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Abstract. Biodiversity is threatened by rapid urbanization, yet research on people’s
attraction to biodiversity remains scarce. The Biophilia Reactivity Hypothesis pro-
poses biophilia, defined as an attraction to biodiversity, as a temperament trait. We
developed a short survey instrument to measure Backyard Biophilia (BB)—an attrac-
tion to biodiversity in the home garden—and tested it on a representative convenience
sample (n 5 2031). The BB scale met the first criteria for a temperament trait, indi-
vidual variability along a normal distribution, as well as good internal consistency,
and a two-factor solution (Gardening for Wildlife and Lawn and Order). Higher BB
scores correlated with increased proenvironmental behaviors and were inversely cor-
related with biophobia, defined as a fear or aversion to biodiversity. BB was also neg-
atively correlated with income, with the lowest income bracket showing the highest
attraction to biodiversity. These findings emphasize the importance of understanding
individual preferences in biodiversity conservation, particularly in residential settings,
and suggest that the BB scale could provide initiatives aimed at fostering biophilic
connections across diverse urban environments.

Biodiversity loss is an issue of global con-
cern. Closely tied to ecosystem collapse and
climate change, it was recently identified by
the World Economic Forum as the second
greatest threat to our global future (World Eco-
nomic Forum 2024). In 1984, E.O. Wilson
(1984) proposed biophilia as an additional con-
servation ethic—an “innate tendency to focus
on life and life-like processes,” later expanded
to mean “the innately emotional affiliation of
human beings to other living organisms”
(Wilson 2007). Wilson framed biophilia as a
universal human trait, arguing that without the
natural world, people would suffer. Although
he did not specify how this suffering might

manifest, more recent research has linked bio-
diversity loss—and the climate risks that ac-
company it—to elevated rates of mental illness
(Comtesse et al. 2021) and increased mortality
from diseases associated with modern urban
lifestyles (Pontzer et al. 2018).

Despite decades of advocacy from sci-
entists, policymakers, and conservationists
(Sarkar 2021), biodiversity continues to decline.
International treaties on biodiversity conserva-
tion aim to meet their targets (Bjorkland and
Bjorkland 2021; Hoffman et al. 2022), and
human-driven extinction is estimated to be
occurring at roughly 1000 times the natural
background rate (Pimm et al. 2014). Conser-
vation efforts have historically focused on
wilderness areas under threat from develop-
ment (Di Marco et al. 2019) but there is grow-
ing recognition of the need to protect and
promote biodiversity within urban, suburban,
and peri-urban environments. Cities and towns,
when designed intentionally, can function as
biodiversity refugia, supporting local and mi-
gratory species (Knapp et al. 2021). Since the
early 2000s, urban biodiversity has been in-
cluded in global conservation goals, but like
broader targets, these efforts remain underach-
ieved. Current projections suggest that a third
of terrestrial vertebrates will lose habitat due to
urban expansion by 2050 (Simkin et al. 2022).

There are likely many reasons for the
mismatch between intention and action in

biodiversity conservation, including eco-
nomic shortfalls, and lack of education and
awareness (Simkin et al. 2022). In the past
decade, there has been growing interest in
the social dimensions of conservation, in-
cluding how people perceive and interact with
biodiversity in urban settings. Understanding
these human dimensions—especially affective
and behavioral responses to biodiversity—may
be key to more effective urban conservation
strategies. Emerging evidence suggests that
proenvironmental behaviors and environmental
orientations are psychologically variable—
shaped by exposure, experience, and cultural
context (Larson et al. 2015). Jennings et al.
(2016), for instance, argue that cultural eco-
system services and social determinants of
health should be central to urban sustainabil-
ity planning, particularly in communities fac-
ing systemic inequities in greenspace access.

These psychological and social gradients
also influence how people respond to biodiver-
sity itself. Peterson et al. (2012) found that
landscaping preferences were shaped by neigh-
borhood norms, race, and income, with African
American and higher-income residents show-
ing stronger preferences for turfgrass over na-
tive plant gardens—highlighting both cultural
values and environmental justice dynamics.
The well-documented “luxury effect” further
illustrates this pattern: wealthier neighborhoods
often exhibit higher biodiversity due to differ-
ences in historical zoning, landscaping invest-
ment, and ecological management (Hope et al.
2003; Leong et al. 2018). Yet this does not
mean all residents value biodiversity equally.
These findings reinforce the need to move be-
yond assumptions of uniform biophilia and to-
ward a framework that recognizes individual
variability.

