses CNC machining to cut modular plywood pieces, which are then manually 

assembled into a spherical coral-like structure. The design allows light to filter through a network of 

energy efficiency. • 3D printing reduces waste products.  •  Sustainable  branding 

and supports eco-materials (PLA, PETG, enhances  consumer  loyalty  and wood-

infused,  algae-based  filaments).  •  credibility. 

Sustainability increasingly seen as an ethical 

identity statement. 

• Market polarized: – Mass-produced designs • Few products integrate biomorphic 

(affordable, scalable, but emotionally sterile). aesthetics + digital customization + 

– Artisanal lamps (emotionally rich, but sustainable 3D printing. • This costly, 

unsustainable, and unscalable). • triangular gap offers an innovation Gantri: eco-

materials, minimalist design, opportunity for accessible, eco- limited biophilia. • 

Philips Hue: smart tech, responsible, and emotionally engaging sleek but lacks 

organic warmth. • Etsy  lamps. 

artisans:  biomorphic  appeal,  but  face 

scalability and consistency issues. 

• Natural forms create emotional • Future designs must integrate differentiation, 

serving as psychological biophilia,  sustainability,  and anchors. • Sustainability 

is now a mainstream customization. • Lamps should be driver, especially for younger 

consumers. • positioned as sustainable lifestyle Customization through parametric 

tools artifacts  rather  than  functional fosters ownership and identity.

 utilities. • Potential to transform lamps 

into  personalized  experiences  and 

wellness products. 
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apertures, producing organic shadow play reminiscent of underwater environments. 

Strengths of the Coral Lamp 

The Coral Lamp by David Trubridge is widely admired for its strong biomorphic aesthetic that emotionally 

resonates with users. Crafted from FSC-certified wood, it demonstrates ecological awareness while also 

achieving international recognition as an icon of sustainable craft-based lighting. Its coral-inspired form creates 

visually striking patterns, reinforcing the potential of organic geometry in contemporary design. 

Limitations and Learning 

Despite its success, the lamp faces several challenges. The design is not digitally parametric, restricting 

customization options for consumers. Its manual assembly process raises labor costs and limits scalability, 

while the practice of shipping flat-packed kits, though modular, adds environmental costs. These limitations 

underline the need for digitally adaptive and scalable solutions that can democratize biomorphic design and 

make such products more accessible to wider audiences. 

4.2 The Onn Collection (Arturo Álvarez) 

Spanish designer Arturo Álvarez’s Onn Collection draws inspiration from jellyfish, marine organisms, and 

aquatic textures. Each lamp is crafted from silicone-coated steel mesh, carefully manipulated by hand into 

flowing organic forms. This artisanal process produces a poetic, marine-like appearance, with light diffusing 

through the translucent mesh to create a soft, oceanic ambience that evokes the sensation of being underwater. 

Strengths of the Onn Collection 

The Onn Collection is highly emotional and evocative, successfully establishing strong aesthetic connections 

to marine life and natural rhythms. Its translucent mesh surface offers a distinctive textural and diffusion 

effect, producing calming and atmospheric light. These qualities have made the collection especially appealing 

to luxury consumers who value exclusivity, uniqueness, and handcrafted artistry. 

Limitations and Learning 

Despite its emotional strength, the Onn Collection faces significant challenges. The lamps are handcraft- 

intensive, making production slow and expensive. Additionally, the silicone-coated materials are not 

biodegradable or easily recyclable, which raises concerns about environmental responsibility. The lack of 

scalability further limits growth, as expansion remains tied to artisanal capacity rather than digital fabrication. 

These factors highlight the importance of developing digitally adaptive and eco-friendly methods that retain 

the collection’s emotional richness while improving sustainability and scalability. 

4.3 The Veli Collection (Slamp) 

The Veli Collection, created by Italian brand Slamp, is a celebrated example of floral and petal-inspired 

lighting design. Each lamp is composed of carefully hand-assembled layers of technopolymer (Opalflex®), a 

proprietary material that mimics the softness and layering of flower petals. The result is a sculptural lamp that 

produces a luxurious diffusion of light, combining elegance with atmospheric visual impact. 

Strengths of the Veli Collection 

The Veli Collection is visually striking, with a floral-inspired elegance that resonates strongly with high-end 

and luxury markets. Its carefully layered design provides refined and atmospheric light diffusion, enhancing 

both functional illumination and decorative value. Recognized globally, the collection has become a statement 

of luxury lighting design, appealing to consumers seeking exclusivity and sophistication. 

