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ABSTRACT
Existing measures of biophilia are predominantly qualitative checklists that lack uniform coverage of multiple design elements, are flexible to varying local climates, housing types, and financial feasibility, and rarely provide quantitative measurements of the extent of biophilic features in residential settings. Their poor compatibility with digital building construction processes and data-driven decision making has been evidenced in several green-building standards (Wijesooriya et al., 2023; Xue et al., 2019).In this research work, the Biophilic Design Assessment Framework (BDAF) is proposed, which is an information-based approach that quantifies biophilic concepts through the application of sixteen measurable indicators falling under three broad categories: Direct Nature Experience, Spatial Experience and Place, and Indirect Nature Representation. The BDAF framework seeks to combine information from Building Information Modelling (BIM), GIS, IoT sensing devices, simulations, design data, and occupant feedback data in order to provide an assessment index of biophilia in a given building between 0 and 200.One example of secondary data analysis using 27 houses with five different housing types in Savda Ghevra, Delhi, shows how this proposed scoring approach works, categorizing the five housing types based on their characteristics related to daylighting, ventilation, thermal comfort, greenery, space quality, and materiality. This study has presented an unambiguous computational method for incorporating biophilic assessment in the digital construction process. It is important to note that this exercise was just illustrative and does not validate the framework or its weights in relation to occupants' health benefits. Future work must validate the framework weights and thresholds through expert elicitation, perform inter-rater reliability analysis, and establish relationships between BDAF scores and occupant comfort and health.
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1. INTRODUCTION
Current developments are characterized by increased density, enclosed environments, and detachment from the natural environment that could result in reduced interaction with nature as well as health effects. One way to solve the problem of separation from nature through urban development is biophilic design whereby natural elements such as daylight, vegetation, water, materials of the natural world, and outdoor views are incorporated into buildings, resulting in improved well-being and comfort, among others (Biophilic design, 2024; Ulrich, 1984).
In the field of residential research, biophilic design is often mentioned in terms of improving users' experiences and establishing the connection between humans and the natural environment (Khanzadeh, 2024; Kellert, 2008). Biophilic design at the neighbourhood level has potential impacts on air quality, thermal environment, and social well-being (Guo et al., 2023; Tabassum & Park, 2024).
There is still much attention to the issue, but the field still does not have a standardized quantitative assessment tool that is aimed explicitly at urban housing. Biophilic advantages are usually subjective and hard to quantify, and there are few robust tools for a quantitative assessment in the existing literature (Ryan et al., 2014; Ramzy et al., 2025). It is a practical problem for those who need to assess the performance of biophilia quantitatively.
1.1 Problem
Although the existing theoretical models have been able to contribute to the development of the biophilia assessment, none of them is fully operational. In particular, Lee and Kim (2021) categorize biophilic elements based on their spatial scale and approach in terms of regional, neighbourhood and building scale as well as natural, technical, and functional approach. However, this model is only useful for conceptual classification.
The taxonomies presented by Kellert (2008) consider biophilic categories as design guidelines, not quantifiable evaluation criteria. The recent research has put forward such quantifiable indicators as daylight availability, CO2 levels, circadian stimulus, and visual comfort; yet, such an approach continues to focus on general comfort and sustainability evaluations instead of providing a context-sensitive scoring method specific for housing buildings (Tabassum & Park, 2024; Wijesooriya et al., 2023).
There is also a similar deficiency in building rating tools. Biophilic categories are unequally represented in the rating framework, and the average level of compatibility between biophilic framework criteria and green-building-rating-tool criteria reaches 43% (Wijesooriya et al., 2023). BREEAM-NL uses biophilic criteria as the criteria of presence rather than grading of performance (BREEAM-NL, 2020). WELL v2 incorporates biophilic design into the framework via feedback and well-being ideas but is meant for commercial buildings (IWBI, 2023). LEED considers biophilia within various credits, but does not include a residential module (USGBC, 2023).