Although the biophilia hypothesis is widely
cited in research linking natural environments to
human health and well-being—especially in
horticulture and urban planning (Hall and Knuth
2020; Lefosse et al. 2023; R�ıos-Rodr�ıguez et al.
2024)—its foundational claims have been ques-
tioned. Wilson (1984) proposed biophilia as an
innate and universal human affinity for life and
life-like processes, but these claims were never
empirically tested in a rigorous or falsifiable
way (Joye and De Block 2011; Woods and
Knuth 2023). Moreover, much of the literature
assumes a general “nature” effect, with limited
specificity about what “nature” entails (Howlett
and Turner 2024; Jimenez et al. 2021; Silva
et al. 2024).

In the Biophilia Reactivity Hypothesis, bio-
philia is defined as a temperament trait, specifi-
cally an attraction to biodiversity (Woods and
Knuth 2023). A temperament trait is defined as
a biologically based individual difference in
emotional reactivity, self-regulation, and be-
havior, which appears early in life and remains
relatively stable over time (Rothbart et al.
2007). In contrast to a more general concept of
“nature,” biodiversity—defined as the variety
and variability of life at all levels (Watson
et al. 2019)—offers a measurable construct.
Biodiversity can be assessed at the ecosystem,
species, and genetic levels using established
scientific tools, from satellite mapping and
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species transects to molecular markers. Fram-
ing biophilia in relation to biodiversity allows
for more precise and comparable assessments
than generalized notions of “nature.”

Yet research remains mixed on whether bio-
diversity directly shapes human preferences or
well-being. Some studies show that people can
perceive and prefer biodiversity: in urban green-
spaces, individuals have correctly identified and
favored more species-rich environments
(Lindemann-Matthies 2010; Meyer-Grand-
bastien et al. 2020), and national parks with
greater biodiversity attract more visitors
(Siikam€aki et al. 2015). Fuller et al. (2007)
found that perceived plant richness—closely
matching actual species richness—was
positively associated with well-being.

In other cases, perceptions of biodiversity
influence responses more than biodiversity it-
self. Cameron et al. (2020) found that per-
ceived avian richness, even when inaccurate,
correlated more strongly with well-being than
actual diversity. Similarly, Dallimer et al.
(2012) showed that well-being was tied to
subjective impressions of biodiversity, even
when people failed to accurately identify
more biodiverse environments.

On the other hand, some studies report no
strong preference for biodiverse landscapes.
Qiu et al. (2013) found that although people
could distinguish between low- and high-
biodiversity park areas, they preferred more
open and less complex vegetation. Mart�ın-
L�opez et al. (2007) reported that people often
valued charismatic fauna or large trees but
had neutral or negative responses to inverte-
brates and microorganisms—and were gener-
ally unwilling to pay to protect them.

In addition to attraction to biodiversity, it
is important to consider the opposite ten-
dency: biophobia, or aversion to certain life
forms. Although biophilia is often explored
in relation to mental health and positive af-
fect, biophobia—though common—is rarely
discussed in this context. Specific phobias of
animals (especially snakes, spiders, and in-
sects) are among the most prevalent, affecting
up to 10% of Americans (Stinson et al.
2007). Many people also experience fear of
certain animals (e.g., snakes or spiders) with-
out meeting the criteria for a specific phobia.
These fears tend to emerge early in life and
often persist, impacting both behavior and
well-being (Ollendick et al. 2002).

The relationship between biophilia and bio-
phobia has not been directly tested. However,
if biophilia is conceptualized as a temperament
trait—something that varies between individu-
als and emerges early—then an inverse rela-
tionship with biophobia would be predicted.
Individuals with strong aversions to biodiver-
sity may show low levels of biophilia, whereas
those drawn to complex biological environ-
ments may exhibit low biophobia.

Over the past 2 decades, a variety of sur-
vey instruments have been developed to as-
sess people’s connection to the natural world,
including some that touch on biodiversity.
Tools such as the Nature Relatedness Scale
(Nisbet et al. 2009) and the Wildlife Values
Orientation Survey (Manfredo et al. 2018)

demonstrate strong internal reliability and are
positively associated with proenvironmental
behaviors (Schultz 2001). These scales often
include items referencing wilderness or natu-
ral areas, which are generally more biodi-
verse, but they do not explicitly measure
attraction to biodiversity nor do they frame
this attraction as a temperament trait. To eval-
uate biophilia as a temperament trait, the first
requirement is evidence of individual vari-
ability. Specifically, biophilia scores should
approximate a normal distribution, without
ceiling or floor effects or pronounced skew
(Haslam 2020).

Backyard biophilia. As the global popula-
tion shifts rapidly from rural to urban envi-
ronments, the most immediate and accessible
form of biodiversity for many people is found
in their own backyards (Cox et al. 2017).
Urban and suburban gardens play a critical
role in local biodiversity conservation, as
emphasized by researchers advocating for
more ecologically beneficial landscaping
practices (Beumer and Martens 2015; Tall-
amy 2020). Due to their heterogeneity and
fragmentation, estimating the cumulative size
of domestic gardens is challenging. Yet in the
United Kingdom, gardens make up nearly 50%
of urban green space (Evans et al. 2009), and
in the United States, a recent estimate iden-
tified more than 130 million gardens—
covering more than 30% of the total land
area, nearly three times the land protected
in designated conservation areas (Lerman
et al. 2023).