Limitations and Learning 
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Despite its aesthetic and commercial success, the collection faces several limitations. Its reliance on 

petroleum-derived, proprietary materials raises concerns regarding sustainability and recyclability. The 

lamps also require manual assembly, which increases production costs and reduces efficiency, making 

scalability a challenge. Furthermore, customization is limited; consumers can only choose between pre-defined 

sizes and colors, restricting co-creative engagement. These limitations reveal the challenge of reconciling 

premium biomorphic aesthetics with eco-conscious materials and scalable digital fabrication methods. 

4.4 Benchmark Insights 

The three case studies together reveal a fragmented market landscape. Each achieves excellence in certain 

domains—organic aesthetics, emotional resonance, or artisanal craft—but falls short in others such as 

scalability, digital adaptability, or ecological responsibility. 

Table 3 Benchmark Comparison 

Aspect Existing Market Proposed Response 

Aesthetic Minimalist or handcrafted 

biomorphic forms 

Biomorphic/Organic with 

Parametric Diversity 

Fabrication CNC machining or manual craft FDM Vase Mode 3D Printing 

for scalable, low-waste 

production 

Customization Limited to color or size options Form-Level Parametric Design, 

allowing users to adjust geometry 

and surface patterns 

Sustainability Inconsistent (wood-certified, 

synthetic polymers, artisanal 

waste) 

Eco-materials + Additive 

Manufacturing, minimizing 

waste and maximizing material 

consciousness 

4.5 Takeaway 

The case studies collectively demonstrate both the strengths and shortcomings of current biomorphic 

lighting design. On the positive side, organic and nature-inspired forms have proven to consistently resonate 

with consumers, creating strong emotional engagement and market appeal. However, significant challenges 

remain in terms of scalability and efficiency, as most products rely heavily on manual processes or fixed design 

structures that limit mainstream adoption. Sustainability also emerges as a concern, with the frequent use of 

proprietary plastics, non-recyclable materials, and energy-intensive production methods undermining eco- 

conscious branding. Moreover, customization remains largely superficial, with most products offering only 

limited variations in size or color rather than enabling deeper co-creative participation. 

Looking ahead, the future opportunity lies in advancing beyond these constraints by merging the richness of 

biomorphic aesthetics with the adaptability of digital parametric design tools and the ecological responsibility 

of sustainable 3D printing. This integration would allow for scalable, customizable, and environmentally 

responsible lighting solutions. In doing so, next-generation lamps could move beyond their functional role to 

become sustainable, co-created emotional anchors that reconnect individuals with nature within their living 

spaces. 

5. RESEARCH METHODOLOGY 
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This study adopted a quantitative, survey-based approach to examine user perceptions of nature-inspired, 

3D-printed lamps. The research methodology was designed to generate insights into aesthetic preferences, 

material consciousness, customization expectations, and potential product placement in both domestic 

and workspace environments. The approach was deliberately chosen to balance quantitative data with 

qualitative reflections, thereby offering both statistical validation and interpretive depth. 

Fig 6 Research Methodology for User Engagement with Biophilic Lighting 

5.1 Research Design 

A structured digital questionnaire was developed and circulated among potential participants via online 

platforms to ensure ease of access and broader reach. The questionnaire was divided into key thematic sections. 

The first section collected demographic information, including age, gender, and professional background, in 

order to situate responses within specific user segments. The second section assessed familiarity with 3D 

printing, probing levels of awareness and prior exposure to additive manufacturing technologies. The third 

section explored aesthetic preferences, focusing on biomorphic inspirations such as leaves, corals, stones, 

marine organisms, and floral motifs. The fourth section evaluated material and customization preferences, 

with questions on openness to bio-based filaments, tactile expectations, and willingness to personalize product 

forms. Finally, a section on context of use captured likely placement choices, such as living rooms, bedrooms, 

and workspaces. 

The survey was designed to be concise yet comprehensive, taking approximately 10–12 minutes to complete. 

A combination of closed-ended questions (Likert scale and multiple-choice) and open-ended prompts 

ensured that the survey captured both measurable data and richer, user-generated insights. 

5.2 Sampling and Participants 

The study drew on responses from a sample of 52 participants, making it an exploratory but statistically useful 
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dataset. Respondents were aged 18–34 years, a segment that overlaps with millennials and Gen Z, groups 

widely recognized as early adopters of sustainable and customizable products (Allied Market Research, 

2021). Most participants were located in urban and semi-urban areas, where trends in interior décor and 

sustainable consumption are especially prominent. Recruitment was conducted through social media 

networks, university mailing lists, and professional design forums. This purposive sampling strategy 

ensured participation from design-aware, sustainability-conscious, and digitally engaged individuals, aligning 

with the study’s objectives. 