Another problem is that of lack of context awareness. This is illustrated by the findings on urban morphology studies showing that the impacts of design elements are not generalizable but depend on the city, scale, and season (Guo et al., 2023). The same context awareness should be taken into account in the evaluation of biophilic housing; yet most current frameworks do not.
1.2 Objectives and Contribution
This paper aims to fill the above-mentioned gap through the creation of a framework called the Biophilic Design Assessment Framework (BDAF). The framework represents a hierarchical indicator system that links biophilic principles with quantifiable metrics in the urban housing sector. It contributes to the existing categorization of biophilic design principles by creating a scorable indicator system based on the aforementioned categorization, thus making it contextually dependent.
The contributions of the framework are threefold. First, it creates an indicator system that could be used in the evaluation of residential buildings. Second, it outlines a computational workflow that includes building information modeling (BIM), geographical information systems (GIS), Internet of things (IoT), simulation, documentation, and occupants. Third, the framework illustrates the workflow with a secondary data analysis case study of housing types in Delhi.
2. STATE OF THE ART AND RESEARCH GAP
2.1 Foundations of Biophilic Design
The biophilic design concept is based on the idea of the presence of an inherent human tendency to connect with nature (Wilson, 1984). The concept was translated into practice by Kellert (2008), who identified three types of the experience of connection between people and nature: the experience of direct contact with nature; the experience of indirect contact with nature; and the experience of spaces and places. Browning et al. (2014) introduced fourteen patterns of the design based on three groups: nature in the space, nature analogues, and nature of the space. These frameworks remain the key reference points in the field.
The empirical base is well-developed. According to Ulrich (1984), patients with windows providing them with views of trees healed faster than patients with windows overlooking brick walls. Thus, the stress-reduction hypothesis was proved. Moreover, research shows that nature provides people with stress relief and improves their mood and cognitive performance (Ulrich et al., 1991).
2.2 Existing Assessment Frameworks
Different categorizations for biophilic design have been suggested by various scholars, albeit varying widely in terms of operability:
· Spatial and methodological classification of Lee and Kim (2021) provides a spatial-methodological matrix cross-classifying regional, neighborhood, and building scales against natural, technical, and functional approaches. This classification is descriptive but not quantitative in nature.
· A Biophilic Index, put forward by Salingaros (2015), is based on various parameters, including sunlight, fractals, gravity, and organized complexity; however, this index is neither climate-validated nor disaggregated at housing level.
· Tabassum and Park (2024) classified biophilic design dimensions into different performance metrics, which include daylight access, carbon-dioxide levels, circadian stimulus, and thermal comfort, thereby bringing together indoor environmental quality assessment and post-occupancy evaluation. However, this classification applies to general buildings and not housing and does not provide context-sensitive weights.
· Building certification systems (LEED, WELL, BREEAM-NL) approach biophilic design through distributed credits/thresholds and not residential biophilic design index (USGBC, 2023; IWBI, 2023; BREEAM-NL, 2020).
2.3 Identified Gaps
There are five separate gaps found in the literature that have been addressed in this study. Firstly, there is no previous framework that attempts to match biophilic design principles against quantifiable metrics specific to housing. Secondly, there is no previous framework that provides a clear computational process linking up building models, sensors, GIS data and scoring guidelines. Thirdly, the application of biophilic assessment to residential buildings is less developed compared to biophilic assessment done in workplace and health care environments. Fourthly, there is no framework that specifies clearly how to deal with missing data without punishing the building being assessed.
Table 1. State of the art and research gap addressed by BDAF
	Framework
	Main purpose
	Scoring approach
	Housing specific
	Context specific
	Digital data integration