These gardens provide important ecosys-
tem services: they can serve as wildlife corri-
dors, improve water filtration, reduce urban
heat, and support a surprising amount of bio-
diversity. Native and even endangered spe-
cies may find refuge in domestic gardens
(Akinnifesi et al. 2010; Soanes and Lentini
2019). For example, Eumaeus butterflies, once
thought extinct in the United States, were
found thriving in more than 300 backyard
colonies in Florida thanks to ornamental
cycads—their host plant—being cultivated
in home landscapes (Ramirez-Restrepo et al.
2016). However, traditional landscaping pref-
erences in the United States, with their focus
on turfgrass and exotic species, can also in-
crease the number of herbicides and pesticides
in local waterways, introduce invasive species,
and drain council water supplies amid higher
temperatures and increasing drought (Wang
XianZhong and Clark 2017).

In the existing literature, there is no
scale that specifically measures individual
variability in attraction to biodiversity within
the domestic garden—an essential context
for testing biophilia as a temperament trait.
This gap is particularly relevant for the Bio-
philia Reactivity Hypothesis, which predicts
meaningful variation in people’s attraction to
biodiversity, including in their own back-
yards. Some research hints at individual vari-
ability: for example, Kurz and Baudains
(2012) found that although general preferen-
ces for high- and low-habitat gardens were
mixed, members of native plant societies
preferred more biodiverse gardens. Children,

by contrast, have shown preferences for
more traditional yards over wilder, biodi-
verse alternatives (Hand et al. 2017). Other
studies suggest that neighborhood norms
shape landscaping choices, with residents
often assuming that turfgrass is the favored
standard—even when personal preferences
differ (Peterson et al. 2012). Still, none of
these studies developed a scale to system-
atically measure these preferences. Lerman
et al. (2023) found that the “luxury effect”
extended to domestic gardens, with wealth-
ier neighborhoods supporting greater bio-
diversity, but no study has yet explored
how individual attraction to backyard bio-
diversity relates to socioeconomic status.

To address this gap, we developed the BB
scale—a new instrument designed to measure
individual attraction to biodiversity in the
home garden. If biophilia is a temperament
trait, we would expect BB scores to show in-
dividual variability, approximating a normal
distribution without ceiling or floor effects or
significant skew.

This study had three core objectives. First,
we validated the BB scale as a measure of indi-
vidual attraction to biodiversity in domestic
gardens. Second, we examined whether demo-
graphic variables—including income—predict
variation in BB. Third, we tested the criterion
validity of the scale by examining whether BB
scores are inversely related to biophobia and
positively associated with proenvironmental
behavior. Together, these objectives aim to
clarify who expresses high biophilic reactiv-
ity in urban and suburban contexts, and whether
this trait predicts meaningful environmental
engagement.

As biodiversity is increasingly threatened
by urbanization, and calls for biodiversity
conservation intensify, it is critical to under-
stand what biophilia is, how it relates to bio-
diversity, and who might be most likely to
embrace biodiversity in the home garden and
act as agents for cultural change.

Methods

Participants. All procedures and materials
were approved by the North Carolina State
University Institutional Review Board (IRB)
(Protocol #26247). In Dec 2023, a representa-
tive convenience sample of 2169 US adults
(aged 18 and older) was recruited through
Prolific. Participants who did not complete
the BB survey (n5 136) or who were younger
than 18 (n 5 2) were excluded from analysis.
The final sample included 2031 participants
(Table 1). A priori power analysis confirmed
that this sample size exceeded the minimum
required to detect a medium effect size with
adequate statistical power (Faul et al. 2007).
All analyses were conducted using SPSS (ver-
sion 29.0.0).

Phase 1. Developing the BB scale. During
this phase, the research team conducted inter-
views with seven experts in landscape design,
psychology, evolutionary anthropology, and
survey methodology. Each hour-long inter-
view focused on identifying existing items
that might tap into attraction to biodiversity
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and generating new items suited to measuring
this construct. Based on these conversations,
28 candidate items were developed. Of these,
six were selected for piloting.

The initial items focused on preferences
for gardens that support biodiversity, such as
wild, messy gardens rich in plant and animal
life, contrasted with traditional landscaping
that favors turfgrass and ornamental simplic-
ity. One item assessed enjoyment of natural
sounds, such as birds and insects, and two
items contrasted preferences for natural spaces
vs. indoor environments. Each item was rated
on a six-point Likert scale (1 5 strongly dis-
agree, 6 5 strongly agree), which excluded a
neutral midpoint to reduce ambivalence in
responses.