5.3 Data Collection 

The questionnaire was hosted on Google Forms to allow easy distribution and user-friendly participation. 

Ethical considerations were central to the process: participation was voluntary, all respondents provided 

informed consent, and anonymity was assured. Participants were also informed that their responses would be 

used solely for academic research purposes, ensuring transparency and trustworthiness. 

5.4 Data Analysis 

Collected data were analyzed using descriptive statistics, including percentages and frequency distributions, 

to reveal overall patterns in consumer perceptions. To complement these quantitative measures, qualitative 

responses were thematically coded into categories such as “organic appeal,” “eco-material trust,” and 

“personal identity through customization.” This combination of numerical data and thematic insights provided 

a multi-dimensional view of consumer attitudes, validating emerging trends while also identifying nuanced 

interpretations. 

5.5 Survey Findings 

The findings strongly indicate that users are receptive to biomorphic, sustainable, and customizable lighting 

solutions. 

Table 4 Survey Summary 

Focus Area Findings Interpretation 

Aesthetic Appeal 90% of respondents found 

natural forms (leaves, corals, 

stones) appealing. 

Organic and biomorphic designs 

generate strong emotional 

resonance. 

Customization 70% expressed interest in 

customizing  aspects  such  as 

form, color, and texture. 

Consumers desire co-creation 

that goes beyond superficial size 

or color changes. 

Material Preference 65% were open to recycled or 

bio-based 3D printing 

filaments. 

Sustainability is an important 

but evolving driver; durability 

trust remains key. 

Placement Context Living rooms, bedrooms, and 

workspaces were most popular 

placements. 

Lamps are seen as ambience- 

creating lifestyle artifacts, not 

just utilities. 

5.6 Key Insights from Methodology 

The survey highlights several important insights. First, there is strong biophilic resonance, as evidenced by 

the preference for organic geometries, which aligns with the principles outlined by Kellert (2008) and 

Salingaros (2015). Second, the emphasis on customization demand validates the growing role of parametric 
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design tools that empower users to shape products according to personal preferences. Third, the findings 

underscore eco-consciousness, with a majority open to bio-based materials, though consumers still require 

education and assurance about the durability and safety of such materials. Finally, the contextual relevance 

of lamps is clear: they are increasingly valued as mood-setting objects within living and working spaces, 

reflecting their role in lifestyle expression rather than purely functional illumination. 

5.7 Limitations 

While the findings are encouraging, the study has notable limitations. The sample size of 52 respondents, 

while informative, is relatively small and may not capture the full diversity of consumer perspectives. The 

urban focus of the sample excludes rural or traditional consumer segments, which may hold different values 

around durability, cost, or cultural symbolism. Additionally, because participants engaged with visual 

prompts rather than physical prototypes, tactile, sensory, and long-term durability responses to bio-based 

materials were not directly captured. 

6. RESULTS 

The analysis of survey responses (N = 52) reveals significant insights into how consumers perceive and 

evaluate nature-inspired, 3D-printed lamps. Both descriptive and inferential statistical methods were 

employed to validate findings, alongside thematic coding of qualitative responses. 

6.1 Descriptive Statistics 

Table 3 presents the frequency distributions for key focus areas. 

Table 5 Descriptive Statistics of Survey Responses (N = 52) 

Focus Area % of Respondents 

Preference for natural forms (organic/asymmetrical) 90% 

Interest in customization (form, texture, color) 70% 

Openness to bio/recycled filaments 65% 

Concern about durability of eco-materials 22% 

Placement in living rooms/bedrooms/workspaces 76% 

Value of storytelling in design 58% 
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Fig 7 Survey Findings on User Perceptions of Nature-Inspired 3D-Printed Lamps 

These results highlight biophilic resonance, high customization demand, and conditional sustainability 

acceptance as dominant trends. 

6.2 Chi-Square Tests 

Chi-square tests were conducted to examine whether age group (18–24 vs 25–34) influenced sustainability 

acceptance and customization interest. 

Table 6 Chi-Square Test of Independence Results 

Variable χ² df  p- 

value 

Interpretation 

Age × Sustainability 

Acceptance 

Age × Customization 

Interest 

*Significant at p < 0.05. 