	Biophilic design patterns
	Design principles
	Qualitative
	Partial
	No
	Limited

	LEED v4.1
	Building certification
	Credit thresholds
	Limited
	No
	Partial

	WELL v2
	Health and well-being
	Credit thresholds
	No
	No
	Partial

	BREEAM-NL HEA 10
	Biophilic credit
	Presence threshold
	Limited
	No
	Partial

	Measurable biophilic frameworks
	IEQ and comfort
	Performance metrics
	Partial
	No
	Partial

	BDAF
	Residential biophilic assessment
	Normalized weighted 0-200 index
	Yes
	Yes
	Semi-automated


3. RESEARCH DESIGN AND DATA SOURCES
This study employs a primarily qualitative and analytical research design that combines literature synthesis, framework development, and an illustrative secondary-data application. The design is organised in four stages.
3.1 Indicator development
The first pool of indicators was constructed by systematic extraction from biophilia frameworks, criteria in building rating systems, and the literature on residential housing. These include fourteen patterns in Browning et al. (2014), the taxonomy of Kellert (2008), credits for LEED v4.1 Indoor Environmental Quality (USGBC, 2023), concepts in WELL v2 (IWBI, 2023), BREEAM-NL HEA 10 criteria (BREEAM-NL, 2020), and the peer-reviewed literature on residential housing.
Each indicator candidate was classified according to one of the following three assessment categories: Direct Nature Experience, Spatial Experience and Place, and Indirect Nature Representation. The candidate indicators were aligned with measurement procedures used in building science, which include daylight autonomy, ventilation performance, thermal comfort, vegetation percentage, and material assessment.
3.2 Framework design
The indicators were then sorted according to a three-category hierarchy and transformed into a weighted scoring system from 0 to 200 points. Tentative design priorities were set for each category using weights of 40%, 35% and 25% according to the relative measurability and significance of direct physical interaction with the environment, spatial experience, and indirect depiction of the space.
3.3 Digital architecture specification
A semi-automated computational workflow was specified for the integration of BIM, GIS, IoT, simulation, documentation, and occupant-survey inputs. 
3.4 Illustrative application
The framework's feasibility was illustrated using secondary data from 27 dwellings across five housing typologies in Savda Ghevra, Delhi (Nix et al., 2015, 2020a).
4. THE BDAF FRAMEWORK
4.1 [bookmark: _GoBack]Three-Tier Framework Architecture
BDAF is structured as a hierarchy that moves from assessment categories to measurable indicators to scoring rules. The framework comprises sixteen indicators organised into three categories:
1. Direct Experience of Nature, 40%
I. D1 Availability of daylight and its quality
II. D2 Quality of air and natural ventilation
III. D3 Thermal comfort and variations
IV. D4 Presence of water
V. D5 Coverage with vegetation and biodiversity
VI. D6 Sensory experience of natural materials
VII. D7 Sensory and seasonal variations
VIII. D8 Non-visual experience of nature
2. Experience of Space and Place, 35%
I. C1 Prospect refuge relationship
II. C2 Organized complexity
III. C3 Transitional spaces
IV. C4 Community spaces and place-making
3. Indirect Representation of Nature, 25%
I. I1 Natural color palette
II. I2 Tradition of architectural form
III. I3 Biomorphic shapes and natural geometry
IV. I4 Local materiality and durability
The framework clearly distinguishes among indicators that overlap. D6 (Direct sensory experience of natural materials) focuses on the direct sensory experience of natural materials in occupied spaces, while I4 (Vernacular material appropriateness, durability, cultural meaning) looks at whether the materials are local, durable, and meaningful. D7 (Sensory variability) considers variation like changes in light, air movement, and seasonality, while D8 (Non-visual connection with nature) relates to sounds, smells, air movements, and touch with nature. 
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Figure 1. Structure of BDAF Framework and Scoring Process.
The three main categories make up sixteen indicators. Indicators’ data are collected through digital modeling, environmental sensors, GIS data sets, documentation assessment, and occupant surveys. These scores are normalized per each category before they are combined into the BDAF Index.
4.2 Digital Implementation Architecture
The BDAF can be considered a semi-automated tool. Indicators that are based on measurable physical parameters—like daylight availability, ventilation, thermal comfort, and proximity to vegetation—can be generated through modeling, sensors, simulation, and GIS analysis. Indicators related to cultural interpretation, sensory perceptions, and perception of spatial quality demand systematic design auditing and/or occupant survey.
BIM data include room sizes, building orientation, openings, building materials, spatial adjacency, and circulation patterns. The GIS provides data about vegetative cover and accessibility in the neighborhood. The IoT sensors provide time series data on illuminance, temperature, relative humidity, CO2 level, particulate matter, and noise. If suitable model data is available, BIM-assisted evaluation procedures can facilitate information extraction and rule validation.
Table 2. Proposed digital implementation of BDAF indicators
	Indicator group
	Primary data source
	Assessment procedure
	Output

	D1 Daylight
	BIM geometry, daylight simulation, lux sensor
	Calculate measured or simulated daylight performance against thresholds
	Score 0, 1, or 2

	D2 Air quality and ventilation
	CO2, PM2.5, airflow sensors; BIM opening data
	Calculate time above thresholds and ventilation performance
	Score 0, 1, or 2

	D3 Thermal comfort
	Temperature and relative-humidity sensors; simulation
	Calculate seasonal comfort-range compliance
	Score 0, 1, or 2

	D4 Water presence and access
	BIM service model, site audit, resident survey
	Assess accessible, visible, and safely maintained water contact
	Score 0, 1, or 2