All items were reviewed by three expert
consultants for clarity and relevance. During
preliminary review, one item was identified
as double-barreled and was split into two sep-
arate questions. Another item comparing nat-
ural and indoor spaces was removed after
analysis showed it did not correlate well with
the remaining items. In follow-up discus-
sions, experts raised the concern that stated
preferences for biodiverse gardens may not
reflect lived experience—especially for par-
ticipants with limited access to private green
space. To address this, each preference item
was paired with a behavioral follow-up. For
example, the item “I like gardens that attract
all kinds of wildlife” was paired with “My
garden attracts all kinds of wildlife.” This re-
sulted in a final scale of 10 items, combining
preferences with self-reported experiences.

To assess distributional characteristics, the
Kolmogorov-Smirnov test was used, as recom-
mended for large samples (Mishra et al. 2019),
and histograms, skewness, and kurtosis were
examined. An exploratory factor analysis (EFA)
was conducted using maximum likelihood ex-
traction and Direct Oblimin rotation, based on
the assumption that underlying factors may be
correlated. Factors were retained based on ei-
genvalues $ 1 and scree plot interpretation.
Communalities and pattern matrices were
reviewed to interpret the factor structure
and the full 10-item BB scale is provided in
Supplemental A.

Phase 2. Demographic correlates of BB.
In Phase 2, we examined the relationship be-
tween BB scores and various demographic
variables to determine if certain demographic
groups are more attracted to biodiversity.
Pearson’s correlation coefficients were calcu-
lated to assess the strength and direction of
associations between BB scores and continu-
ous demographic variables (e.g., age, in-
come). For categorical variables (e.g., gender,
race), independent samples t tests or one-way
analyses of variance were conducted to com-
pare mean BB scores across groups. Effect
sizes are reported to interpret the magnitude
of differences. A multiple linear regression
model was developed to examine the com-
bined influence of demographic predictors
(age, gender, race, education, and income) on
BB scores. This analysis helps determine the
unique contribution of each demographic var-
iable while controlling for the others. In cases
of multiple comparisons, appropriate correc-
tions were applied.

Phase 3: Criterion validity—relationships
with biophobia and environmental behavior.
In the final phase, we tested whether BB
scores predicted meaningful outcomes by ex-
amining their relationships with both biopho-
bia and self-reported environmental behavior.
These analyses aimed to assess the criterion
validity of the BB scale.

Biophobia was measured using four rele-
vant items from the Chapman Survey of
American Fears, assessing fear of insects, an-
imals, reptiles, and sharks. One item included
both dogs and rats [“How afraid are you of
animals (dogs, rats, etc.)?”]; although these
animals differ in affective valence for many
Americans, we retained the item for consis-
tency with the original scale. Responses were
recorded on a four-point Likert scale and
reverse-coded so that higher scores reflected
less fear (1 5 Very afraid, 4 5 Not at all
afraid). As a result, lower biophobia scores rep-
resent greater fear or aversion to animals. We
predicted a positive correlation between BB
and biophobia—individuals more attracted to
biodiversity should report less fear of animals.
Pearson correlations were used to test this pre-
diction, and a multiple linear regression model
was conducted to examine whether biophobia
independently predicted BB scores while con-
trolling for demographic variables.

Environmental behavior was assessed using
a subset of seven items from the General Eco-
logical Behavior (GEB) Scale (Kaiser 1998),
one of the most frequently used and validated
scales to measure proenvironmental behavior
across various domains. This subset included
four items reflecting general ecological actions
(e.g., recycling, energy conservation), two
items on environmental organization involve-
ment, and one item reflecting biophobia-related
behavior (“If there are insects in my home, I
kill them with a chemical insecticide,” reverse-
coded). Items were binary (yes/no), and most
reflected moderate to high-effort behaviors,
with one (“I collect and recycle used paper”)
categorized as low-effort.

A random subsample (n5 1152) received
these GEB items. We hypothesized that higher
BB scores would positively correlate with pro-
environmental behavior. Both correlation and
regression analyses were conducted to evaluate
the predictive relationship between BB and be-
havioral outcomes.

Together, these analyses provide initial
evidence that BB scores are associated not
only with emotional dispositions toward bio-
diversity (biophobia) but also with concrete
environmental behaviors—supporting the BB
scale’s theoretical and applied relevance.

Results

We organized the results into three phases,
aligned with the study’s primary objectives. In
Phase 1, we evaluated the psychometric prop-
erties of the newly developed BB scale. We
assessed its factor structure using EFA. In
Phase 2, we tested whether BB scores were as-
sociated with demographic variables such as
income, race, gender, and education. In Phase
3, we examined the criterion validity of BB by

Table 1. Demographic characteristics of study participants compared with US Census data.

