<@ sustainability

Article

Biophilic Experience in High-Rise Residential Areas in China:
Factor Structure and Validity of a Scale

Miao Yue 1>, Xinshuo Zhang 3 and Junjie Zhang *

check for
updates

Citation: Yue, M.; Zhang, X.; Zhang, J.
Biophilic Experience in High-Rise
Residential Areas in China: Factor
Structure and Validity of a Scale.
Sustainability 2024, 16, 2866. https://
doi.org/10.3390/5u16072866

Academic Editor: Antonio Caggiano

Received: 13 February 2024
Revised: 19 March 2024
Accepted: 26 March 2024
Published: 29 March 2024

Copyright: © 2024 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

School of Architecture and Urban Planning, Shandong Jianzhu University, Jinan 250101, China;
qsss777@163.com

Department of Architecture and Art, Zhejiang College of Construction, Hangzhou 311231, China
College of Design and Engineering, National University of Singapore, Singapore 999002, Singapore;
myzxs@126.com

Correspondence: jj7212@sdjzu.edu.cn

Abstract: The increasing popularity of high-rise, high-density residential areas in urban environ-
ments has brought about problems such as isolation from nature and increasingly depauperate
ecological conditions, and consequently, adverse effects on residents” health and environmental
sustainability. Therefore, creating a high-quality biophilic living space environment is key to solv-
ing this conflict, considering the health benefits that nature brings to people. However, there are
currently no appropriate assessment tools to measure the biophilic living environment of high-rise
residential areas. In response, we have developed an environment assessment scale for measuring
the Biophilic Experience in High-Rise Residential Areas (BornA) based on resident experiences. Semi-
structured interviews were conducted to identify the measurement items relevant to their biophilic
living experiences and behaviors. Exploratory factor analysis and confirmatory factor analysis were
performed to identify the scale’s structure and examine its reliability and validity. The study resulted
in the development of an 18-item BornA, comprising five dimensions: natural landscape, natural
interaction, cultural identity, neighborhood interaction, and personal space. The BornA contributes
to the assessment of the biophilic living space environment in high-rise residential areas from the
perspective of resident behavior and perception, identifying health intervention environments for
sample populations and understanding how the residential environment affects residents” health.

Keywords: biophilic; high-rise residential area; scale; nature connectedness; sustainability

1. Introduction

The United Nations formulated the 2030 agenda for sustainable development, high-
lighting the significant role of natural environments and green spaces in urban sustainability.
Natural environments not only provide physical sustenance but also contribute to a sense of
relaxation, comfort, and happiness through the physical and emotional connection between
humans and nature [1-3]. However, rapid urbanization has led to the increasing popularity
of high-rise and high-density residential areas in cities [4-7], resulting in the isolation of
urban living spaces from nature, deteriorating ecological conditions [8,9], and various
urban issues such as high stress levels and fast-paced lifestyles [10]. Therefore, under the
dual requirements of limited space and efficient living, creating high-quality residential
environments to meet human beings’ inherent affiliation with nature (biophilia) [11] and
drive lifestyle changes becomes crucial for enhancing their health and well-being in urban
settings [12-16]. Although there have been biophilic residential design system frameworks
proposed from the designers’ perspective [17-19], there is currently no suitable assessment
tool available to determine which environmental features effectively support healthy living
and meet residents’ biophilic preferences. This paper describes the development of the
Biophilic Experience in High-Rise Residential Areas Scale (BornA), a space environment
assessment tool based on residents’ perceptions and behaviors.
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Existing measurement tools for biophilia mainly fall into two categories: nature con-
nectedness scales and restorative environment scales. The commonly used nature connect-
edness scales include the Inclusion of Nature in the Self Scale (INS) [20], Connectedness to
Nature Scale (CNS) [21], and Nature Relatedness Scale (NR) [22]. INS measures the degree
to which an individual incorporates nature into their self-concept. CNS assesses how much
an individual feels they belong to nature and are equal to the organisms within it. NR
evaluates an individual’s appreciation, tolerance, and understanding of the interconnect-
edness between humans and nature. The commonly used restorative environment scales
include the Perceived Restorativeness Scale (PRS) [23] and the Restorative Components
Scale (RCS) [24]. The dimensions of PRS align with the four environmental characteristics
identified by Attention Restoration Theory, namely being away, fascination, extent, and
compatibility. RCS further divides the “being away” dimension into novelty and escape
based on PRS. The development ideas and specific contents of these scales provide refer-
ences for the development of a high-rise residential area space environment assessment
scale based on residents’ biophilic experiences.

When individuals’ biophilia needs are met, they experience psychological benefits
known as nature connectedness (NC) [21,22]. The degree of NC reflects the intensity of
one’s affiliation with nature [25,26] and serves as an important predictor of health and
well-being [27-29]. Residents’ NC is influenced by two categories of factors: environmental
experiences and environmental exposures. The former refers to the experiences within
and around residential spaces, including perceptible natural elements, biodiversity, famil-
iarity, multisensory experiences, and indirect forms of engagement. The latter pertains
to behavioral activities in the residential environment, such as walking or engaging in
physical exercise in natural surroundings near residential areas, as well as interacting with
the natural environment through activities like gardening (Table 1). However, despite the
proven health-promoting effects of many factors, the comprehensive impact of residential
spatial environments on residents” NC remains unclear, and previous studies have paid
limited attention to high-rise, high-density residential environments.