	D5 Vegetation
	GIS, satellite imagery, site plan
	Calculate vegetation ratio, canopy coverage, proximity to green space
	Score 0, 1, or 2

	C1-C4 Spatial indicators
	BIM floor plan, visibility analysis, space syntax, survey
	Assess prospect-refuge, complexity, transitions, and community spaces
	Score 0, 1, or 2

	I1-I4 Indirect indicators
	Material schedules, drawings, visual audit, survey
	Assess natural colour, vernacular integration, geometry, and material provenance
	Score 0, 1, or 2


There is an imposition of a principle that relates to data completeness. In cases where necessary evidence is not available, then the relevant measure must be recorded as not evaluated, rather than automatically giving it a zero rating. The BDAF Index must only be issued at the end when all necessary inputs have been provided.
4.3 Scoring Methodology
All the indicators are rated on a three-point ordinal scale:
0 = Non-existent / Non-conformity
1 = Partial / Developing
2 = Optimum / Best practice
The highest possible raw score for Direct Experience of Nature is 16, whereas the highest possible raw score for Spatial Experience and Place & Indirect Nature Experience is 8 each. Let:
SD = Direct Nature Experience subtotal, range 0-16
SS = Spatial Experience and Place subtotal, range 0-8
SI = Indirect Nature Representation subtotal, range 0-8
The BDAF Index is calculated as:
BDAF Index = 200 × [0.40 × (SD / 16) + 0.35 × (SS / 8) + 0.25 × (SI / 8)]
This normalized expression keeps intact the required maximum contributions: 80 points for Direct Nature Experience, 70 points for Spatial Experience and Place, and 50 points for Indirect Nature Representation. The above normalized expression is better than the raw total multiplied by some number because the latter gives an equal weight to all criteria and does not reflect category weightings.
These category proportions are tentative parameters, informed by literature and not empirically validated health parameters. The Direct Nature Experience gets the largest weight because it includes tangible parameters of daylighting, ventilation, thermal comfort, and vegetative contact. The Spatial Experience and Place gets the second largest weight because it deals with issues of privacy, sanctuary, shared use, and spatial legibility. The last one, Indirect Nature Representation, gets the rest of the weight.
The assessment categories represent descriptive equal width intervals:
Table 3. Assessment levels for BDAF
	BDAF Index
	Assessment level
	Interpretation
	

	0-50
	Low
	Minimal biophilic design provision
	

	51-100
	Developing
	Partial or emerging integration
	

	101-150
	Moderate
	Consistent and substantial integration
	

	151-200
	High
	Comprehensive integration across categories
	


Future research should validate the relative weights through independent expert elicitation, conduct sensitivity analysis, and test whether BDAF scores predict occupant comfort, well-being, or health outcomes.
5. Illustrative Application: Savda Ghevra, Delhi
5.1 Pilot Data
The illustrative application makes use of secondary data from 27 households in Savda Ghevra, Delhi. The initial studies involved the measurement of indoor temperatures, relative humidity, and lighting over 10-minute intervals for a period of 12 months, alongside household surveys and qualitative data (Nix et al., 2020a).
Indoor temperatures were measured between 11.4°C and 26.5°C by Nix et al. (2015), and it was observed that all monitored dwellings failed to maintain indoor temperatures above 21°C for more than 40% of monitored winter hours. Poor lighting, lack of mechanical ventilation, crowding, and risks due to poor housing quality were also highlighted by Nix et al. (2020a).
The current application is an illustration of BDAF mapping rather than the complete BDAF audit. Some scores have been calculated from indoor environmental quality data while some scores have been calculated based on housing typologies and documented conditions.
Table 4. Illustrative secondary-data BDAF mapping across housing typologies
	Typology
	Sample
	SD / 16
	SS / 8
	SI / 8
	Provisional BDAF Index
	Assessment level

