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Abstract
There is a considerable need for citizen commitment to protecting biodiversity, 
particularly in Latin America, where authorities have proven themselves not very 
effective in protecting the areas around large cities. In light of this, this article 
reports on research into applying the value–belief–norm (VBN) model to predict 
tendencies towards behavior protective of local native biodiversity in an urban 
district of Santiago, Chile. This district borders on a Mediterranean ecosystem that 
is considered a global biodiversity hotspot. The research involved a survey applied 
to a representative sample of 219 inhabitants whose responses were analyzed using 
structural equation modeling (SEM). Results suggest that the VBN model fits 
adequately to the data and can predict the majority of protective behaviors studied. 
We also discuss the relevance of the VBN model to effective social marketing of pro-
environmental messages.
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Introduction
In recent decades, the growth of Latin American megacities has put growing 
pressure  on neighboring ecosystems due to the unregulated expansion of urban 
and  productive frontiers, increases in the prevalence of invasive exotic species, 
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and the lack of legislation to protect the wild, rural landscapes that surround 
them. The situation is dire in Santiago, Chile, a city located in one of the planet’s 
five Mediterranean ecosystems, in an area with high diversity and endemism of 
plants and  animals, many of which are at risk of extinction (Sala et al., 2000; 
Simonetti, 1999).

Latin American countries continue to demonstrate a lack of political determination 
to address this problem, and the rotation of authorities hampers most attempts to 
implement protection policies at the local, regional, and national government levels. 
In light of this, several studies have proposed a need for active involvement of civil 
society to protect local native biodiversity (Guerra & Skewes, 2004; Oyanedel et al., 
2016; Schultz, 2011). However, citizen involvement is hindered by the lack of space 
for meaningful deliberation within formal participation mechanisms associated with 
spatial planning policy (Delamaza & Flores, 2009; Stokes, 2012) and the limited 
degree of environmental awareness exhibited by local populations (Sánchez Muñoz 
et al., 2019).

In this context, finding ways to encourage citizens’ active involvement in protecting 
local native biodiversity is fundamental. There is considerable evidence of the limited 
effectiveness of those awareness campaigns that seek to promote pro-environmental 
behaviors by providing information concerning the problem and behaviors required 
to solve it (Hart & Nisbet, 2012; Monroe, 2003; Schultz, 2011). A more effective 
approach seems to be social marketing, a persuasion strategy that draws on commercial 
marketing and behavioral psychology. The method involves identifying differences 
between those who engage in pro-environmental behaviors and those who do not, 
and tailoring communication campaigns to a range of target audiences (McKenzie-
Mohr, 2000; Osbaldiston & Schott, 2012; Wright et al., 2015). Exploration of the 
motivations, or psychosocial factors, behind pro-environmental behaviors provides 
the raw materials for communication campaigns based on social marketing or other 
audience segmentation and content-framing strategies.

However, most empirical research on the subject has focused on waste management, 
efficient use of water and energy, sustainable mobility and responsible consumption 
(Osbaldiston, 2013), while protecting local biodiversity has received relatively 
little attention. Furthermore, many of these studies have used university students 
(Wiesenfeld & Zara, 2012), a group that is not representative of society as a whole.

One model that has achieved considerable success in understanding the psychosocial 
factors influencing pro-environmental behaviors is the value–belief–norm (VBN) 
model. Unfortunately, little research has been conducted into the model’s applicability 
to environmental issues in Chile and the rest of Latin America (Mozobancyk, 2011; 
Sapiains Arrué & Ugarte Caviedes, 2017).
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In the present article, we seek to address existing gaps in knowledge by providing 
empirical evidence regarding the applicability of the VBN model to the protection of 
biodiversity in a population representative of a Latin American megacity: Santiago, 
Chile. We tested this applicability using structural equation modeling (SEM). 
We believe that demonstrating this model’s applicability in such contexts will pave 
the way for interventions that, through social marketing and other similar strategies, 
can increase the involvement of urban populations across Latin America to protect 
their local native biodiversity.