Table 1. The Influencing Factors Contributing to Enhancing NC in Residential Environments.

Category

Factors Examples

Indoor and outdoor
environmental experiences

A large number of natural elements [30,31]; community gardens
Perceptible Natural Elements ~ with frequent access [32]; prolonged opportunities for
engagement [33], as well as easy accessibility [34]

Neighborhood green spaces with high biodiversity and
Biodiversity well-designed ecosystems [35]; rustic-style cottage gardens with
wild plants [36]; thriving plants [37]

Regularly encountering and feeling familiar with natural

Familiarity environments [38,39]; local attachment and social identity [40]

Soundscapes [41]; sound of waterfalls and streams [38]; walking

Multisensory Experiences barefoot in nature [42]

Window views of trees and parks adjacent to buildings [43];
Indirect Natural Experiences ~ wooden walls and floors [44]; biophilic design in residential
interiors such as natural images, forms, colors, and materials [45]

Residential activities

Physical movement in natural ~ Frequent visits to green space, water, and other landscapes by

environment walking, running, and cycling [46]; physical exercise [47,48]
Natural environment for sitting, touching, and playing with [49];

Interactions with natural urban gardening accompanied by nature observation, leisure,

environment physical exercise, social interaction, and knowledge

acquisition [50]; community gardening activities [37,51]

The purpose of this paper is to develop an effective tool in the form of a scale for
evaluating the biophilic spatial environment in high-rise residential areas. Specifically,
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Step 1: Determing Step 2: Developing Step 3: Exploring scale
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Multisensory
Experiences

Indirect
Natural
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natural
Residential ~environment
activities
Interactions
with natural

environment

Literature reviews

there are two objectives: (a) to identify biophilic design features that enhance residents’
NC in the spatial environment and (b) to examine the reliability and validity of the scale
and analyze its structure. The research findings can provide support for healthy housing
research and serve as a reference for healthy residential design.

2. Materials and Study Design
2.1. Study Design and Methodology

The design of this research was based on the classic scale development procedure [52]
and the scale development practice related to spatial environment [53,54]. The first step
involved determining the interview topics by identifying the conceptual scope through a
literature review. This process resulted in the formulation of interview topics. In the second
step, initial items were developed by conducting interviews and coding the interview data.
These initial items were then refined through focus group discussions and pilot testing
using questionnaires. The third step focused on exploring the dimensions of the scale.
A sample of 140 participants completed the scale composed of the generated items, and
exploratory factor analysis was conducted to determine the dimensions of the scale. In the
fourth step, the reliability and validity of the scale were verified. A variable relationship
model was constructed based on the identified dimensions of the scale, and confirmatory
factor analysis and criterion correlation analysis were performed to assess the reliability
and validity of the scale using a sample of 337 participants. Figure 1 shows the steps taken

to develop the scale.
Step 4: Reliability &
validity verification

Natural landscape (6)

Vegetation quantity
Level of sight
Color matching

Explore the perceived factors of Environment Type of element
residential environment factors of . :
: Multisensory landscape
getting close =
to nature Natural vitality
Cultural identity

Humanistic care Cultural identity (3)

Aesthetic preference

N

Observe and experience

nature . .
- - Natural interaction (3)
Interact with animals and
plants
. Interact with water and stone
Behavioral - -
Explore the behavioral factors of factors of Sitfandstndiquictly Individual space (3)
residential activities getting close Walk across
to nature

Individual sports
Group sports
Neighborhood intercourse

Neiborhood intercourse (3)
Indirect interaction with

nature

YT~

1) Semi-structured interview
2) Interview data coding

3) Focus group discussion
4) Pilot testing

1) Confirmatory Factor
analysis (n=337)

Exploratory factor analysis (n=140) )T G A

analysis (n=337)

Figure 1. Steps taken to develop the 18-item BornA scale.

2.2. Data Collection
2.2.1. Investigation Sample

High-rise residential areas are a typical form of residential architecture in Chinese cities.
In residential constructions in China after 2015, 71% consist of buildings with 15 floors or
more. According to China’s “Unified Standard for Civil Building Design (GB 50352-2019),”
ref. [55] residential buildings with a height greater than 27 m are classified as high-rise
residential buildings. High-rise residential areas refer to residential clusters enclosed by
urban roads or natural boundaries composed of high-rise residential buildings with a
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service radius of approximately 500 m. This study takes the densely populated area on the
east side of the Heihe-Tengchong Line in China as the approximate sample area range and
selects densely populated cities as sample cities (Appendix A). To avoid sample variations
due to differences in accessibility to high-quality public natural resources, this study selects
high-rise residential areas within a 1000-m radius without large parks or scenic spots as the
source of respondents.