Convenience sample n 5 2031
US Census

Demographic categories Frequency % %
Gender

Male 979 48 49
Female 1012 50 51

Age, yr
18–24 209 10 7
25–34 418 21 14
35–44 348 17 13
45–54 358 18 12
55–64 413 20 13
651 283 14 17

Ethnicity
White/Caucasian 1625 80 76
Black/African American 252 12 14
Asian 121 6 6
Other/mixed 62 3 4

Highest level of education
High school or less 270 14 37
Some college but no degree 398 20 15
Associate’s or technical degree 234 12 10
Bachelor’s degree 788 39 23
Graduate degree 336 17 14

Household income
Less than $25,000 246 12 16
$25,000–$49,999 496 24 18
$50,000–$74,999 408 20 16
$75,000–$99,000 332 16 13
$100,000–$149,999 335 16 17
$150,000 or more 183 9 20

Sample size for the Backyard Biophilia survey was n 5 2031. US Census estimates are based on na-
tional data (US Census Bureau 2020). Percentages may not total 100 due to rounding. Education per-
centages refer to adults aged 25 and older. Income reflects annual household income.
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testing its associations with biophobia and pro-
environmental behavior.

Phase 1. Backyard biophilia. To examine
the underlying structure of the BB scale, we
conducted an EFA using principal component
extraction. Table 2 presents the communali-
ties for each of the 10 items, indicating the
proportion of variance each item shares with
the extracted factors. All items showed mod-
erate to strong communalities, supporting
their inclusion in the scale.

EFA revealed a clear two-factor solution
accounting for 58% of total variance. Factor 1,
Gardening for Wildlife, included six items re-
flecting attraction to biodiverse, natural garden
features (e.g., “I like gardens that attract all
kinds of wildlife”). Factor 2, Lawn and Order,
included four reverse-coded items reflecting
preference for manicured, ornamental spaces
(e.g., “I like well-manicured lawns”). The
eigenvalues for the two factors were 3.71 and
2.07, accounting for 37% and 21% of variance,
respectively. The full 10-item BB scale showed
strong internal consistency (Cronbach’s a 5
0.80).

Distribution of BB. Because the BB scale
demonstrated good internal consistency and a
coherent factor structure, the next step was to
assess the distribution of BB scores in the
convenience sample (n 5 2031). The mean
score was 3.7 (SD 5 0.02), with a 25th per-
centile of 3.1 and a 75th percentile of 4.2.
The distribution showed slight right skewness
(0.36) and a kurtosis of –0.07, indicating only
minor deviation from normality and slightly
lighter tails. Although the Kolmogorov-Smir-
nov test was significant (0.06, P < 0.001), re-
jecting the null hypothesis of normality, such
results are common in large samples (Altman
and Bland 1995). Visual inspection via histo-
gram confirmed a distribution that approxi-
mates normality (Fig. 1).

Phase 2. Demographic data. Demographic
categories of education, income, gender, and
race were used in a multiple linear regression
predicting BB. Categorical variables (sample
type, gender, and race) were dummy coded.
The overall model was significant, F(7, 2025)5
22.70, P < 0.001, explaining 7% of the vari-
ance in BB (R2 5 0.073, Adjusted R2 5
0.070).

Among individual predictors, income was
significantly associated with BB (B5 �0.065,
SE5 0.013, b 5 �0.121, P< 0.001), indicat-
ing that individuals with higher income

reported lower BB scores. The effect was small
(sr5 �0.11) but consistent, with BB decreasing
as income increased. This reflects a modest in-
verse linear relationship between socioeconomic
status and BB, with income uniquely explaining
�1.2% of the variance. Post hoc comparisons
using Bonferroni correction showed that individ-
uals in the lowest income group (<$25K) had
significantly higher BB scores (M 5 3.84,
SD 5 0.88) than those in the highest income
group (>$150K, M 5 3.42, SD 5 0.81),
P < 0.001. These results suggest a small but
significant inverse relationship between in-
come and mean BB score.

Race was also a significant predictor of
BB. Black participants scored significantly
lower than White participants (B 5 �0.55,
SE 5 0.06, b 5 �0.22, P < 0.001), and
Asian participants also scored lower than
White participants (B 5 �0.30, SE 5 0.08,
b 5 �0.08, P < 0.001). Participants identi-
fying as Other/Mixed did not significantly
differ from White participants (B 5 0.09,
SE 5 0.09, b 5 0.02, P 5 0.341). Because
the survey followed US census conventions,
Hispanic/Latino identity was not separately
coded, and prior research suggests most
Hispanic respondents select either “Other” or
“White” as their racial identification (Dowling
2004). Given this ambiguity and the lack of a
significant effect for the Other/Mixed cate-
gory, further research is needed to clarify the
role of Hispanic identity in BB outcomes.