Theoretical background
The literature on the promotion of pro-environmental behaviors includes three 
explanatory models that are of particular interest. The first is the theory of reasoned 
action, developed by Fishbein and Ajzen (1975), which holds that the intention 
to act in a certain way is determined by three factors: a) the attitude towards the 
behavior, which encompasses the perceived effectiveness of the action itself and 
positive evaluation of the result; b)  the subjective or social norm, which refers to 
perceived social pressure to act and the motivation to comply with those expectations 
(Cialdini et al., 1990); and c)  the perceived control, which includes the perceived 
capacity and resources needed to effect action, along with the costs or barriers 
associated with it.

The theory of reasoned action has been criticized for its assumptions of rational 
choice, assuming that people behave as egocentric entities without empathy or moral 
obligations (Corral-Verdugo et al., 2019; Sen, 1986). It is, therefore, common for 
other variables to be incorporated into models designed to explain the motivations 
behind pro-environmental behaviors, as people generally do not perceive immediate 
direct benefits for themselves as a reward for their actions. This is particularly the 
case with the protection of biodiversity.

The norm activation model, developed by Schwartz (1973), states that one might 
explain behavioral intentions by the feelings of internal obligation (i.e., personal 
norms) that people develop in relation to behaviors that have the potential to resolve 
a problem. Although these are associated with social norms, they depend directly on 
the person’s self-concept—that is, their inclination to strengthen their self-esteem 
and avoid feelings of guilt. These personal norms derive from the values acquired 
during primary socialization. They have been verified empirically by intercultural 
studies (Schwartz, 1992) and conceptualized within the model as two opposing 
axes: self-enhancement versus self-transcendence, and openness to change versus 
conservatism. For these values to activate personal norms, the individual must 
perceive that their valued objects are at risk (i.e., awareness of consequences) 
and that they have some capacity to improve the situation (i.e., assumption of 
personal responsibility).
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Later, Stern (2000) and Stern et al. (1999), propose several reworkings and 
extensions  to the norm activation model, giving rise to the value–belief–norm 
(VBN) model. This model is not only more comprehensive but widely adopted to 
explain the critical triggers of pro-environmental behaviors, producing successful 
empirical results around the world (e.g., Gkargkavouzi et al., 2019; van der Werff 
& Steg, 2016; Wu, 2018; for local biodiversity protection, see Johansson & 
Henningsson, 2011).

In this model (see Figure  1), Values are summarized in three types: Biospheric 
(focus on harmony with nature), Altruistic (consideration of others, whether 
known or unknown) and Egoistic (focus on direct personal benefits such as power 
and money). Concerning the Beliefs dimension, Stern et al. (1999) introduced 
another variable to complement the model: the new environmental paradigm 
(NEP) scale. Dunlap and Van Liere (1978) formulated this scale, which has been 
widely accepted within the specialized literature (Dunlap et al., 2000; Moyano & 
Palomo-Vélez, 2014; Pires et al., 2016). The NEP refers to a worldview or system 
of beliefs that predispose the individual to accept or reject a given perception of 
threats (Awareness of Consequences) in a specific context (Stern et al., 1999, p. 85). 
The concept provides a counterpoint to the so-called modern paradigm identified 
in the late 1970s. It measures the extent to which an individual perceives the man-
made global environmental crisis in terms of their awareness of growth limits, their 
perception of an imminent ecological crisis, their consciousness of the natural 
balance’s fragility, their tendency towards anti-anthropocentrism, and their rejection 
of human exceptionalism.

Figure 1. Causal chain of value–belief–norm model
Note. Solid line = past literature has found that these relationships tend to be significant. 
Dotted line = these relationships tend not to be significant. The + or − sign indicates the direct 
or inverse direction of the expected relationship.
Source: Adapted from Stern et al. (1999).
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As shown in Figure 1, the VBN model proposes a causal chain of factors that each 
directly affect the next, with sense of Personal Obligation as the final trigger of 
pro-environmental behaviors. It is important to note that the variables included in 
the model are relevant to protecting ecosystems within populations presented with 
incentives (money, resources, or employment) to do the opposite. We expect results 
to show that a person, family, neighborhood, or community that shows values, 
beliefs, and norms favoring the protection of local native biodiversity would be less 
vulnerable to these types of incentives.

