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Abstract: Affinity towards diversity (ATD) is the tendency to appreciate the dynamic variety of
biophysical and socio-cultural scenarios. ATD may reveal a human predisposition to conserve the
diversity necessary to guarantee the preservation of human and natural ecosystems. This study
expands upon previous studies which employed only self-report measures by introducing a version
of the Implicit Association Test (IAT) and by using a mediational model to test whether ATD through
sustainable (pro-environmental and pro-social) behaviors leads to greater wellbeing. We recruited
119 Mexican students to complete a computerized IAT task and respond to ATD, wellbeing, and
sustainable behavior self-report questionnaires. Reliability analyses of the scales utilized showed
acceptable indexes. A mediational model was tested to examine whether sustainable behaviors
mediate the relationship between ATD and wellbeing. Results demonstrated that affinity towards
diversity indirectly predicted wellbeing via the mediating effects of pro-environmental behaviors
and altruism. Despite finding an association between self-reported affinity towards biodiversity and
IAT reaction times, an association was not found with D scores, highlighting the need for further
research. These findings suggest that those with increased inclination towards diversity are more
prone to engage in environmentally (both physical and social) protective behaviors and to experience
psychological wellbeing.
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1. Introduction

The survival of humans and other species depends upon the homeostatic functioning of ecosystems,
which allows for maintained access to drinkable water, breathable air, and productive soils. Ecosystems
depend on an intricate balance of inorganic substrates and a huge diversity of plants and animals [1–3].
One of the challenges of environmental conservation in urban growth, agriculture, and industrialization
is that native species are replaced by non-native species, disrupting the balance in natural ecosystems [4].
This replacement sometimes leads to the homogenization of biological beings, which threatens local
ecosystems by reducing biological uniqueness [5]. The loss in biodiversity has been recognized as one of
the most dangerous threats to the biosphere [6]. Similarly, socio-cultural diversity has been threatened
by economic globalization and increased urbanization [7]. The extinction of spoken languages and
vernacular traditions has become as common as the extinction of species in ecosystems [8,9].

A major concern associated with the loss of biological and social diversity is that it may
lead to decreased human wellbeing, and that the reduction will likely disproportionately impact
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disadvantaged populations [2]. Decreased natural diversity may also impact reliable access to food,
clean water, and raw materials. Conversely, it has been demonstrated that increased exposure to natural
environments and contact with greater levels of biodiversity lead to higher levels of physical and
psychological wellbeing [10,11]. Moreover, several studies suggest that social and cultural diversity
promotes creativity and innovation, economic development, livability, competitiveness, resilience, and
tolerance [12–14]. The practice of sustainable behaviors (i.e., actions aimed at protecting natural and
social resources) also results in higher levels of psychological wellbeing [15].

A traditional perspective on the relationship between humans and the natural world views the
latter as an inexhaustible and infinite resource that exists solely to satisfy the needs of the former [16].
However, Schultz et al. [17] argued that in order to achieve a sustainable environment it is necessary
to establish a balance between resource consumption and the capacity of the natural environment to
renew those resources. Recently, this ecological perspective has been developed further to encompass a
vision of nature and natural diversity as a “positive environment” on equal footing with the satisfaction
of human needs [18]. The model proposes that a positive environment is a context that promotes
individual and collective benefits while simultaneously influencing human predispositions to conserve
the socio-physical structures for the subsistence of life. The presence of diversity in the environment
may be one of these influences.

Evidence suggests environmental conservation and the continued sustenance of a positive
environment requires changes in human behavior [19,20]. Sustainable behaviors have been examined
through macro-scale theories (e.g., sociopolitical influences) as well as psychological ones (e.g., the
theory of planned behavior) to better inform programs aimed at environmental conservation and
the protection of ecosystem diversity [21]. Furthermore, studies show that pro-ecological attitudes,
knowledge about the environment, values, personal norms, ecological beliefs, and conservationist
motives are linked to increased sustainable behaviors [21,22].