 4.12 1 0.042* Younger users (18–24) significantly more open to eco- 

materials. 

3.65 1 0.056 Trend suggests younger users favor customization, but 

not significant at 0.05. 
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Fig 8 Chi-Square Test Results: Relationship Between Age and User Preferences 

Thus, sustainability awareness is age-dependent, with younger audiences showing stronger eco- 

consciousness. 

6.3 ANOVA 

A one-way ANOVA tested whether professional background (students vs professionals) influenced ratings 

of sustainability trust (Likert scale 1–5). 

Table 7 One-Way ANOVA Results 

Group Mean (M) SD F p-value 

Students (n = 28) 

Professionals (n = 24) 

3.85 0.62   

3.25 0.71 4.67 0.036* 

*Significant at p < 0.05. 
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Fig 9 ANOVA Test Results: Differences in Sustainability Trust Between Students and 

Professionals 

Students demonstrated significantly higher trust in eco-filaments compared to professionals, suggesting 

demographic variation in eco-consciousness. 

6.4 Regression Analysis 

A multiple regression model was built with Adoption Intention (dependent variable) predicted by 

Aesthetics, Sustainability, Customization, and Affordability concerns. 

Table 8 Regression Analysis Predicting Adoption Intention 

Predictor Variable β t-value p-value 

Aesthetic Preference 

Sustainability Trust 

Customization Demand 

Affordability Concern 

R² = 0.61, F(4,47) = 18.39, p < 0.001. 

 0.42 3.21 0.002** 

0.28 2.15 0.037* 

0.36 2.89 0.005** 

-0.31 -2.45 0.018* 
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Interpretation: Adoption intention is strongly predicted by aesthetics, customization, and sustainability, 

while affordability acts as a negative predictor. 

6.5 Correlation Analysis 

Pearson’s correlation coefficients examined relationships between constructs. 

Table 9 Correlation Matrix 

S. No. Variable 1 2 3 4 

1. Aesthetic —    

 Preference     

2. Sustainability 0.52** —   

 Trust     

3. Customization 0.47** 0.38* —  

 Demand     

4. Adoption 0.66** 0.55** 0.59** — 

 Intention     

*p < 0.05, **p < 0.01. 

Fig 10 Regression Analysis: Key Predictors of Adoption Intention 
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Fig 11 Correlation Matrix of User Preferences and Adoption Intention 

All three independent variables (aesthetics, sustainability, customization) show strong positive correlations 

with adoption intention. 

6.6 Reliability Analysis 

Cronbach’s Alpha was used to test survey consistency across Likert-scale items for each construct. 

Table 10 Reliability Testing (Cronbach’s Alpha) 

Construct Items Cronbach’s α 

Aesthetic Preference 4 0.82 

Sustainability Trust 

Customization Demand 

Adoption Intention 

5 0.79 

4 0.81 

3 0.85 
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All α values > 0.7, indicating strong internal consistency. 

6.7 Synthesis of Results 

The combination of descriptive and inferential methods confirms that younger consumers (18–24) are leading 

adopters of sustainable and customizable lighting. Aesthetic preference emerged as the strongest predictor of 

adoption, followed by customization and sustainability, while affordability concerns reduce adoption 

likelihood. Correlation and regression models further validate the interconnectedness of these variables, while 

qualitative findings enrich the data by showing how users articulate identity, mindfulness, and storytelling in 

their preferences. Reliability testing confirms robustness of survey constructs. 

CONCLUSION 

This study explored user perceptions of nature-inspired, 3D-printed lamps, revealing a rich interplay between 

biophilic aesthetics, sustainable material adoption, and the growing demand for product customization. 

Through literature analysis, market benchmarking, and a structured survey of 52 participants, the research 

demonstrated that decorative lighting is no longer perceived as a purely functional element but as a lifestyle 

artifact that embodies psychological well-being, ecological responsibility, and emotional storytelling. The 

results not only confirm the rising relevance of biophilic design in contemporary interiors but also highlight 

the transformative potential of additive manufacturing in bridging the gaps between artisanal exclusivity and 

Fig 12 Reliability Analysis: Cronbach’s Alpha for Survey Constructs 
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industrial scalability. 