In terms of the pro-environmental behaviors addressed by the present research, 
the VBN model has been found in general to successfully predict Private-Sphere 
protective behaviors, Support for Protection Policies, and Moderate Public-Sphere 
citizen behavior. As such, neither environmental Activism nor Participation in 
Organizations tends to report significant correlations with the predictive variables 
of the model (Stern, 2000; Stern et al., 1999), as they are associated with factors 
such as identity, interpersonal trust, and the specific sociopolitical context (Asún & 
Zúñiga, 2013; Galais et al., 2013). However, as they were part of the VBN model, 
we decided to include them in our study regardless.

Use of the VBN model in Latin America and Chile
Although the VBN model has been used to predict pro-environmental behaviors in 
Latin America, most of the examples of its application have involved samples that 
are not representative of the general population. For example, the model has aided 
in statistically identifying significant relationships between the values, beliefs, and 
norms of secondary school children in Mexico and their attitudes and behaviors 
associated with comprehensive waste management (Carrete et al., 2014). The 
same occurred with university students in Venezuela (Terán de Serrentino et al., 
2013). In Chile, the explanatory power of the VBN model has been determined 
with secondary school children’s commitment to protecting biodiversity (Menzel & 
Bögeholz, 2010).

In terms of studies conducted within the non-student population, we can find two 
contributions to the literature. Firstly, the fit and explanatory power of the VBN 
model in relation to a matrix of general pro-environmental behaviors, with a focus 
on waste treatment, was demonstrated in three representative samples of the adult 
population of Lima, Peru (Pereyra, 2008).

Finally, Bronfman et al. (2015) (see also MMA, 2013) conducted a validation and 
evaluation of the predictive power of the VBN model using a representative sample 
of the adult population of Santiago, Chile. The variables that their study sought to 
predict included six aspects of environmental behavior in citizens: water use, energy 
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use, waste management, sustainable shopping, car use, and biodiversity protection. 
However, the latter aspect was not included in the final analysis as they did not 
obtain acceptable reliability values.

Research case: The border between an urban zone and 
wild biodiversity
The study area is the district of Huechuraba, situated on the northern edge of 
the metropolitan area of Santiago, Chile (Figure  2). The smallest administrative 
subdivision in Chile is the comuna (district), and a municipality manages it. The 
district of Huechuraba covers an area of 4,534 hectares, of which 52% comprises 
the non-urbanized hillsides of the mountainous chains that run from Manquehue 
Hill towards the northeast and San Cristóbal Hill towards the southeast. These hills 
provide the conditions for a biological corridor of native flora and fauna typical of 
sclerophyll matorral within the Mediterranean ecosystem of the central zone of Chile.

In terms of its human population, the district has 98,671 inhabitants according to 
the 2017 census and presents a high degree of socioeconomic diversity. This quality 
and its border with wild biodiversity areas form the basis of selecting Huechuraba 
for the present study.

Figure 2. Huechuraba district, Santiago, Chile
Source: Google Earth, © 2022 Airbus / Maxar Technologies.
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Method
To determine the applicability of the VBN model to our study population, we used 
a series of SEM. These models make it possible to evaluate how different questions 
measure each variable and how the relationships between variables correspond to 
those predicted by the theory. We arranged the former through confirmatory factor 
analysis and the latter through the application of SEM models. To claim the theory 
is consistent with the data, the SEM model corresponding to the theoretical model 
must have a good statistical fit to the data and the parameters of the model must 
be significantly different from 0. When both conditions are met, the theoretical 
model is a plausible representation of the causal relationships between the variables 
(Bollen, 1989).

Participants
The study sample consisted of 219 inhabitants aged 18 years and over from the district 
of Huechuraba in Santiago, Chile. Although for budgetary reasons our research 
sample is relatively small, it is highly valuable as it allowed accurate estimation of the 
model parameters (standardized SE < 0.21) and is representative of the inhabitants 
of the district, with a margin of error of 7% and a confidence level of 95%.

Participants responded to surveys conducted in person at their homes. The response 
to the survey was voluntary, and participants were informed previously through 
an introductory letter2 signed by Universidad de Chile’s Director of Graduate 
School. The letter indicated the study was under University supervision, that all 
responses would be anonymous, and that final results would become available to 
all those interested. Also, both the University’s and principal investigator’s contact 
information was made available in case of questions or complaints.