2. Affinity towards Diversity

Diversity plays a paramount role in the conservation of ecosystem integrity. Recent studies
have focused on the influence of affinity towards diversity (ATD) on sustainable behaviors. ATD is
defined “as a tendency to prefer diversity and variations in bio-physical and socio-cultural living
scenarios” [23]. ATD can be conceptualized as a predisposition to appreciate the dynamic variety
of interactions between humans and nature [24]. Empirical evidence has demonstrated that ATD is
distinct from acceptance or tolerance for difference or diversity [23] and is likely an evolved mental
trait that allows humans certain advantages in perceiving environmental opportunities [25]. As a
collateral effect, this psychological tendency seemingly influences individual orientation towards
environmental conservation [24]. ATD thus reflects a stable preference for natural and social diversity
that humans encounter in their everyday environments. This preference includes affinity for physical
(landscape, weather), biological (plants, animals), and social (ideological, ethnic, religions, hobbies,
interests) diversity [23,24,26].

A recent study examined the perception of biodiversity as a positive attribute in green urban
spaces in two samples of participants (community members and expert ecologists). The results showed
that both groups were able to correctly identify differences in biodiversity. The community sample
demonstrated preference for natural environments but preferred half-open parks to areas of more
complex vegetation. Ecological experts rated biodiverse sites as more positive, suggesting that such
environmental knowledge has the potential to increase preference for biodiversity [27]. This could
potentially provide an interesting avenue for intervention.

ATD has demonstrated positive association with self-reports of sustainable behaviors, indicating
that greater preference for bio- and socio-diversity is associated with an increased commitment to
engage in environmentally protective behaviors [23,24]. Sustainable behaviors constitute a set of
actions aimed at protecting the socio-physical environment and include pro-ecological behaviors
(actions aimed at conserving the natural environment), frugal behaviors (voluntary reduction of
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resource consumption), altruistic behaviors (actions aimed at supporting others in need), and equitable
behaviors (fair treatment of others) [28].

ATD, in conjunction with other psychological factors, forms the basis for a pro-sustainability
orientation, which in turn predicts sustainable behaviors [29]. Moreover, sustainable behaviors are
reinforced by intrinsic rewards such as satisfaction, feelings of happiness, and wellbeing resulting from
practicing such actions [15,30–32].

Previous ATD studies have depended solely on self-reported measurements. However, the low
convergence between self-reported and objective behavior is a common criticism in the environmental
psychology discourse [22]. Social desirability and other biases may encourage participants to
over-represent their preference for bio- and socio-diversity based, in part, on the cultural acceptance of
such diversity (or at least some of its components). This may lead to an overestimation of the actual
degree of ATD. One account of the lack of congruence between self-report and objective behavior in
the context of sustainable behaviors is dual-processing metatheory. This theory hypothesizes that
two divergent social cognitions co-occur: the first comprises explicit conscious attitudes, which are
reflected in the person’s self-reports, and second are implicit attitudes that unconsciously influence
behavior [33]. As such, the incorporation of the Implicit Association Test (IAT) may represent a more
comprehensive measurement of affinity toward diversity.

The IAT provides a suitable methodological framework to study ATD since it can reduce deliberate
“masking” predispositions and therefore reveal attitudes that participants may attempt to obfuscate.
The IAT is one of the most commonly used tools in the study of implicit attitudes [34], and has been used
in several investigations within pro-environmental psychology [35–37]. For instance, a recent study
found positive relationships between implicit attitudes and recycling behavior. Beattie and McGuire
found that implicit attitudes toward the environment were associated with unconscious patterns of eye
movements in carbon-footprint-related images [38,39]. However, some more recent publications have
found small-to-moderate or more nuanced relationships. For instance, Steiner and colleagues found
low congruence between explicit and implicit sustainability orientations [40]. Moreover, although the
literature is growing, the field of assessing affinity towards diversity or connectedness to nature is
nascent, and factors that may affect behavioral outcomes (e.g., socioeconomic background or cultural
differences) are still under investigation.