Gender was a significant predictor, with
female participants scoring higher than male
participants and non-binary participants
combined (B 5 0.126, SE 5 0.037, b 5
0.074, P < 0.001), although the unique var-
iance explained was small (sr 5 0.07).

Education and age were not significant pre-
dictors of BB, and their contributions to the
overall model were negligible. Full results are
presented in Supplemental Tables 1 and 2.

Phase 3. Criterion validity: Relationships
with biophobia and environmental behavior
To assess the criterion validity of the BB
scale, we examined its associations with both
biophobia and self-reported environmental
behavior.

A Pearson correlation revealed a signifi-
cant negative association between BB and
biophobia (r 5 –0.278, P < 0.001), indicat-
ing that individuals who reported greater fear
of animals were less likely to report an attrac-
tion to biodiversity. A linear regression

analysis further confirmed this relationship:
the model was significant, F(1, 2425) 5
203.43, P < 0.001, explaining 7.7% of the
variance in BB scores (R2 5 0.077, Adjusted
R2 5 0.077).

BB was also significantly positively corre-
lated with environmental behavior (r 5 0.320,
P < 0.001), suggesting that individuals who en-
gaged in more proenvironmental actions tended
to express a stronger attraction to biodiversity.
To explore this relationship in greater detail, we
conducted Pearson correlations between BB
and each of the seven individual environmental
behavior items. Logistic regression analyses
confirmed that BB significantly predicted sev-
eral of these behaviors, particularly those in-
volving consumer choices. The strongest effects
were found for pesticide avoidance and plastic
reduction, whereas behaviors like organizational
membership showed weaker or nonsignificant
effects (Table 3).

Across all phases, results support the psy-
chometric strength and conceptual utility of
the BB scale. In Phase 1, the BB scale dem-
onstrated a reliable two-factor structure and a
distribution consistent with the expectations
for a temperament trait. In Phase 2, BB was
significantly predicted by income, race, and
gender, with lower-income and female partic-
ipants reporting greater attraction to biodiver-
sity. In Phase 3, BB showed theoretically
consistent relationships with both biophobia
and environmental behavior, offering initial
evidence of criterion validity. These results
support the use of BB as a tool for under-
standing individual variability in biodiversity
preference, particularly within urban and resi-
dential contexts.

Discussion

This study aimed to develop and validate
the BB scale, a tool designed to measure indi-
vidual attraction to biodiversity in the home
garden. In doing so, we tested the Biophilia
Reactivity Hypothesis, which proposes that
biophilia is not a human universal, but a tem-
perament trait—a stable, individual differ-
ence in responsiveness to nature, particularly
biodiversity. We assessed the scale’s struc-
ture, demographic predictors, its relationship
to biophobia (an aversion to biodiversity),
and its capacity to predict real-world environ-
mental behavior.

Results from EFA revealed a two-factor
structure. The first factor, Gardening for
Wildlife, reflects a preference for messy, bio-
diverse gardens that support a wide range of
living organisms. The second, Lawn and Or-
der, captures an affinity for simplified, mani-
cured landscapes often seen in conventional
urban or suburban yards. Importantly, com-
munalities for all 10 items were moderate to
high (ranging from 0.52 to 0.64), demonstrat-
ing that the scale captures meaningful vari-
ance in people’s preferences for backyard
biodiversity (Table 4).

This variability fulfills the first criterion of a
temperament trait: individual variability. Across
a large sample (n 5 2031), BB scores ranged
widely, indicating that biophilia is not uniformly

Table 2. Communalities from exploratory factor analysis of the Backyard Biophilia scale (n 5 2031).
Extraction method: principal component analysis.

Item no. Items
Comm for CS
n 5 2031

1 I like wild, messy gardens full of different plants. .64
2 I like gardens that attract all kinds of wildlife. .62
3 I have a wild, messy garden full of different plants. .54
4 My garden attracts all kinds of wildlife. .56
5 I like simple, uncluttered gardens, with a few well-placed trees and bushes. .56
6 I have a simple, uncluttered garden, with a few well-placed trees and bushes. .54
7 I like well-manicured lawns. .64
8 I have a well-manicured lawn. .59
9 I gravitate toward natural spaces. .57
10 I like listening to natural sounds, like birds and insects. .52
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distributed. Some individuals showed strong
affinity for biodiverse environments and others
preferred highly structured, low-diversity
spaces. This heterogeneity directly supports
the Biophilia Reactivity Hypothesis and chal-
lenges universalist assumptions about human–
nature relationships.