2.2.2. Semi-Structured Interview

The topics in the semi-structured interviews were based on several main aspects
identified through background literature research (Table 2). Based on a previous random
online pre-survey conducted by the authors, participants in the semi-structured interviews
were sampled from the pool of respondents based on the following criteria: (a) residing
in high-rise residential buildings within high-rise residential areas; (b) having lived in the
current residential area for at least one year; (c) covering three age groups (18~40, 41~60,
>60). The semi-structured interview survey was conducted from July 2023 to November
2023 using both face-to-face interviews and targeted online surveys. To mitigate potential
limitations arising from the respondents” awareness, we will first introduce some basic
knowledge of natural perception and activities, as well as previous research, and aim
to conduct interviews in green spaces, parks, or squares near the respondents” homes.
Considering the cognitive and expressive abilities required for participants to comprehend
the interview topics, individuals aged 18 and above were included in the scope of the
interviews. Moreover, based on recent statistical data indicating that the average life
expectancy in most provinces of China falls within the range of 66 to 72 years, the research
individuals were aged 66 and below. With the participants’ permission, the interviews were
recorded digitally or in writing. Continuous data analysis was performed to determine
theoretical data saturation when no new topics emerged, achieving sufficient sampling
representation [56]. The survey collected 20 valid responses from 17 provinces of China,
covering the eastern, northern, central, and western regions. Considering factors such as
communication, cognition, and average life expectancy, participants across multiple age
groups ranging from 18 to 66 years were included in the study (Appendix B).

Table 2. Topics for Semi-Structured Interview.

Classification

(1) Exploring elements of
environmental perception

(2) Exploring elements of behavioral

activity

Problem Subproblem
Which environmental elements can make = What are the characteristics of these
you feel more connected to or closer to environmental elements, and what makes
nature? them particularly impressive to you?
What activities can you do at home or Why do these things bring about a sense of
within your community to feel more connection to nature, and what specific
connected to or closer to nature? feelings do they evoke?

2.2.3. Questionnaire Survey

The survey on biophilic experience in high-rise residential area environments was
conducted in China from 3 to 18 December 2023 using an online survey website (https:
/ /www.wijx.cn, accessed on 1 December 2023). This website is widely used in China and
provides convenient services for uploading and publishing questionnaires as well as down-
loading collected data. We invited residents from 23 provinces in China to complete the
online questionnaire through the popular social media platform WeChat, covering most
regions of China (Figure 2). Participants were informed of the research purpose, which was
to explore environmental and behavioral factors in high-rise residential areas that enhance
a sense of affiliation with nature. Individuals who have less than one year of experience
living in high-rise residential areas were excluded from the survey. The questionnaire
survey included the BornA Scale and the INS Scale. The BornA scale, based on previous
research, was developed to assess residents” biophilic experiences. The INS scale is a
widely used and well-established scale, employed in this study to measure residents” NC
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and validate the BornA scale. Numerous empirical studies have indicated that various
perceptual and behavioral factors of the residential environment can influence residents’
NC [31,43,57]. Therefore, we hypothesize that the comprehensive experience of the resi-
dential environment also affects residents” NC. The online survey website recorded the
completion time and IP address of each respondent. Duplicate submissions or completing
the questionnaire within a short period of time using the same IP address were considered
invalid and removed from the analysis. The questionnaire survey was administered in two
stages. The first administration collected 155 questionnaires, out of which 140 were deemed
valid and utilized for exploratory factor analysis. The second administration collected
380 questionnaires, out of which 337 were considered valid and used for confirmatory
factor analysis. Table 3 shows the participants’ demographic information.

- Surveyed Area
- Unsurveyed Area

Figure 2. Regional Distribution of Survey Participants (Covering 23 Provinces in China).

Table 3. Demographic information.

Frequenc Percentage Frequenc Percentage

Measure  Items o190 G-140° o3 o3

Male 73 52.1% 157 46.6%
Gender Female 67 47.9% 180 53.4%

18~40 76 54.3% 207 61.4%
Age 41~60 61 43.6% 126 37.4%

>60 3 2.1% 4 1.2%
Education Graduate 4 2.9% 7 2.1%
Level Junior College or ¢ 54.3% 250 74.2%

University

Other 60 42.8% 80 23.7%

2.3. Data Analysis

The key themes, concepts, and descriptive vocabulary that appeared in the text were
recorded using open coding [58]. The interview data were analyzed and classified based
on the themes and concepts identified in the literature review. A focus group discussion
was conducted with six experts, followed by a pilot test involving 15 university students to
generate the initial items for the scale. Subsequently, the Mean score of each item and the
Corrected Item-Total Correlation (CITC) were calculated using SPSS software (IBM SPSS
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Statistics 26) to conduct a preliminary selection of the initial items to obtain the formal
measurement items (n = 140). Furthermore, the Kaiser-Meyer—Olkin (KMO) value and
Bartlett’s sphericity test were performed. Exploratory factor analysis was conducted using
Principal Component Analysis to extract and establish reasonable Construct factors from
the formal measurement items.

Subsequently, a Structural Equation Model (SEM) was established using AMOS soft-
ware (IBM SPSS Amos 21.0.0), and the Maximum Likelihood estimation method was
selected for Confirmatory Factor Analysis (n = 337). The Construct factors extracted from
Exploratory Factor Analysis were treated as latent variables, while the formal measurement
items that had been coded and screened were used as observed variables. Model fit indices
were utilized to evaluate the goodness of the model fit. Drawing on the recommenda-
tions made by Joseph [59] and Wu [60], this paper employed the following fit indices and
criteria: xZ, normed chi-square (x%/df), Goodness-of-Fit Index (GFI), Root Mean Square
Error of Approximation (RMSEA), Normed Fit Index (NFI), Comparative Fit Index (CFI),
Tucker-Lewis Index (TLI), and Incremental Fit Index (IFI).