Given this previous research, the primary objective of this study was to investigate affinity
towards diversity using two distinct methods: self-report and IAT. We hypothesized that due to the
heterogeneity of the methods used there would be little—if any—convergence between self-report and
IAT. We further examined the association between ATD and sustainable behaviors as well as the link
between these behaviors and wellbeing. We hypothesized that higher affinity towards diversity would
be associated with sustainable behaviors and that, in turn, these behaviors would predict wellbeing,
implying that ATD has an indirect influence on wellbeing through sustainable behaviors.

3. Method

3.1. Participants

We recruited 119 undergraduate students at a public university in northwestern Mexico for
this study (33.3% male, 64.2% female, 1.6% did not answer). Participants were 18 years or older
(M = 21.1 ± 2.4) from the Psychology and Nutrition departments. The average number of years of
education was 14 (14.36 ± 2.43). Most participants were single (95% single, 3.4% married, and 1.7%
living with a partner) and self-reported being part of the middle class (75.4%). All participants were of
Hispanic descent. Students were invited to participate in class with no exclusion criteria. No monetary
compensation was provided. A short debriefing presentation was conducted afterwards to outline the
objectives of the research project.
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3.2. Instruments

3.2.1. Sustainable Behaviors

Sustainable behavior was measured by two scales assessing pro-environmental and altruistic
behaviors [28]. Pro-environmental behavior was measured using sixteen 4-point (never to always)
Likert-type questions (α = 0.73). Participants were asked to report their frequency of engagement in
behaviors such as collecting and recycling used paper, buying products in refillable packages, and
buying seasonal products (fruits and vegetables). The altruism scale comprised ten 4-point (never to
always) Likert-type questions (α = 0.72). Participants were asked to answer how often they engaged in
behaviors such as giving away used clothes, donating blood, or helping elderly people cross the street.

3.2.2. Wellbeing

Psychological wellbeing was assessed using a previously validated scale based on Ryff’s wellbeing
instrument [41]. The scale included thirteen 5-point Likert-type agreement items (0 to 4) with statements
like “In general, I feel confident and positive with myself” (α = 0.85).

3.2.3. Affinity Towards Diversity

Self-Report

The ATD scale [23] is designed to measure fondness toward diversity of the bio-physical and
socio-cultural environments using a 14 question Likert-type scale (α = 0.70). Participants were asked
to agree with statements ranging from 0 to 3 (“Does not apply to me” to “Applies to me completely.”).
The scale was divided into two main subscales focusing on biological and social diversity. Each scale
consisted of seven items. Items for the biological diversity subscale included statements such as “I like
many species of animals, not only a few of them” whereas the items for the social diversity subscale
included statements such as “I enjoy being with people of every social class.”

Computerized Task

The Implicit Association Test (IAT) was administered to participants using E-prime (Psychology
Software Tools). Participants responded to IAT stimuli using a computer (keyboard, mouse, and
monitor). The test consisted of a total of 48 trials, of which 24 were congruent and 24 incongruent.
During each trial a fixation point appeared, followed by a prime, then a blank screen followed by a
target figure. The prime figures were drawings of diverse (numerous and varied plant types) and
non-diverse scenery, whereas the target figures were photographs of positive (e.g., traditionally cute)
or negative (e.g., traditionally scary or unpleasant) animals (see Figure 1). Given that the diversity
and non-diversity images were intended to assess preference for diversity, not complexity, in the
landscape, we decided to use drawings rather than photographs to reduce unwanted visual information.
Participants were instructed to press “A” or “L” on a keyboard in response to images, using their left
or right hand respectively. The congruent trials instructed participants to press the “A” key for positive
images and diverse scenery or the “L” key for negative images and non-diverse scenery (e.g., a single
plant). The incongruent trials asked participants to press the “A” key for non-diverse scenery and
positive images or the “L” key for diverse scenery and negative images. Shorter response times for the
compatible version were expected for subjects scoring high in affinity towards diversity.
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Figure 1. Depiction of a representative screenshot during the Implicit Association Test (IAT) task. 
Congruent trials instructed participants to press the “A” key for positive images and diverse scenarios 
or to press the “L” key for negative images and non-diverse scenarios. For incongruent trials, 
participants were instructed to press the “A” key to non-diverse scenarios and positive images or “L” 
key for diverse scenarios as well as negative images. The image shows a sample of an incongruent 
trial, where a non-diverse scenario was shown as a prime image after a fixation point. After a blank 
screen the target image was shown and participants were prompted to respond with a key press. 