We selected residences employing stratified probabilistic sampling based on an initial 
division according to the socioeconomic groups present in neighborhoods nearest 
to the urban limit, which have a closer relationship with local native biodiversity. 
Of  the sample obtained, 16%  consisted of individuals of a high socioeconomic 
level, 31.1% of a medium level, 35.2% of a medium-low level, and 17.8% of a 
low level. Regarding age, 19.6%  were younger than 30  years, 20.1%  between 
30 and 40 years, 22.4% between 41 and 50 years, 18.3% between 51 and 62 years, 
and 19.6% were older than 62. In general terms, the mean age of the sample was 
approximately 47 years (SD = 17 years).

2  See file in supplementary materials: Cox&Asun_VBN_SM_Letter to the neighbors.doc (Cox & Asún, 2022).

https://doi.org/10.5281/zenodo.6934708
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Finally, 61.2%  of respondents were women, and 38.8%  were men. The over-
representation of women occurred since more women than men were at home when 
the survey was applied. This bias in respondents’ gender did not affect our results, 
since we demonstrated the existence of an adequate level of configural and metric 
invariance between the results of men and women (fit for configural invariance: 
χ2  =  1173.1; df  =  720; RMSEA  =  0.076; fit for metric invariance: χ2  =  1162.3; 
df = 740; RMSEA = 0.072), so the instrument performed equally in both groups 
in its structure and quality of the items (Elosua, 2005). The only difference found 
was at the scalar level—that is, men and women have different average levels of the 
variables measured3. To prevent this from causing bias in the results, the descriptive 
analyses included a weighting that balanced out the sample by gender.

The fieldwork began with a pre-test applied in early May 2018, followed by three 
survey application sessions between May and June 2018. The survey interviewers 
received prior training.

Instrument
The indicators used4 were based on four sources: a)  instruments and questions 
used by previous studies involving the VBN model; b)  the 2017–2018 National 
Environment Survey5, applied in Chile by the national government (MMA & PUC, 
2018); c)  consultation with local experts, particularly concerning private-sphere 
environmental behaviors; and d) the results of a call for proposals from municipal 
environmental managers in the central zone of Chile as part of project GEF 5135 
Corredores biológicos de montaña (Mountain biological corridors).

About the psychosocial factors included in the model, for the Values, we used the 
question “To what degree do you feel represented by or identify with  …?” We 
presented three items for each dimension. For example, items relating to Biospheric 
included “a person who seeks unity with nature” (adapted from Steg et al., 2005). 
Also, items relating to Altruistic included “a person who believes in equal treatment 
of all people, including those unknown to them” (taken from MMA, 2013); and 
items relating to Egoistic included “a person who considers it important to influence 
others and their actions” (taken from MMA, 2013). Responses to each item were on 
a 5-point scale ranging from “Does not represent me at all” (1 point) to “Represents 
me well” (5 points). A 5-point scale was also used for the other predictive variables, 
although this time as an agreement scale ranging from “Strongly disagree” (1 point) 
to “Strongly agree” (5  points). Specifically, for the NEP variable, we included 
a question for each of the five dimensions described in the theoretical framework; for 
example, for the NEP element concerning perception of man-made environmental 

3  For more details, see file: Cox&Asun_VBN_SM_Factor Invariance.docx (Cox & Asún, 2022).
4  See file: Cox&Asun_VBN_SM_Indicators.xlsx (Cox & Asún, 2022).
5  Encuesta Nacional de Medio Ambiente 2017–2018.

https://doi.org/10.5281/zenodo.6934708
https://doi.org/10.5281/zenodo.6934708
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crisis, we used “If things continue as they are, we will soon be faced with a large-
scale environmental catastrophe” (adapted from Moyano & Palomo-Vélez, 2014). 
For Awareness of Consequences, we used the statement “Deterioration of this zone’s 
plants and animals …” and completed it with a different phrase for each dimension 
of the Values. For example, for Altruism, we used “…  will affect the quality of 
life of future generations” (adapted from MMA, 2013). For the assumption of 
Personal Responsibility, we used three statements, such as: “In my household, we 
take responsibility for reducing harm to plants and animals in the district” (adapted 
from MMA, 2013). For the sense of Personal Obligation, we also used three 
statements, including “I feel a moral obligation to protect the zone’s plants and 
animals” (adapted from MMA, 2013).