Next, the reliability and validity of the scale were further tested, including Composite
Reliability (CR), Convergent Validity, and Discriminant Validity. It is generally believed
that when the CR value exceeds 0.700, the sample data has good CR [61]. As for Convergent
Validity, meeting the following criteria indicates good Convergent Validity: (1) Standard
factor loading is above 0.500 [62]; (2) Average Variance Extracted (AVE) is greater than
0.500 [63]; (3) CR value is greater than 0.700. Regarding Discriminant Validity, if the
correlation coefficients between any two factors are all smaller than the square root of their
respective AVE values, it indicates good Discriminant Validity between the factors [64].

The ability of a scale to predict existing variables is an important criterion for deter-
mining the reliability of the scale as a measuring tool, known as Criterion Validity [65].
In the Criterion Validity study of biophilic environments, the mature construct of “Nat-
ural Connectedness” was used as the outcome variable. If the biophilic environment
can affect residents’ NC, it indicates that the developed scale meets the requirements of
Criterion-related Validity. The NC data measured by the INS scale (Figure 3) were statis-
tically analyzed. Pearson’s Correlation Coefficient was used to calculate the correlation
between each measurement item of the BornA scale and the NC data, so as to further test
the Criterion Validity of the BornA scale.

Self Nature

Figure 3. Inclusion of Nature in the Self scale (INS) [20].

3. Results
3.1. Interview Analysis

Participants identified numerous influential factors based on their daily life experi-
ences that contribute to their sense of connection with nature. In terms of environmental
perception, the quantity, variety, and design effects of natural elements were most fre-
quently mentioned, along with various social and cultural factors. Regarding behavioral
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activities, both physical activities and neighborhood social interactions were found to have
an impact on residents” overall experiences. Although there were variations in preferred
attribute characteristics among different age groups, such as the middle group placing
more emphasis on the richness, aesthetics, and novelty of elements and the elderly group
prioritizing stability, harmony, and cultural connotation, the overall categories of influential
factors remained similar. Through coding analysis of interview data, 65 initial elements
were identified. These elements were then categorized into 19 main thematic categories by
combining the 70 attributes from Kellert’s [66] six dimensions of Biophilic Design and the

14 patterns proposed by Browning [67], as shown in Table 4.

Table 4. Data Analysis of Semi-Structured Interview Collection.

Category

Influencing Factors

Space Environment

Vegetation quantity (high vegetation coverage, high proportion of green plants in the field of view);
Visual hierarchy (wide field of view, layered with highs and lows);

Color matching (rich plant colors, properly matched);

Types of natural elements (including sunshine, plants, water features, animals, rocks and sand, gentle
breezes, etc.);

Multisensory experience (incorporating visual (landscape), tactile (texture), olfactory (floral scents, a
refreshing air), auditory (quietness, bird chirping, water sound), etc.);

Natural vitality (thriving and growing vigorously, displaying a variety of colors and forms);
Historical and cultural heritage (reflecting the local history and culture, evoking a sense of familiarity
and identification);

Humanistic care (such as windproof and rainproof, design for the elderly and children,
climate-adaptive design);

Neat and tidy (clean and well-maintained).

Behavioral Activity

Observing experiences (smelling flower fragrance, observing insects and animals, enjoying the scenery,
sunbathing, sitting on the grass);

Interacting with animals and plants (planting, harvesting, caring for animals, catching fish and shrimp);
Interacting with sand and stones (playing in the water, playing with sand, climbing rocks,

exploring caves);

Sitting or standing quietly (reading, drawing, using a phone);

Crossing the greenway (commuting, traveling, shopping);

Personal exercise (walking, running, cycling, rollerblading);

Group exercises (playing ball, practicing Tai Chi, square dancing);

Social activities (chatting, playing with friends, community events);

Indirect interaction (taking care of children, walking dogs, watching birds);

Facility usage (swinging on a swing, playing on a hammock, setting up a tent, using fitness equipment).

3.2. Exploratory Factor Analysis

During the initial screening of measurement items, any item with a mean score less
than 3 and a CITC less than 0.4, which would increase Cronbach’s «cvalue if deleted, was
eliminated. As a result, Item 19 (facility usage) was removed. Following the reliability
test, the overall Cronbach’s xcoefficient for the scale was 0.883, indicating high internal
consistency. Subsequently, exploratory factor analysis was conducted using the remaining
18 measurement items.

A valid questionnaire containing 18 items was administered to 140 respondents.
Kaiser-Meyer—Olkin (KMO) value and Bartlett’s Test of Sphericity were conducted, yield-
ing a KMO value of 0.838 and a significant Bartlett’s test statistic of 1170.332 (Sig. = 0.000,
p < 0.01), indicating that exploratory factor analysis is appropriate. Then, Principal Com-
ponent Analysis with maximum orthogonal rotation was performed. The first five factors
with eigenvalues greater than 0.98 were extracted based on the scree plot (Figure 4), ex-
plaining 69.3% of the total variance, which exceeded the threshold of 60.0% [68]. All items
corresponded to unique factors, and their factor loadings were greater than 0.5.