4. Data Processing and Analysis 

4.1. Data Cleaning and Processing 

For the IAT, reaction times below 200 ms and above 10,000 ms were not included in the analyses. 
A D score was computed by subtracting the mean reaction time of the incongruent trials from those 
in the incongruent trials and dividing this by the standard deviation of all the trials.  

4.2. Data Analysis 
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Figure 1. Depiction of a representative screenshot during the Implicit Association Test (IAT) task.
Congruent trials instructed participants to press the “A” key for positive images and diverse scenarios or
to press the “L” key for negative images and non-diverse scenarios. For incongruent trials, participants
were instructed to press the “A” key to non-diverse scenarios and positive images or “L” key for
diverse scenarios as well as negative images. The image shows a sample of an incongruent trial, where
a non-diverse scenario was shown as a prime image after a fixation point. After a blank screen the
target image was shown and participants were prompted to respond with a key press.

4. Data Processing and Analysis

4.1. Data Cleaning and Processing

For the IAT, reaction times below 200 ms and above 10,000 ms were not included in the analyses.
A D score was computed by subtracting the mean reaction time of the incongruent trials from those in
the incongruent trials and dividing this by the standard deviation of all the trials.
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4.2. Data Analysis

Univariate statistics were computed, as well as t-tests comparing reaction times to diverse
and non-diverse stimuli in SPSS (version 21). Internal consistency and reliability analyses were
conducted for each of the scales. A regression-based moderation model was tested using the PROCESS
macro [42] for SPSS to examine main and indirect effects of affinity towards diversity on wellbeing
via sustainable behaviors (See Figure 2 for model). PROCESS is a macro (computational) tool which
simplifies the implementation of mediation, moderation, and conditional process analysis using
manifest variables [43]. Every PROCESS estimate requires at least two regression equations and uses
ordinary least squares regression to calculate the parameters of each equation. The theoretical model is
shown in Figure 2.
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Figure 2. Theoretical model where higher affinity towards diversity (ATD) is associated with sustainable
behaviors and, in turn, these behaviors will predict wellbeing.

5. Results

Table 1 summarizes the univariate statistics and reliability coefficients of the scales, and includes
means, standard deviations, minimum and maximum values, as well as the corresponding values of
Cronbach’s alpha for each scale.

Table 1. Mean and standard deviation of each scale.

Scale M SD Min Max A

Affinity Towards Diversity 2.25 0.31 1.50 2.86 0.69
Affinity Towards Biodiversity 3.11 0.54 1.83 4.00 0.67

Sustainable Behaviors

Pro-ecological behaviors 2.63 0.37 1.94 3.38 0.72
Altruism 2.65 0.42 1.40 3.80 0.72

Psychological Well-Being 2.14 0.29 1.10 2.54 0.85

The IAT effect, produced by subtracting the mean score for Biodiversity/Positive
blocks (M = 833.32 ± 317.63) from the mean score for the No biodiversity/Positive blocks
(M = 1278.58 ± 643.81), was 445.26 (±539.05; N = 122), suggesting an implicit tendency for associating
biodiversity with positive attributes (See Figure 3). According to the literature, an IAT effect of 0 would
indicate no association, and a negative IAT effect in this context would indicate a general tendency to
associate a lack of biodiversity with positive features [34]. The results show a significant difference
between reaction times in these two different types of trials (t121 = −9.12, p < 0.0001). To reduce the
effects of outliers, the IAT scores were log transformed. These differences remained even when they
were log transformed (t121 = −13.60, p < 0.0001).
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Figure 3. There was a significant difference between the mean reaction time in Biodiversity/Positive
blocks (M = 833.32 ± 317.63) and No biodiversity/Positive blocks (M = 1278.58 ± 643.81). In black, IAT
effect produced by subtracting the mean score for Biodiversity/Positive blocks 445.26 ± 539.05.