Regarding the dependent variables or local native biodiversity protection behaviors, 
we asked about the frequency with which six Private-Sphere environmental 
behaviors were conducted. These include, for example, “Do you allow your 
animals to roam freely on the hills in the district?” and “Do you take action to 
prevent wildfires, such as dry grass control, clearance of dry branches, creation of 
firebreaks, etc.?” Responses to these questions were on a 5-point scale ranging from 
“Never” (1 point) to “Always” (5 points). Within the public sphere and regarding 
the Support for Protection Policies variable, we asked to what degree respondents 
agreed with four statements, including “Municipal budget should be allocated to 
protecting the zone’s plants and animals instead of increasing funding in other areas 
like healthcare and education.” We presented four response alternatives, ranging 
from “Strongly disagree” (1  point) to “Strongly agree” (4  points). We enquired 
about 10 actions specially designed for the present study for the Moderate Public-
Sphere citizen behavior variable. These include: “Have you been involved in the 
inspections ensuring the hills and the El Carmen channel are not polluted?” and 
“Have you participated in activities relating to the protection of the zone’s plants 
and animals, such as litter-picking in the hills or forests of Santiago?” We provided 
the response categories from the National Environment Surveys (MMA & PUC, 
2018): “No, and I am not interested” (1 point), “No, but I would like to” (2 points), 
“Yes, more than a year ago” (3 points), and “Yes, in the last year” (4 points). Finally, 
to measure environmental Activism or Participation in Organizations, we use the 
same response categories for the following questions: “Have you been involved with 
an organization whose purpose is to protect the zone’s plants and animals?” and 
“Have you been involved in demonstrations for the protection of the zone’s plants 
and animals (marches, roadblocks, etc.)?”

Data analysis
The present work involves quantitative, cross-sectional research with a descriptive–
associative methodological design, which sought to identify potential relationships 
between the variables. The data were processed using IBM SPSS Statistics 23 in 
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order to prepare the variables for subsequent analysis. Data preparation included 
detecting and eliminating incomplete questionnaires, correcting erroneous or out-
of-range responses (those that were classified as missing values), and recoding some 
variables to facilitate analysis. Once the database was clear of errors, we performed 
a series of confirmatory factor analyses with the questions for each variable to check 
that these constituted good measurement models for each. Finally, we used structural 
equation models to test the theoretical model shown in Figure 1. For factor analysis 
and model testing we use Mplus 7.4 software (Muthén & Muthén, 2012). Since 
our variables were ordinal, we used ULSMV as the estimation procedure because it 
works well with small samples, assumes that ordinal variables are available and does 
not require multivariate normal distribution to obtain unbiased results (Flora & 
Curran, 2004). In addition, as fit statistics, we used RMSEA, CFI, and TLI, which 
are recommended for this estimation procedure (Muthén & Muthén, 2012). As a 
fit criterion, we used CFI/TLI values ≥ 0.9 and RMSEA values ≤ 0.08 (Marsh et al., 
2004). For factor analysis, Lambda coefficients ≥ 0.4 were considered acceptable 
(Asún et al., 2016). We worked with standardized coefficients for both analyses. 
Standardization was performed following the STDXY procedure of the Mplus 
software, which assigns mean  0 and standard deviation  1 to all variables in the 
model (Muthén & Muthén, 2012). We selected the presentation of results and 
supplementary materials following the recommendations by Fan et al. (2016).

Results

Descriptive analysis
Table  1 presents the mean and standard error of each of the study variables. 
We measured psychosocial factors ranging from 1 to 5, implying that the population 
studied showed values, beliefs, and norms favorable to biodiversity protection, 
highlighting the high averages of altruistic values and NEP. Regarding egoistic values, 
these obtained a mean of only 2.96, being the least accepted by the population.

