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Abstract: The environmental knowledge of inhabitants residing in a highly biodiverse mountainous
region of western Mexico with an important economic forestry sector was investigated. Indices of
environmental knowledge, by average and through a factor analysis, were developed and character-
ized using survey data collected in 2018 and 2021. These indices showed high levels of correlation,
and followed similar patterns of distributions. Ordinary least squares and quantile regressions
were used to examine social, economic, demographic, and perceptions as determinant factors of
the generated indices. Age and education were repeatedly found as important factors influencing
environmental knowledge, while income and gender were consistently not significant factors. Fur-
thermore, environmental knowledge was related to quality of life. The index developed by factor
analysis generated more significantly stable parameter results across percentiles of environmen-
tal knowledge. The indices were recommended for monitoring environmental knowledge in long
term studies.

Keywords: biodiversity conservation; ecological knowledge; environmental conflicts; forest management
conflict; forestry education; natural resource policy; local knowledge

1. Introduction

The relationship between people and their environment forms the basis of sustainable
development. Social, cultural, and economical human factors affect this relationship, thus,
influencing environmental perceptions and sustainability [1,2]. Environmental knowledge
includes concepts and patterns related to ecological systems, problems, and protection actions [3].
Specifically, the concept of environmental knowledge comprises the understanding of the
ecological system, its natural laws and relationships, effects and environmental issues, along
with possible actions for environmental conservation [4–6]. This knowledge is generated by
scientific method, and often is acquired by individuals through formal education [5,7].

Knowledge about environmental processes can be related to positive pro-environmental
conduct [8,9], but this relationship is not always strong [10]. Accumulated ecological knowl-
edge is expected to have an effect on conscious behavior, which in turn, can produce social
change and pro-environmental conduct [9]. Knowledge of environmental processes com-
bined with variables such as age, accumulated knowledge, and behavior might also have
positive effects on pro-environment conduct [6].

Non-formal education, through traditional beliefs and experiences, can be a way
to obtain environmental knowledge [7,11]. Traditional ecological knowledge, usually
acquired by non-formal education, affects how natural resources are maintained [12]
and the ways in which cultural and economic systems are incorporated to management
practices [13,14]. Traditional environmental knowledge also promotes collaborative actions
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to address community problems and proposes solutions focused on sustainability [15].
This interconnection of local knowledge and culture has been indicated to be a critical
factor to effective local conservation efforts [14,16,17].

Regional cultural differences affect environmental knowledge [18]. Inside a single geo-
graphic region, socioeconomic differences produce different levels of knowledge, with more
educational level attainment related to higher ecological understanding [19]. Within a natu-
ral protected area, a community is likely to increase environmental perceptions and their
appreciation [20]. Therefore, evaluating and understanding a community’s environmental
knowledge can inform specific environmental policies and decision-making processes for
natural areas management [5].

Western Mexico is a highly biodiverse region. In particular, the mountains of Talpa
de Allende municipality, in Jalisco state, are species and ecosystem rich, which are of high
economic value [21]. At a national level, Jalisco ranks third in number of pine (Pinus spp.)
(21) and oak (Quercus spp.) (45) species [22,23] In addition to these highly diverse tree
genera, the Talpa de Allende region contains temperate and cloud forests with at least
40 endemic species and hardwood species listed as endangered or vulnerable [24]. Pines,
oaks, and firs (Abies spp.) constitute 70, 9.8, and 2.5% respectively, of the total timber
production of Mexico. Jalisco, together with the states of Chihuahua, Durango, Michoacán,
and Oaxaca account for more than 60% of the timber production in Mexico [25]. Jalisco ranks
third in total stem tree volume produced, with Talpa de Allende municipality an important
contributor (14%) to the timber produced [26]. The biological importance of forests in Talpa
de Allende region was recently recognized with the establishment of natural areas with
protection statuses, such as state parks and watersheds areas [27]. Forestry, agriculture,
and religious tourism are important economic activities in this rural area [21](166–206).

Illegal logging, forest fires, and irregular agricultural expansions are the leading causes
of environmental degradation in western Mexico and in the Talpa de Allende region [28].
Community perceptions have indicated that water resources and air quality deterioration
are the leading environmental conflicts affecting their quality of life. Soil erosion and exces-
sive logging are also important environmental problems that communities are currently
facing [2]. The environmental knowledge that inhabitants of an ecosystem possess might
affect the perceptions of natural resources degradation and, in turn, their capacity to react,
prevent, or end biodiversity and ecosystems loss [18,29].

Thus, identification of gaps in environmental knowledge and perceptions can inform
and guide management policies as well as the response of society to biodiversity threats
and conservation efforts. Indices can summarize the complexity of the collected data and
provide information that can be used to guide actions for the society and the environment in
a region [18]. An environmental index can be developed as a practical and robust indicator
for synthesizing knowledge related to the environment [3,5,18,19,30,31], considering that
no current consensus exists as to how measure environmental knowledge [7,9,14,16,32–34].
Indices to evaluate environmental knowledge can be applied to generate indicators of envi-
ronmental knowledge appropriate for different natural ecosystems, to determine the factors
that impact environmental knowledge, and to track shifts in knowledge over time [29,35].