We did not find a significant association between IAT effect (log and non-log transformed) and
any self-report measures of ATD (p > 0.2). The association became trending with only nature-related
ATD (ATDBio) items (p > 0.1). Additionally, D scores were not associated with self-reported measures
of ATD. We did find a significant negative association between both incongruent reaction times
and ATDBio (Diversity/Negative: r = −0.207, p = 0.02; No Diversity/Positive: r = −0.196, p = 0.03),
suggesting the longer it takes participants to react to an incongruent trial, the less they self-report
affinity to natural environment diversity (Figure 4).

Sustainability 2019, 11, x FOR PEER REVIEW 7 of 12 

Figure 3. There was a significant difference between the mean reaction time in Biodiversity/Positive 
blocks (M = 833.32 ± 317.63) and No biodiversity/Positive blocks (M = 1278.58 ± 643.81). In black, IAT 
effect produced by subtracting the mean score for Biodiversity/Positive blocks 445.26 ± 539.05. 

We did not find a significant association between IAT effect (log and non-log transformed) and 
any self-report measures of ATD (p > 0.2). The association became trending with only nature-related 
ATD (ATDBio) items (p > 0.1). Additionally, D scores were not associated with self-reported measures 
of ATD. We did find a significant negative association between both incongruent reaction times and 
ATDBio (Diversity/Negative: r = −0.207, p = 0.02; No Diversity/Positive: r = −0.196, p = 0.03), suggesting 
the longer it takes participants to react to an incongruent trial, the less they self-report affinity to 
natural environment diversity (Figure 4). 

Affinity towards diversity: Biological Affinity towards diversity: Biological

Figure 4. Significant association between both incongruent reaction times and ATD (biological). (A) 
Diversity/Negative: r = −0.207, p = 0.02; (B) No Diversity/Positive: r = −0.196, p = 0.03. 

The model demonstrated that affinity towards diversity indirectly predicted wellbeing via the 
mediating effects of pro-environmental and altruistic behaviors. The model suggests that those who 
report affinity towards diversity tend to report higher involvement in pro-environmental and 
altruistic behaviors, and these in turn predict wellbeing. This was true for affinity towards diversity, 

0

500

1000

1500

Lo
g 

m
ea

n 
re

ac
tio

n 
tim

e 
(m

s)

Diversity/
Positive

No Diversity/
Positive

Congruent Incongruent

Difference Congruent
-Incongruent

A B

Lo
g 

m
ea

n 
re

ac
tio

n 
tim

e
N

o 
D

iv
er

sit
y/

Po
sit

iv
e

Lo
g 

m
ea

n 
re

ac
tio

n 
tim

e
 D

iv
er

sit
y/

N
eg

at
iv

e

2.75

3.75

3.00

3.25

3.50

15.00 27.5017.50 20.00 22.50 25.0015.00 27.5017.50 20.00 22.50 25.00

2.75

3.75

3.00

3.25

3.50

Figure 4. Significant association between both incongruent reaction times and ATD (biological).
(A) Diversity/Negative: r = −0.207, p = 0.02; (B) No Diversity/Positive: r = −0.196, p = 0.03.

The model demonstrated that affinity towards diversity indirectly predicted wellbeing via the
mediating effects of pro-environmental and altruistic behaviors. The model suggests that those who
report affinity towards diversity tend to report higher involvement in pro-environmental and altruistic
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behaviors, and these in turn predict wellbeing. This was true for affinity towards diversity, including
both biodiversity and social diversity (Figure 5A) as well as biodiversity independently (Figure 5B).
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6. Discussion

Our study reinforces previous evidence for an association between ATD, sustainable behaviors,
and wellbeing. The results suggest that those with increased affinity towards both biological and social
diversity report increased sustainable behaviors (pro-environmental and altruistic behavior) and, in
turn, wellbeing. We further provide some evidence of convergence between self-reported ATD and
affinity towards diversity as indicated by reaction time.