With the dependent variables, behaviors in the private sphere were measured in 
a  range of 1  to  5, highlighting the low frequency of fire prevention behaviors. 
The behaviors in the public sphere were measured in a range of 1 to 4, highlighting 
the low participation in protests and pro-biodiversity organizations and the low 
participation in moderate public actions for protection, indicating that the 
population is motivated to protect biodiversity but is collectively passive.
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Table 1. Descriptive statistics of the variables of the VBN model

Variable Mean Standard 
error

Psychosocial factors

Values Biospheric 4.48 0.056

Altruistic 4.60 0.051

Egoistic 2.96 0.087

New ecological paradigm (NEP) 4.58 0.051

Awareness of consequences 4.52 0.057

Personal responsibility 4.44 0.061

Personal obligation 4.41 0.058

Dependent variables

Private-sphere 
protective 
behaviors 

Non-hunting of native animals 4.95 0.019

Non-firewood collection 4.84 0.038

Veterinary pet/animal control 3.83 0.082

Control of pets/animals on visits to the hills 4.24 0.093

Fire prevention 2.41 0.113

No littering in areas near the hills 4.71 0.059

Support for protection policies 2.97 0.064

Moderate public-sphere behavior 2.01 0.056

Participation in organizations 1.66 0.046

Participation in protests (Activism) 1.49 0.049

Note. Gender-weighted sample. NEP = new ecological paradigm.
Source: Authors’ summary.

Factor analysis
Before model evaluation, we conducted factor analyses to assess the suitability of 
the measurement models of each variable. For the predictive variables, in order to 
measure people’s values, we assessed the three-dimensional VBN model, finding it 
to be a good fit (χ2 = 26.9, df = 17, RMSEA = 0.052, CFI = 0.987, and TLI = 0.979) 
provided that one of the three items from the Egoistic dimension (which refers to 
identification with the accumulation of money) was removed. A very good fit was 
obtained for the NEP scale (χ2 = 3.9, df = 2, RMSEA = 0.067, CFI = 0.995, and 
TLI = 0.985) following the elimination of an item concerning the dimension of 
human exceptionalism. For each of the other three predictive variables (Awareness 
of Consequences, assumption of Personal Responsibility, and sense of Personal 
Obligation), only three items were available, making it impossible to assess the fit 
of each measurement model, since the models are “saturated” (i.e., with 0 degrees 
of freedom). As such, we assessed whether the factor loadings of each item with the 
latent variable that it measured were sufficiently high (> 0.4). We found this to be 
true in all cases.
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For the behavioral or dependent variables, in order to measure private-sphere 
environmental behaviors, we assessed different models without finding a suitable 
fit. The latter indicates that motivations associated with these behavior types are 
not interrelated. That is, there is no latent factor behind their common variance. 
We therefore treated them as isolated indicators of different behaviors, as shown in 
Table 1. In terms of Support for Protection Policies, we were unable to achieve a 
good fit with a unidimensional model, so we divided the construct into two factors 
or dimensions entitled “Advocacy for access restriction policies” (charging for and 
restriction of access to certain non-urbanized zones) and “Support for institutional 
protection policies” (municipal budget and restrictions as part of spatial planning 
policies). This two-dimensional model achieved acceptable fit indices (χ2 = 0.01, 
df = 1, RMSEA > 0.001, CFI = 1.000, and TLI = 1.035). For Moderate Public-
Sphere citizen behavior we had to remove five items that did not have high 
correlations with each other and therefore did not fit any model, but the other five 
(inspection of tree felling, inspection for responsible pet ownership, inspection for 
pollution control, inspection for fire prevention, and participation in litter-picking) 
showed a good fit to a unidimensional model (χ2 = 9.48, df = 5, RMSEA = 0.064, 
CFI = 0.993, and TLI = 0.987). Finally, given that involvement with organizations 
and participation in protests were each measured using a single item, we did not 
conduct factor analyses. A detailed report of each factor analysis, including factor 
loadings, standard errors, and fit of each measurement model, can be found in the 
supplementary materials6.

Testing of the VBN model
Once the measurement model was constructed, we proceeded to assess its fit and 
estimated parameters. This preliminary model obtained only regular fit (χ2 = 773.5, 
df = 598, RMSEA = 0.037, CFI = 0.907, and TLI = 0.891) and none of the private-
sphere environmental behaviors were predicted by the model, so we decided to 
eliminate them.