The results of the reliability test indicate that Cronbach’s « coefficient for the first
to fifth factors are all greater than 0.700, which suggests a high level of internal consis-
tency [69]. Overall, this indicates that the reliability of the questionnaire is high, and the
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dimensional structure is stable. Based on the content and characteristics of the measure-
ment items included in each factor, they were, respectively, named Natural Landscape,
Nature Interaction, Cultural Identity, Neighborhood Communication, and Individual Space
(Table 5).

Eigenvalue

1 2 3 4 5 51 7 8 g 10 11 12 13 14 15 186 17 18
Number of factor

Figure 4. Scree plot of exploratory factor analysis (EFA) with 18 items.

Table 5. Results of Exploratory Factor Analysis.

Factor Explanatory Cumulative Cronbach’s
Factor Code Item . Eigenvalue . o Explanatory
Loading Variance/% . o
Variance/%
Al The vegetation coverage and 0.832
green vision rate were high.
A2 The view is wide and the 0.699
landscape is layered.
Plants are rich in color and
A3 well-matched. 0817
Both sunshine, plants, water
Natural features, animals, sand, breeze,
Landscape Ad and other natural elements, rich 0781 6.09 33.862 33.862 0.884
and diverse.
Landscape design can provide a
multisensory experience with
A5 sight, hearing, smell, taste, and 0.840
touch.
A6 Reflect thbe dynamlc change of 0.592
natural vitality.
Bl Pr0V1'de space to observe and 0793
experience nature.
N Provide space for natural
ature B2 interaction, such as planting and 0.806 2.765 15.361 49.223 0.763
Interaction L
picking.
B3 PI‘O\'Ilde a natural space 0.619
environment for fun.
c1 Reflect the local history and 0.738
culture.
Cultural Reflect the humanistic care of
K C2 shading the sun and rain, suitable 0.601 1.527 8.484 57.707 0.738
Identity
for the old and young.
3 Conform to aesthetic preference 0.662

and maintain clean and tidy.
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Table 5. Cont.

Factor Explanatory Cumulative Cronbach’s
Factor Code Item . Eigenvalue . o Explanatory
Loading Variance/% . o o
Variance/%
D1 Provide a neighborhood space 0.769
close to nature.
Neighborhood D2 Provide fitness facilities and a 0.647
Communica- square close to nature. ’ 1.101 6.117 63.824 0.781
tion Provide an interactive space for
D3 parenting and cute pets close to 0.800
nature.
E1 Prqwde patural leisure space for 0.731
quiet solitude.
Individual Provide accessible landscape
Space E2 green space. 0.641 0.983 5.459 69.283 0.746
B3 Provide continuous walking trails 0615

close to nature.

3.3. Confirmatory Factor Analysis

The ability of the model obtained through exploratory factor analysis to fit actual obser-
vation data was examined by confirmatory factor analysis. As shown in Table 6, all model
fitting results meet the fitting standards and demonstrate good model fitting performance.

Table 6. The overall fitting results of the model.

Fitting Index Fitting Standard Statistical Result
X2 The smaller, the better 324.419
Normed chi-square (x2/df) <3.000 2.595
Goodness-of-Fit Index (GFI) >0.900 0.908
Root Mean Square Error of
Approximation (RMSEA) <0.080 0.069
NFI2/CFIP/TLI¢/IFI 4 >0.900 0.931/0.956/0.946/0.956

Note: @ NFI = Normed Fit Index; ® CFI = Comparative Fit Index; © TLI = Tucker-Lewis Index; d 1F[ = Incremental
Fit Index; the same applies to the following.

As shown in Table 7, the composite reliability of the five-factor model is all above
0.700, indicating strong reliability of the scale. Moreover, the results of confirmatory factor
analysis demonstrate that the standard factor loadings of the measurement items are all
higher than 0.500, the composite reliability values are all greater than 0.700, and the Average
Variance Extracted (AVE) values are all above 0.500. Therefore, it can be concluded that the
scale possesses good convergent validity.

Table 7. Results of Confirmatory Factor Analysis.

Factor Code Standard Factor Average Variance Composite
Loading Extracted (AVE) Reliability (CR)

Al 0.891
A2 0.831
Natural A3 0.846

Landscape A4 0.854 0.715 0.938
A5 0.853
Ab 0.796
Nat Bl 0.853
nteraction B3 0.797
C1 0.834

Cultural Identity C2 0.873 0.742 0.896

c3 0.876
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Table 7. Cont.

Factor Code Standard Factor Average Variance Composite
Loading Extracted (AVE) Reliability (CR)

: D1 0.806

Neighborhood D2 0.847 0.633 0.837
Communication D3 0.729
El 0.734

Individual Space E2 0.799 0.613 0.826
E3 0.813

As shown in Table 8, the square root of the AVE values for the five factors that
make up this scale are all higher than the correlation coefficients between each factor and
other factors. This indicates that the scale has good discriminant validity. The correlation
coefficient obtained by confirmatory factor analysis is shown in Figure 5.

Table 8. Results of Discriminant Validity Analysis.