	Kutcha
	4
	0
	0
	0
	0
	Low

	Semi-pucca
	5
	0
	0
	0
	0
	Low

	Pucca 1
	2
	3
	1
	2
	36
	Low

	Pucca 1.5
	6
	6
	4
	2
	78
	Developing

	Pucca 2/2.5
	10
	7
	5
	3
	98
	Developing


Source: Adapted from Nix et al. (2015, 2020a). These numbers do not show actual findings from an audit of the BDAF but are secondary data illustrative mappings.
This typological ordering reflects what is known from the evidence. The temporary and mixed material typologies reflect the worst performance with regard to daylight, ventilation, thermal stability, vegetation, and spatial differentiation. The permanent pucca typologies reflect improved performance because of improved construction, more amenities, and greater spatial differentiation.
A simple sensitivity analysis using equal category weights produces identical results, and therefore the ordering is not simply due to the 40:35:25 weighting system. However, the actual values will be tentative until after an actual audit of the indicators has been conducted.
6.DISCUSSIONS AND LIMITATIONS
6.1 Contributions and relation to digital construction
While the key benefit of BDAF is not a new biophilic design checklist, it offers a data pipeline that will allow the connection between biophilic assessment and digital construction data. The described process is related to IT in Construction. BIM will generate design-stage geometry and materials information; GIS can be used for neighborhood-level ecological information; IoT system provides environmental information at operational level. Using rules engine, one can convert these inputs into traceable indicator scores. Consequently, it allows designers and assessors to know what should be improved in the built environment.
The tool is intentionally semi-automatic. Fully automated scoring is needed when assessing the measurable environmental factors like lighting, temperature, air quality, and vegetation distance. Human decision-making is necessary to determine cultural suitability, sensual experience, vernacular integration, and perceived refuge.
6.2 Comparison with existing tools
Table 5. Comparison of BDAF with existing rating tools
	Feature
	BDAF
	LEED v4.1
	WELL v2
	BREEAM-NL

	Dedicated biophilic module
	Yes (16 indicators)
	Partial
	Partial
	Partial (single credit)

	Housing specific
	Yes
	Limited
	No
	Limited

	Context-specific weighting
	Yes (provisional)
	No
	No
	No

	Digital data integration
	Semi-automated
	Partial
	Partial
	Partial

	Validated with low-income typologies
	Illustrated (secondary data)
	No
	No
	No


6.3 Limitations
There are a few limitations that need to be pointed out. Firstly, the example application makes use of secondary data and therefore does not represent a direct BDAF analysis. The predictive validity in terms of well-being outcomes of the occupants has yet to be proved. Conducting field validation using contemporaneous survey of occupants in various settlements is the immediate task at hand.
Secondly, the weights assigned to the categories are only provisional figures based on existing literature and cannot be considered formal results of AHP or Fuzzy Delphi techniques. Any future attempt to conduct an expert elicitation study needs to determine the inter-rater reliability.
Thirdly, there are a few indicators such as water presence, sensory diversity, cultural authenticity, and spatial complexity that cannot be fully evaluated using secondary sources of data. Any future application needs to obtain the full BDAF dataset.
Fourthly, the approach ignores temporal aspects of biophilic design evaluation. Quality of biophilic design changes according to seasons and introduction of dynamic scoring protocol needs to be explored.
7. FUTURE RESEARCH
Three areas of future research are defined. Firstly, validation of the framework is to be carried out based on actual residential developments in different climatic zones and forms of settlements, involving field data gathering, surveys of residents, and validation of the BDAF results against separately measured outcomes of residents. Secondly, weights and thresholds of the indicators must be validated via expert judgment elicitation, including AHP and Fuzzy Delphi methods, and sensitivity analysis of weighting scenarios along with inter-rater reliability analysis. Thirdly, development and testing of BIM and Internet-of-things solutions is to be conducted. This will allow for automation of the metric calculation process, data provenance control, and seasonally and occupancy-based score calculation.
8. CONCLUSION
In this paper, the Biophilic Design Assessment Framework (BDAF) is introduced as a contextual and semi-automated framework that allows the translation of biophilic principles into metrics in urban housing projects. The BDAF framework combines sixteen indicators, digital construction information, environmental sensor data, GIS evidence, audits, and occupant feedback within a standardized 0–200 scoring framework.
The BDAF framework tries to overcome the gap between the qualitative biophilic principles and the data-driven design, construction, and building performance evaluation requirements. The case study of Delhi shows how the existing environmental quality and housing data can be used to fill the workflow, while showing the limitations related to secondary data scoring.
Therefore, the BDAF is a proposed framework for a computational assessment method. Further independent validation of the framework’s weights, threshold values, and relationships with occupant outcomes is required. Despite this, the framework provides a clear path forward towards integrating biophilic assessment with BIM, GIS, IoT, and rule-based digital workflows.
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