Following the removal of these variables, we fitted a second model, which 
achieved a very good fit (χ2 = 599.8, df = 442, RMSEA = 0.040, CFI = 0.933, and 
TLI = 0.924) and a considerable number of significant parameters with a moderate 
or strong effect.

We present the first and final models’ results in the supplementary materials7. 
They include the estimated parameters, their standard errors, and each model’s fit. 
Figure 3 shows a general diagram of the main results of the final model. The arrows 
indicate significant relationships (p < 0.05) and standardized λ and β coefficients.

6  See file: Cox&Asun_VBN_SM_Factor analysis.docx (Cox & Asún, 2022).
7  See file: Cox&Asun_VBN_SM_SEM Models.docx (Cox & Asún, 2022).

https://doi.org/10.5281/zenodo.6934708
https://doi.org/10.5281/zenodo.6934708
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Figure 3. Final result—structural equation modeling of the value–belief–
norm model
Note. Bold arrows = standardized β coefficients; thin arrows = standardized λ coefficients; 
solid lines = significant relationships (p < 0.05); dotted lines = non-significant relationships; 
rectangles = observed variables; rounded boxes = latent variables.
Source: Authors’ analysis.

As shown in Figure 3, the causal chain proposed by the model works well: A person’s 
Biospheric and Altruistic values predict greater belief in the NEP, which in turn 
increases awareness of the consequences of one’s behavior and assumption of 
personal responsibility for the protection of native biodiversity. These changes in 
beliefs are associated with having higher levels of norms associated with a sense of 
personal obligation to protect biodiversity, which is significantly related to higher 
levels of involvement with associated organizations and in protests, more robust 
support for institutional protection measures or restriction of access, and more 
significant presence of moderate public-sphere citizen behaviors.

Our study did not confirm only two aspects of the model: a) the Egoistic values were 
not significantly related to the level of belief in the NEP, although the sign of this 
relationship was negative, as predicted by the theory; and b) as previously noted, 
environmental behaviors in the private sphere were not predicted by the model. 
We discuss the implications of these results in the Discussion.

Discussion
The most important outcome of the present research was our validation of the fit 
and predictive power of the VBN model, corroborating the findings of Pereyra 
(2008) and Bronfman et al. (2015) regarding the applicability of the VBN model 
to explain pro-environmental behaviors in Latin American populations, and those 
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of Menzel and Bögeholz (2010) regarding biodiversity protection attitudes in 
Chilean students. Beyond these coincidences with previous research, the theoretical 
contribution of our study is to show that the model constitutes a good fit for the 
prediction of pro-environmental behaviors in the context of local native biodiversity 
protection in the adult population living in an urban district in Latin America. 
Of comparable importance are the high coefficients found, especially for the chain of 
relationships between the NEP, Awareness of Consequences, assumption of Personal 
Responsibility, and sense of Personal Obligation.

Another noteworthy finding is that the model can successfully predict public-sphere 
protective behaviors. The latter includes participation in monitoring activities 
that threaten local native biodiversity, participation in litter picking, support for 
policies designed to protect local native biodiversity through access restriction and 
institutional protection, organizational involvement for protecting local native 
biodiversity, and participation in protests in defense of biodiversity. Interestingly, 
the last two behaviors (Participation in Organizations, and Protests and Activism) 
were significantly predicted by the model, in contrast to Stern’s results (2000; Stern 
et al., 1999). Our explanation for this is based in our study’s Latin American context 
since this region is immersed in a cycle of social conflicts, one of whose motivations 
is environmental protection.

On the other hand, our research yielded some unexpected results associated with 
private-sphere environmental behaviors, which did not load on a common latent 
factor, and the model did not predict them. We may explain both results by the fact 
that these behaviors are associated with personal motivations (e.g., monitoring the 
health and controlling the movements of pets may have more to do with styles of 
pet ownership) or circumstances (e.g., not leaving litter on nearby hills or helping 
to clean up refuse may have more to do with living near a natural area and seeking 
to minimize risks of illness or wildfires), and are not necessarily related to pro-
environmental attitudes in general.