Natural Landscape  Nature Interaction = Cultural Identity Nelghbo'rhOS)d Individual Space
Communication

Natural Landscape 0.715
Nature Interaction 0.652 0.669

Cultural Identity 0.710 0.744 0.742

Neighborhood 0.571 0.717 0.701 0.633

Communication

Individual Space 0.663 0.790 0.762 0.795 0.613
Square root of AVE 0.846 0.818 0.861 0.796 0.783

The vegetation coverage and green vision rate are high. (A1)

The view is wide and the landscape is layered. (A2)

Plants are rich in color and well-matched. (A3)
Natural

landscape : There are rich and varied natural elements. (A4)

Landscape design can provide a multisensory experience. (A5)

Reflect the dynamic change of natural vitality. (A6)

Provide space to observe and experience nature. (B1)

Natural

interaction Provide space for planting and picking. (B2)

Provide a natural space environment for fun. (B3)

Reflect the local history and culture. (C1)

Cultural

identity Reflect humanistic care design. (C2)

Conform to aesthetic preference. (C3)

Provide a neighborhood space close to nature. (D1)

Neighborhood

. Provide fitness facilities and a square close to nature. (D2)
communication

Provide an interactive space for parenting and cute pets. (D3

Provide natural leisure space for quiet solitude. (E1)

Individual

space Provide accessible landscape green space. (E2)

Provide continuous walking trails close to nature. (E3)

Figure 5. Factor Structure of the 18-item BornA Scale based on Confirmatory Factor Analysis (CFA).
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3.4. Analysis of Criterion Validity

The relevant analysis results (Table 9) indicate that there is a significant positive
correlation (p = 0.000) between the six dimensions and 18 items of the BornA scale and the
criterion of NC.

Table 9. Pearson Correlation Analysis of Item and Criterion Validity.

Code Mean SD NC A1 A2 A3 A4 A5 A6 Bl B2 B3 Cl C2 C3 DI D2 D3 FEl E2 B3
NC 325 092 1
Al 39 o799 0364
A2 394 oglg 038 078
A3 390 o5 0333 0745 0716
A4 399 oge 025 0756 0691 0748
A5 406 osy 034 075 0687 0734 079
0354 0732 0663 0637 0.656 0677
A6 3.94 0.856 *% % *% *% *% *% 1
0231 0436 0452 0413 0447 0503 0515
Bl 3'94 0'932 % ¥ *3k *3k *3k % *% 1
0250 0470 0436 0493 0453 0413 0451 0711
B2 3'83 0'924 *F *ok *ok *ok *k *F *F *ok 1
By as0  oogs 0240 0442 0484 0429 0432 0446 0529 0669 0618
0265 0521 0565 0438 0489 0450 0499 0537 0448 0548
Cl 3'84 0'913 *F *ok *ok *ok ok *F *F *ok £ £ 1
0338 0556 0533 0441 0511 0519 0526 0515 0473 0577 0737
C2 3'92 0'883 >k £ *3% *% *% *% *F *3% *% £ £ 1
0266 0538 0571 0506 0572 0547 0550 0559 0505 0566 0719 0766
C3 4.05 0.829 % % % % % % % % ok ok % % 1
0291 0316 0407 0344 0336 0389 0358 0433 0358 0444 0454 0486 0488
Dl 3‘84 0'963 >k *ok *ok *ok >k *F *F *ok £ £ £ *ok ok 1
0260 0372 0441 0423 0403 0432 0437 0503 0461 0522 0513 0507 0498 0.707
D2 3.65 0.989 * pot - ** ** ** * -+ o ot pot bt ** ** 1
0213 0398 0421 0395 0437 0392 0397 0511 0517 0556 0502 0487 0428 0585 0583
D3 3'62 1'032 *F *ok *ok *ok *ok ¥ *F *ok £ £ *ok *ok *ok £ ok 1
Bl a76  osps 0263 0494 0492 0479 0417 0446 0461 0432 045 0438 0483 0514 0510 0422 0446 0429
0195 0461 0451 0479 0393 0412 0424 0487 0447 0517 0531 0519 0547 0519 0577 0497 0.609
E2 3'82 0'867 *F *3k *ok *ok *k % ¥ *ok £ ¥ *3k *ok *ok £ *F *F *F 1
0225 0470 0442 0456 0390 0420 0455 0618 0590 0529 0487 0495 0553 0505 0552 0478 0595 0.636
E3 3'97 0'860 >k £ *o% *% *% >k *F *% *F £ £ *3% *% £ >k *F *F XK 1

: Atlevel 0.01 (two-tailed), the correlation was significant.

3.5. Descriptive Statistical Analysis of Items

After conducting a statistical analysis of the scores for the 18 selected measurement
items on “the intensity of feeling connected to or close to nature”, it was found that most
of the evaluations were either “5-very strong” or “4-strong”, indicating the effectiveness
of the measurement items in terms of closeness to nature (Figure 6). Based on these two
evaluations, the top 8 effective contents for affiliation with nature are A5 (multisensory
experiences, 82.1%), A4 (types of natural elements, 75.7%), C3 (neat and tidy, 75%), Al
(vegetation quantity, 72.8%), A2 (visual hierarchy, 72.2%), C2 (humanistic care, 71.4%),
E3 (personal exercise, 70.7%), and A6 (natural vitality, 70.0%). These findings provide
valuable guidance for residential environment design. Elements that have a significant
impact on people’s experiences should receive greater attention and application during the
design process.