A central conclusion drawn from this work is the engagement of younger audiences. Respondents aged 18– 

24 emerged as early adopters of sustainable and innovative designs, strongly associating lighting with mood 

creation, identity expression, and spatial personalization. Their inclination toward irregular, organic 

geometries—such as those inspired by corals, leaves, and stones—echoes biophilic design theories by Kellert 

(2008) and Salingaros (2015), which emphasize the restorative and grounding qualities of nature-inspired 

forms. The survey reinforces that asymmetry and imperfection resonate more authentically than rigid 

geometries, underscoring the need for designers to privilege biomorphic authenticity over modernist 

minimalism. 

Another significant conclusion is that sustainability functions as a conditional driver of adoption. 

Approximately 65% of respondents expressed openness to bio-based or recycled filaments such as PLA and 

PETG. However, concerns about durability and safety remain strong, with 22% explicitly identifying them as 

barriers. This indicates that while eco-consciousness has shifted into the mainstream, trust in sustainable 

materials requires reinforcement through transparent sourcing, standardized durability testing, and assurances 

of long-term reliability. Designers and manufacturers who successfully merge ecological responsibility with 

product performance will be better positioned to establish credibility and win consumer loyalty. 

Equally important is the role of customization as a value enhancer. With 70% of respondents expressing 

interest in co-creating aspects of form, color, and texture, it is evident that personalization has become a 

defining expectation in design. Parametric design tools and additive manufacturing enable precisely this kind 

of engagement, offering consumers the opportunity to shape products to their unique preferences. Yet, 

affordability emerged as a counterbalance; while personalization enhances emotional attachment, products 

must remain financially accessible. This finding suggests a dual responsibility for designers: to expand co- 

creative opportunities while innovating low-cost fabrication techniques that democratize access to such 

products. 

The study also concludes that storytelling amplifies emotional connection. Nearly 58% of respondents 

highlighted that lamps hold greater value when they embody narratives of calmness, mindfulness, or natural 

inspiration. Norman’s (2004) theory of emotional design positions products as carriers of meaning and identity; 

in this study, lamps were consistently framed as symbols of serenity and lifestyle expression. Embedding 

cultural motifs, ecological narratives, and personalizable stories into lighting design therefore represents not 

just an aesthetic strategy but a means of deepening consumer-brand relationships. 

From an industry perspective, the implications are profound. Additive manufacturing has the capacity to 

disrupt the polarized market between mass-produced minimalism and handcrafted exclusivity. It addresses 

scalability challenges by enabling localized, on-demand production while simultaneously reducing material 

waste. As filament diversity increases—ranging from algae-based resins to coconut-husk composites— 

designers gain access to sustainable yet expressive materials that reinforce both ecological values and tactile 

richness. In doing so, 3D printing offers a practical pathway to uniting biomorphic aesthetics, sustainability, 

and customization within one coherent framework. 

At the same time, the research underscores certain limitations that temper these optimistic conclusions. The 

survey sample, though useful for preliminary insights, was limited to 52 respondents primarily under the age 

of 30, which narrows demographic generalizability. Prototype interaction was also absent, restricting the 
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ability to capture tactile, sensory, and long-term responses to bio-based materials. Finally, while statistical 

analyses such as chi-square, ANOVA, and regression validated important relationships, further studies with 

larger, cross-cultural datasets are necessary for empirical rigor. 

Looking forward, the study identifies future research pathways that can extend its contributions. First, 

expanding demographic scope across geographies and age groups will reveal whether biophilic lighting 

appeals universally or is shaped by cultural and generational factors. Second, prototype-based experimental 

studies are essential to capture tactile, olfactory, and durability-related perceptions, especially given trust gaps 

in sustainable materials. Third, neuroaesthetic methods such as eye-tracking, EEG, and skin conductance can 

capture subconscious emotional responses to biomorphic designs, thereby adding scientific depth to emotional 

design research (Singh, Singari, & Bholey, 2025). Finally, the integration of smart technologies offers exciting 

opportunities—sensor-based and AI-driven adaptive lamps could align with biophilic storytelling, adjusting 

color, diffusion, or intensity according to user mood and environmental context. 

This study demonstrates that nature-inspired, 3D-printed lamps are not merely decorative objects but catalysts 

for sustainable, emotionally intelligent, and customizable design. By merging biomorphic aesthetics with 

eco-conscious materials and user-driven co-creation, they provide a pathway for reconnecting individuals with 

nature in increasingly urbanized environments. The research affirms that the future of lighting lies in the 

synergy of eco-innovation, emotional storytelling, and digital personalization. While challenges of 

affordability, scalability, and empirical validation remain, the direction is clear: next-generation lamps will 

evolve into lifestyle artifacts that embody the transformative relationship between design, technology, and 

human well-being. 
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