Finally, the factor analysis results showed that Support for Protection Policies was 
divided into two separate variables that allow a more detailed understanding of its 
internal structure and may be used in future studies: These are support for policy 
promoting access restrictions (imposing fees and restricting access to certain non-
urbanized zones that warrant protection), and support for institutional protection 
(incorporating protection rules into spatial planning tools and allocation of local 
administrative budget).

Limitations
Regarding the limitations of this study, we recognize that the discussion on 
values, beliefs, norms, and the self-reporting of behaviors using surveys introduces 
a social desirability bias (i.e., a tendency to answer with what is considered socially 
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desirable and not what is really believed) that may have influenced responses, even 
though we tried to reduce it when writing the questions. On the other hand, only 
variables associated with the VBN model were included as explanatory factors, 
leaving aside the other models presented and other variables that the literature 
has linked to environmental protection, such as lifestyles (Corraliza & Martín, 
2000), intergenerational transfers (Caballero, 2015), or contextual factors, personal 
capabilities, and habits of individuals (Stern, 2000). For a comprehensive explanation 
of the problem and design of other intervention strategies, we suggest considering 
such factors in future research.

From a methodological point of view, most of the factor analyses performed well. 
However, we had problems measuring protective behaviors in the private sphere, 
where the questions did not fit into any factor structure, so we had to include them 
in isolation in the SEM analysis. Despite the interpretation that we gave earlier 
to this result, we cannot rule out that this is also due to measurement problems. 
Future studies should develop new ways of measuring these behaviors to resolve 
this question.

Another limitation to our research is our focus on only one case (a district in a Chilean 
city) using a representative but small population sample. However, we believe that 
the results obtained demonstrate sufficient robustness for further development. 

Conclusion
We believe that our research is highly relevant in both theory and application in light 
of the results. It contributes to existing knowledge in the field of Environmental 
Psychology, as it is a pioneering study into the application of the VBN model to 
a Latin American population and focuses specifically on the prediction of local 
native biodiversity protection behaviors using a socioeconomically diverse sample 
that is representative of a district within a megacity. This prompts us to suggest the 
questions used here should be reapplied in future research in Latin America since 
the results of the factor analyses showed the indicators were correctly formulated.

In terms of application, we believe that this study’s results may apply as a basis 
for strategies seeking to influence behaviors associated with biodiversity protection, 
directing communication and education campaigns developed by public or private 
institutions in partnership with local communities. We found that the causal chain 
of concepts explained the presence of biodiversity protection behaviors. We found 
that the causal chain of concepts explained the presence of biodiversity protection 
behaviors, so we recommend promotions to strengthen such behaviors by using 
environmental messages that appeal to the model’s different factors (e.g., increasing 
consequence awareness, personal responsibility, or personal obligation) in the general 
population or, in specific audiences, focusing on the factors of the chain that are 
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weaker in each subpopulation. On the other hand, as suggested by Monroe (2003), 
it is recommended to work with the most committed groups, as early adopters, 
making their attitudes and behaviors in favor of biodiversity visible in the media 
in order to promote their replication, taking advantage of the dynamics of social 
norms (Cialdini et al., 1990). Another tip is to use the results obtained strategically, 
for example, by focusing advertising messages on the type of values most prevalent 
in the campaign’s target group (thus giving it a predominantly altruistic, biospheric, 
or egoistic orientation).

In any case, considering the recommendations of community-based social marketing 
(McKenzie-Mohr, 2000), before this type of campaign, studies should be conducted 
on the specific behavior to be promoted, focused on a specific social group and 
territory in order to identify specific barriers and facilitators.

Finally, the VBN model’s power to predict involvement with environmental 
organizations and participation in protests constitutes a novel application of the 
model, which may go some way towards explaining the rising levels of social 
mobilization in Chile and across Latin America. In terms of application, it 
even provides insights into how to encourage such activism, considering that 
political pressure is fundamental to biodiversity protection objectives in contexts 
where environmental issues receive little or no attention from state institutions. 
We believe the model’s results are promising enough to strengthen the link between 
environmental psychology and environmental policy administrators, which 
could help improve the strategies designed to promote biodiversity protection in 
Latin America.
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