Sustainability 2024, 16, 2866

12 of 19

|1/ 1% | 55.7% 243% 1.
| __136% | 53.6% 25.0% T
[ __1/9% | 48.6% 29.3% 2
| 21.4% | 54.3% 18.6% /A
32 1% | 50.0% 14.3% 2 b
|22 0% | 47.1% 27.1% T
L2/ 1% | 38.6% 29.3% =
L 20./% | 42.9% 30.7% b/od
|15 /20 | 42.1% 36.4% R 0%d
| _1°.0% ] 39.3% 41.4% 2
20 /% | 50.7% 25.7% 2
22 1% | 52.9% DSNGYsmIE %,
L 20./% | 44.3% 27.1% b 4% |
| _13.6% | 41.4% 35.7% [7.1%! |
|14 3% | 39.3% 37.1% b 0% |
|1/ 1% | 32.1% 44.3% b /%]
|15 /% | 38.6% 40.7% -
[ 236% | 47.1% 25.7% SER
| | |

Figure 6. Proportion of Score Results of Each Item in the Scale.

4. Discussion

Based on Environment-Behavior Studies, this study developed the BornA scale consist-
ing of 18 factors that evaluates the biophilic experience of high-rise residential environments
according to residents’ perceptions and behaviors. During the BornA scale assessment,
participants scored each of the 18 factors on a Likert scale, and the final score is the sum of
the Likert scores. This scale adopts a people-oriented approach [70], enabling respondents
to extract effective factors from their daily living environment and behavioral activities. As
such, respondents’ evaluations and factor extractions are based on two principles: first,
to consider the overall sensory experience provided by the spatial environment from the
user’s perspective rather than evaluating individual elements from an observer’s perspec-
tive; second, to extract behavioral perceptions from the spatial environment based on daily
life scenarios, rather than based on static spatial division. This approach can fully lever-
age respondents’ subjectivity to conduct in-depth research into the spatial environments
without any predefined boundaries [71] and guide the relevant strategy formulation for
residential environmental design.

The analysis of the 18 measurement items revealed that the multisensory experience of
various natural elements is the most crucial factor in enhancing people’s affinity for nature.
This may be attributed to the ability of different senses to stimulate corresponding neurons
and the interconnected neural networks forming a multi-channel neural structure, thus
enabling a more comprehensive and profound perception of the spatial environment [72,73].
In addition, the adequacy of vegetation greening in terms of quantity, aesthetic design, and
vitality emerges as a significant aspect influencing people’s perceptions. This aligns with
the four characteristics of restorative environments: being away, extent, fascination, and
compatibility [74]. Furthermore, the emphasis on humanistic care and individual exercise
indicates the importance of natural spaces providing residents with comfortable activity
areas, aiming to increase exposure to nature and promote proactive health by attracting
residents’ daily behavioral activities [46,47].

The 18-item BornA scale developed in this study demonstrated robust psychometric
properties. Factor analysis revealed that the scale comprised five factors with satisfactory
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internal consistency. The correlation between the measure of NC assessed by the INS scale
provided further evidence for the external validity of the BornA scale. Based on these
findings, a theoretical framework was proposed in which the intermediate factors of the
natural landscape, natural interaction, cultural identity, neighborhood communication, and
individual space interacted with each other, influencing different components of residents’
affinity for nature in their living environment. From the perspective of environmental
perception, pleasant natural landscapes and well-designed cultural identity can enhance
residents’ intimacy [75] and sense of belonging [76] with the natural environment, optimiz-
ing the design quality of spatial environments. This aligns with the research indicating that
perceptions of natural residential environments enhance NC. Firstly, the dimension of natu-
ral landscapes is the most significant factor in the biophilic environment, serving as a key
trigger for residents’ ecological emotions [77]. Natural landscapes that align with aesthetic
preferences evoke a love for nature in individuals [78], with individual environmental per-
ceptions often seen as the beginning of natural experience and exploration behaviors [79].
Secondly, the dimension of cultural identity, while meeting the biophilic design attribute of
connecting with the environment, history, and culture [66], can shape community identity
and emotional connections [35], thereby strengthening local attachment [80]. From the
perspective of behavioral activities, residents engaging in natural interactions, neighbor-
hood interactions, and personal activities in a favorable natural spatial environment further
enhance the deep emotional connection between people and nature [33]. These findings are
consistent with research indicating that residential behavioral activities can enhance NC.
Natural interactions not only satisfy human curiosity and exploration of nature [81] but
also create rich and meaningful activity experiences for residents [82]; engaging in close
interactions with nature in the neighborhood promotes community cohesion and harmo-
nious neighborly relationships [51], reinforcing the formation of community consciousness;
and engaging in individual activities such as exercise, walking, and rest in the natural
environment can promote nature connection by increasing the frequency and duration of
contact with nature [46]. Compared to existing biophilic residential frameworks [17,18],
our study utilizes the degree of nature connection as a quantitative indicator, effectively
ensuring the validity of the scale; relative to biophilic frameworks in other regions [83,84],
our study, set against the backdrop of traditional Chinese culture and high population den-
sity, emphasizes the cultural and neighborhood values of the natural environment, which
is of significant importance for the role of biophilic environments in promoting health.
The natural landscape factor in the BornA scale includes six elements: vegetation
quantity, visual hierarchy, color matching, types of natural elements, multisensory experi-
ence, and natural vitality, indicating that the quantity and quality of natural elements and
their combined environment form the foundation of biophilic environmental perception.
According to evolutionary theory, human judgments of the functional aspects of the nat-
ural environment have been internalized as preferences for the natural environment [2].
Therefore, natural landscapes that align with environmental preferences trigger biophilic
environmental perceptions by satisfying human biophilic tendencies [3]. Simultaneously,
engaging in interactive activities with nature provides individuals with a sense of relax-
ation and pleasure [75,82]. The natural landscape factor and the natural interaction factor
together constitute the two most influential factors affecting individual biophilic experi-
ences. Furthermore, cultural identity and neighborhood interactions have a significant
impact on residents’ perceptions of healthy living. Familiarity, consistency, and human
care align with the Utilitarian, Humanistic, and Moralistic values in the biophilic value
system [3], while a natural neighborhood environment fosters a comfortable and relaxed
atmosphere for interpersonal communication, promoting positive social relationships [85].
Both factors can enhance residents’ sense of belonging and neighborhood cohesion [86,87].
Finally, a biophilic environment provides favorable physical spaces for engaging in physical
activities, facilitating residents’ physical and mental well-being through the promotion of
positive behavioral patterns [76,77]. Of particular importance, the five intermediate factors
and the 18 measurement items identified in this study reveal how individuals process
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environmental information through perception, cognition, and behavior to achieve a sense
of intimacy and connection with nature [88]. This provides evidence of how residents
experience the natural environment in high-rise, high-density residential areas, explains
the role of natural factors in residents’ healthy lifestyles, and contributes to research and
development of healthy living environments.