Income was the strongest demographic
predictor of BB. In the representative conve-
nience sample, BB increased as income level
decreased. People with an annual household
income of less than $25,000 had the highest
BB mean, suggesting that those with the low-
est income are most attracted to biodiversity
in and around where they live (Fig. 2).

Access to natural spaces has been sug-
gested as an important remedy for urban dis-
tress (Asamoah 2021), urban areas characterized
by high poverty, crumbling infrastructure, and a
lack of public amenities (Dasgupta et al. 2022).
Urban areas with more greenspaces may have
fewer health inequities (Schinasi et al. 2023)
and greenness is weakly associated with chil-
dren rising out of poverty (Browning and
Rigolon 2019). However, there has been little
research on the effects of biodiversity on
those in poverty in the United States and
other developed nations (Dean et al. 2011),
and the mechanism by which increased ac-
cess to biodiversity may improve the mental
and physical health of those in poverty. Our

results support the idea that those in the low-
est socioeconomic status are more attracted
to biodiversity in and around the home gar-
den. These results are notable because they
distinguish between general greenspace and
green cover in the home garden and as items
specifically to the type of environment that
hosts biodiversity.

Conversely, individuals in the highest in-
come brackets exhibited the lowest BB scores,
despite the well-documented “luxury effect” in
which biodiversity tends to be higher in
wealthier neighborhoods (Hope et al. 2003;
Leong et al. 2018). This suggests that actual
exposure to biodiversity and preference for it
do not necessarily align—a key insight for de-
signing conservation interventions that rely on
public support.

Our findings on race also align with previ-
ous research by Peterson et al. (2012), which
found that Black Americans tend to prefer
traditional turfgrass landscaping over more
biodiverse or native plant gardens. In our sam-
ple, Black participants scored significantly
lower on the BB scale than White partici-
pants, suggesting a lower preference for
backyard biodiversity. These results support
the notion that landscaping preferences are
shaped by cultural norms and historical neigh-
borhood expectations, particularly among
marginalized groups. However, caution is

warranted in interpreting these findings:
our survey followed US census conventions
and did not distinguish Hispanic/Latino ethnic-
ity independently from racial categories. Prior
research suggests that Hispanic individuals are
likely underrepresented or misclassified in ra-
cial data (Dowling 2004), limiting our ability
to assess variation within this population.
Future studies should explicitly examine
Hispanic/Latino identity and other intersec-
tional factors to fully understand how cul-
tural context shapes biophilic preferences.

The scale also performed well on predic-
tive and convergent validity tests. As hypoth-
esized, BB was negatively associated with
biophobia, including fear of snakes and sting-
ing insects—common backyard animals that
often elicit strong reactions. This supports the
idea that biophobia may act as a psychologi-
cal barrier to ecological engagement, and that
those with higher BB scores are more com-
fortable coexisting with everyday wildlife.

In addition, BB scores were positively corre-
lated with proenvironmental behaviors, especially
those directly related to household and garden
management, such as pesticide avoidance, energy
conservation, and sustainable shopping. These re-
lationships underscore the relevance of biophilic
preferences not just as abstract attitudes but as
meaningful predictors of environmental action.

Fig. 1. Histogram of Backyard Biophilia (BB) scale scores. Displayed is the frequency distribution of BB mean scores in the convenience sample (n 5 2031),
demonstrating a near-normal distribution with slight right skew.
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However, several limitations should be ac-
knowledged. First, all environmental behavior
measures were self-reported, which may be sub-
ject to social desirability bias or inaccuracies in
recall. Participants might overreport environ-
mentally friendly behaviors or underreport ac-
tions that conflict with proenvironmental norms.
Second, although BB was associated with sev-
eral proenvironmental behaviors, the effect sizes
were generally modest, and some behaviors—
such as organizational membership—were not
significantly predicted. This suggests that bio-
philia may be more strongly tied to everyday
consumer choices than to civic engagement or
institutional activism. Third, the cross-sectional
design limits causal inference. Although BB
scores were correlated with behavior and bio-
phobia, we cannot determine the directionality

or underlying mechanisms of these associations.
Finally, our sample, although demographically
diverse, was drawn from a convenience pool
and may not fully represent the broader US
population. Future studies using longitudinal
or experimental designs, along with behavioral
observation, would provide stronger tests of the
BB scale’s predictive power.

Together, these findings offer compelling
support for the Biophilia Reactivity Hypothesis
by demonstrating that attraction to biodiversity
varies meaningfully across individuals and pre-
dicts real-world attitudes and behaviors. The BB
scale captured consistent individual differences
aligned with demographic patterns, emotional
dispositions (biophobia), and environmentally rel-
evant behaviors. The scale’s two-factor structure
reflects both aesthetic and ecological orientations

toward domestic landscapes, highlighting how
preferences for biodiversity are embedded in ev-
eryday choices about how people engage with
their surroundings.