The results show significant differences between the diversity congruent trials and no diversity
incongruent trials (Figure 3). These differences created a positively balanced IAT effect, which suggests
an implicit tendency for associating biodiversity with positive attributes, which replicates the findings
of Qiu et al. [27].

We further show some limited evidence of convergence between explicit and implicit ATD.
Although we did not find a direct association between the IAT effect and self-reported ATD, we
found an association between incongruent trials and self-reported affinity towards biological diversity
(Figure 4). The limited convergence may be due to limitations in our study (see below) or discrepancies
between self-report and reaction time. Likewise, some studies have not demonstrated an association



Sustainability 2019, 11, 5825 9 of 12

between implicit and explicit measures in personality assessments [40]. Research has also found that
biases such as social desirability moderate the relationship between implicit and explicit measures [44].

The results presented here suggest that ATD has an indirect effect on wellbeing through sustainable
behaviors (See Figure 5). There is extensive evidence providing support for the beneficial benefits
of natural environments on human health [21,25,45–47]. Those benefits expand to biodiversity’s
positive influence on human health [10]. For instance, a study of more than 3000 Japanese seniors
found that the best predictor of 5-year survival was proximity to walkable green spaces [48]. This
suggests humans value nature and biodiversity due to the potential psychobiophysical benefits they
provide [49–51]. Authors such as Frumkin [25] suggest that human appreciation for diversity emerged
as an adaptive tendency developed after the positive impacts it produced, such as survival or general
wellbeing. More recent views propose that wellbeing may emerge from positive environments where
the conservation of the environment is as important as the satisfaction of human needs [16]. These
views provide a theoretical foundation for our model, where ADT is associated with wellbeing through
sustainable behaviors. Our model results also suggest that the presence of diversity may be considered
as an important component of a positive environment, since this contextual feature stimulates both
environmental conservation and wellbeing.

This study is not without limitations. Firstly, the sample was homogeneous (comprised of
undergraduate students) and the sample size was modest. Thus, these results may not be generalizable
to the general population. The association between IAT measures and self-reported ATD was only
trending with some variables, which may be attributable to low statistical power due to our sample
size. It may also be due to internal consistency reliability statistics with limited acceptability. Further,
the IAT only included depictions of biological diversity. Only after self-reported ATD was divided into
social and biological subscales were associations found, However, divergences between IAT (implicit)
and self-report (explicit) has been demonstrated when self-reports are inaccurate due to response bias,
while implicit measures are thought to be less affected [34]. Further research is needed to elucidate
this phenomenon.

These limitations highlight new areas of opportunity in the use of novel multimethod designs to
investigate ATD. It would be useful to collect data from a larger community sample for generalizability.
Given that the ATD scale can be separated into two components (i.e., affinity towards social and
biological diversity), we propose to construct a more comprehensive affinity towards diversity scale
that includes the two major subscales: social and biological diversity. Likewise, due to the importance
of social diversity, implicit measures should also include blocks reflecting this type of diversity. Finally,
it is important that this research is conducted in diverse cultural and socioeconomic samples in order
to assess possible differences due to these variables. The current investigation also adds to the growing
evidence of concerns in the design and interpretation of the IAT [52]. A recent study showed evidence
for participant awareness in their IAT response latencies. More importantly, they were able to accurately
recognize the features within the task that produced those behaviors. Moreover, the validity of this
awareness predicted their test scores. The authors suggest that these results challenge the claim to
attitude effects of which individuals are unaware [53]. These reports and our results call attention to
the need of new experimental designs to assess ATD and other environmental attitudes and behaviors.

Our results have both basic and applied implications. Given that biodiversity not only stimulates
physical wellbeing by providing access to food, clean air, and water but also psychological wellbeing,
it is important to study its correlates. Research conducted by ecologists, health and social scientists,
and planners should guide the development of policies and land use [11]. These policies should help
promote human interaction with biological and social diversity, which holds promise to improve
environmental conditions as well as human physical and psychological wellbeing.
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