The BornA scale provides an environmental assessment tool for investigating the bio-
philia hypothesis and evaluating the impact of residential environments on residents’ health.
Building upon this foundation, environmental intervention measures can be proposed from
aspects such as natural landscapes, natural interactions, cultural identity, neighborhood
interactions, and individual spaces to promote health. This can offer a comprehensive set of
biophilic design strategies for high-rise, high-density residential areas to improve residents’
health and well-being. For instance, to enhance environmental perception, strategies may
include increasing green coverage at building interfaces, designing multi-level landscape
paths with expansive views for exploration, using plants with wild natural characteristics,
and incorporating natural textures or culturally significant installations. Furthermore, to
optimize natural activity experiences, interventions could involve establishing community
gardens, adding meandering paths within green spaces, designing enclosed rest areas
with greenery, and incorporating interactive recreational facilities. These intervention
measures and design strategies demonstrate the potential to improve residents” quality
of life, lifestyles, and physical and mental health in a synergistic manner. They have the
capacity to create a residential environment that promotes health and well-being.

5. Limitations and Further Research

The majority of participants in this study were residents who had independent access
to online questionnaires, primarily consisting of middle-aged individuals aged 18-60. It
remains uncertain whether the BornA scale is applicable to older adults and children. In
future research, specific studies on biophilic residential environments tailored to older
adults and children can be conducted. These studies can contribute to the development of a
comprehensive age-friendly biophilic residential environment assessment tool or establish
supplementary assessment tools for older adults and children.

While this study covered most provinces in China, it is important to adjust specific
evaluation items for local climate and environmental suitability during practical application.
Further research can concentrate on developing climate-specific measurement items and
dimensions, thus creating a regionally tailored biophilic residential environment evaluation
tool with climate adaptability.

This study focuses on the spatial environment of high-rise residential areas but lacks
an investigation into the correlation with the surrounding environment and a classifica-
tion based on the quality of natural resources in the vicinity. In further research, it is
recommended to classify based on the characteristics of the surrounding environment and
develop a targeted biophilic residential environment assessment tool.

6. Conclusions

High-rise residential areas, as the typical form of over 70% of new residential construc-
tion in China in the past decade, play a crucial role in shaping the living environment for
urban dwellers. As more residents concentrate in metropolitan areas, many find themselves
living in these efficient yet relatively isolated from nature spaces. This study examines
the characteristics of the BornA scale, which consists of 18 factors, to measure residents’
biophilic experiences in densely populated urban environments within high-rise buildings.
The BornA scale serves as a scientific tool for measuring environmental experiential feel-
ings with good reliability and validity. From the perspective of the availability of natural
connections, the BornA scale and its five dimensions, including the natural environment
perception factors of natural landscapes and cultural identity, as well as the natural activity
experience factors of natural interactions, neighborhood interactions, and individual spaces,
form the basis for studying biophilic environments. These five dimensions represent ef-
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fective pathways for promoting residents” healthy lifestyles in high-density residential
areas. The scale can be utilized to assess the extent of residential environments” impact on
people’s biophilic perceptions and guide the development of health intervention measures
and design strategies for spatial environments. In densely populated urban residential
environments with high-rise buildings, clear factors influencing biophilic spatial environ-
ments will contribute to the systematic development of place-based intervention measures.
Through environmental design that fosters a close connection between residents and nature,
the establishment of ecologically healthy and sustainable communities can be achieved.
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Figure A1. Population distribution map of the 7th census of China.
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Appendix B

Table A1l. Demographic information of Semi-Structured Interview.

Measure Items Frequency (n = 20)
Male 9
Gender Female 11
18~40 9
Age 41~60 6
>60 5
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