This has broader implications for biodiver-
sity conservation in general. Most conservation
efforts emphasize protecting wilderness areas,
but urban gardens, which collectively represent
vast green infrastructure, are critical for sup-
porting biodiversity (Lerman et al. 2023).
Some have argued that a lack of action to-
ward biodiversity conservation, both at a local
and global level, may be due to inadequate ed-
ucation, or the disconnect between people and
nature

However, some people may be more at-
tracted to a biodiverse world than others.
Rather than trying to convince everyone to

Fig. 2. Linear regression of household income and Backyard Biophilia (BB) scores in the convenience sample. Error bars represent 95% confidence intervals
for mean BB scores. The trend suggests a negative association between income and BB, in which lower-income participants report higher levels of BB
compared with higher-income participants (n 5 2000).

Table 3. Regression analyses predicting environmental behaviors from Backyard Biophilia.

Environmental behavior B SE b t P Exp(B) R2 Difficult
Avoiding insecticides 0.35 0.05 0.2 7.1 <0.001 1.42 0.04 Normal
Buying loose produce 0.28 0.05 0.17 5.45 <0.001 1.32 0.03 High
Wearing a sweater to conserve heat 0.23 0.05 0.14 4.87 <0.001 1.26 0.02 Normal
Buying milk in returnable bottles �0.16 0.08 �0.05 �1.88 0.060 0.86 0.0 High
Membership to environmental organizations 0.03 0.08 0.01 0.43 0.667 1.03 0.0 High
Recycling paper 0.08 0.05 0.05 1.58 0.115 1.08 0.0 Easy
Donate to environmental organizations 0.12 0.05 0.07 2.24 0.026 1.12 0.0 Normal

N 5 1152. B 5 unstandardized coefficient; SE 5 standard error; b 5 standardized coefficient; Exp(B) 5 odds ratio from logistic regression; R2

(Nagelkerke) represents the variance explained in each logistic model. Difficulty categories are based on behavioral ease: Easy, Normal, High
(Kaiser 1998).
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make the major changes that scientists agree
biodiversity conservation requires, more tar-
geted messaging toward those who are more
likely to become early adopters might cata-
lyze cultural change.

Limitations and Future Directions

Although this study offers initial support
for the Biophilia Reactivity Hypothesis, several
limitations and future research directions
should be noted. First, the data were col-
lected from a US-based adult sample, re-
flecting a broader trend in environmental
psychology in which studies are concen-
trated in high-income, developed nations.
Cross-cultural research is urgently needed
to determine whether biophilic reactivity
manifests similarly across different ecolog-
ical, economic, and sociocultural contexts.

Second, if biophilia is a temperament trait,
it should emerge early in life and show relative
stability. Future research should test children to
determine whether individual differences in at-
traction to biodiversity are observable in early
developmental stages.

Third, although the sample was demographi-
cally diverse, Hispanic and Latino identity was
not separately analyzed because of the structure
of census-based racial categories. Future studies
should explicitly include and disaggregate these
populations to better understand how biophilic
preferences vary across cultural and ethnic lines.

Finally, although the BB scale captures at-
traction to biodiversity in domestic gardens,
this represents only one context of biophilic
expression. Future iterations should broaden
the scale’s scope to include additional do-
mains, such as tolerance for wildlife in and
around the home, willingness to travel to bio-
diverse environments (biophilic tourism), and
other forms of biodiversity engagement. Ex-
isting validated instruments, such as the Na-
ture Relatedness Scale, could be integrated to
enrich measurement and assess overlapping
or complementary dimensions of biodiversity
attraction.

By addressing these limitations, future re-
search can deepen our understanding of bio-
philia as a temperament trait and its role in

conservation behavior across life stages, cul-
tures, and environmental contexts.

Conclusion

Forty years after E.O. Wilson (1984) in-
troduced the biophilia hypothesis, there re-
mains limited empirical evidence to validate
its predictions. The Biophilia Reactivity Hy-
pothesis, which frames biophilia as a temper-
ament trait rather than a universal affinity for
nature, provides a testable and measurable
framework for understanding individual vari-
ability in biodiversity attraction. The BB
scale represents a critical step in this direc-
tion, offering a novel tool for assessing biodi-
versity preferences in urban and residential
settings. Key findings from this study high-
light that biophilia is not evenly distributed
across populations, with lower-income individ-
uals exhibiting a greater attraction to biodiver-
sity. It could be that biodiversity is most
important to those experiencing urban dis-
tress, and increasing biodiversity in these
areas could be a simple initiative to amelio-
rate both environmental and psychological
stress in those who need it most.
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