This study aims to understand the environmental knowledge of inhabitants living
in a highly biodiverse mountainous region with an important economic forestry sector.
Accordingly, the following research questions guide this research: How to represent en-
vironmental knowledge from a population by using indices in a mountainous region?
What are the most important factors determining the indices of environmental knowledge?
To achieve this objective, first, indices that represent environmental knowledge are devel-
oped and characterized, and secondly, the determinant factors of environmental knowledge
are identified.
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2. Materials and Methods
2.1. Study Area

The study was conducted in Talpa de Allende, a rural municipality, conformed by a
small capital town and interior communities. The municipality is located in central-western
Mexico in the state of Jalisco (Figure 1), and is situated along a mountainous region (Sierra
Madre del Sur) with proximity to the Pacific coastal plain, between geographic coordinates
20.04271–20.51096 N and 104.75533–105.20027 W. It is the fifth largest municipality of
Jalisco (out of 125), with an area of 2685 km2. Elevation ranges from 200 to 2700 m, and has
a mean annual precipitation of 1600 mm and mean annual temperature of 20 ◦C [36].
The region is primarily composed of pine forests, pine-oak forests, and cloud forests. These
forests contain a larger number of tree species, as well as endemic and endangered plants
than other areas in Jalisco that have been exploited and plundered illegally [24,28] The
environmental conflicts for this region have been studied [2]. A natural protected area,
with no residing inhabitants, i.e., the Maple Forest State Park, was established to preserve
the biodiversity of this municipality; and there is already a proposed natural area for
conservation, i.e., the Sierra El Cuale Watershed Protection Area [21].
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2.2. The Survey

Surveys were conducted in March 2018 and February 2021. The 2021 survey was not
affected by the SARS-CoV-2 pandemic since most restrictions were already lifted in the state
of Jalisco. The surveys were part of a long-term study of the interaction between society
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and the environment, started in 2017, with initial funding from the environmental agency
of the Jalisco state [37]. Surveyed inhabitants included both residents of the capital town as
well as the interior communities (Figure 1). Surveyed inhabitants were required to have at
least two years of residence in the municipality of Talpa de Allende. The requirement of
residence allowed for control of the measurements and to account for the criteria that the
population’s perceptions about the environment were partly forged by their experiences
with the environment. The survey was reviewed for missing information immediately after
completion. If survey participants left any questions unanswered, follow-up questions
were asked in order to inquire into any question that was left unanswered. If the participant
refused to answer the missing questions, the survey was discarded in downstream process-
ing. This procedure for quality control generated a greater number of useful observations
in the statistical analyses.

Sample selection was implemented using a random sampling procedure that could
generate robust statistical inferences when there is no theoretical foundation for segmenta-
tion. This generates equal probability of selection to all elements of the population and,
thus, equal weights to the surveyed individuals [38]. By randomly sampling, biases and
opinions that could overvalue or undervalue the measurements were reduced, and conse-
quently, the obtained sample was able to include a more representative dataset from the
residing population. An extraordinary effort was made to collect data from the interior
communities of the municipality, which were only accessible by special 4 × 4 vehicles, since
the roads of mountainous terrains were not regularly maintained. The obtained samples in
2018 and 2021 represented the municipality, as the capital town and interior communities’
inhabitants had equal probability of being recruited [2,37]. This provided enough variation
in the representative data for conducting the statistical analyses [38,39].

Sample sizes were determined based on the minimum observable percentage
difference [2,40]. For both years, 2018 and 2021, a sample size of 116 observations was
determined taking into consideration 10% as the minimum observable percentage difference,
error type I of 5%, and a statistical power of 80%. In 2018 the survey resulted on 168 observa-
tions whereas, in 2021, 138 observations were obtained. These obtained samples generated a
minimum observable percentage difference of 7.1 and 8.5% in 2018 and 2021, respectively.
The obtained number of observations in the samples were greater than the estimated sample
size required for the study. Despite the small imbalances in the number of observations,
they were sufficient, since our study area is a municipality within the state of Jalisco in Mexico.
The obtained samples were acceptable considering that in studies representing metropolitan
areas with larger populations such as Montreal and Mexico City, between 50 and 60 observa-
tions have been used for regression analyses [41]; moreover, studies representing Argentina
and Colombia have used 168 and 130 observations, respectively [18].

2.3. Survey Data

Inhabitants were asked about environmental knowledge in a subset of 10 item ques-
tions. Responses could vary between one to 10 in the Likert scale. The scale of the item
questions was such that ten meant the person perceived the evaluated environmental
relationship to be most truthful according to the degree of agreement and disagreement.
The survey requested answers with the following instruction: “Rate from 1 to 10 the fol-
lowing sentences about the environment (1, disagreement and 10, agreement)”. In this
way, the questions were designed to capture more environmental knowledge as they were
scored higher (Table 1). The items were written at a basic level of environmental knowl-
edge, and therefore, the responses were comparable across individuals and survey years
at the municipal level. Previous research has indicated that when items were at a high
level of environmental knowledge, individuals from all the levels of knowledge had diffi-
culty responding to the item [18,19]. The items were developed to capture basic, relevant,
and general environmental knowledge according to the ecosystem of the municipality of
Talpa de Allende, which is primarily rural and mountainous [2,24,37]. The major question
topics included were about forest fires, water supply, logging, rivers, fauna, rain, the legal
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system, and water quality. These topics not only captured general environmental knowl-
edge but also local knowledge according to the ecosystem of the study area [21]. Moreover,
since the economic sector of tourism was an important contributor to the environmental
conflicts of the municipality [37], tourism was also included on question seven (Table 1).

Table 1. Survey item questions for the elaboration of environmental knowledge indices.

No. Original Item Questions in Spanish and Corresponding English Translation Variables

1 Los incendios forestales frecuentes provocados por el hombre disminuyen la calidad de los bosques. EK1
Frequent human-induced forest fires decrease the quality of forests.

2 El abastecimiento de agua está ligado al uso eficiente de los recursos naturales. EK2
The water supply is linked to the efficient use of natural resources.

3 La tala de árboles excesiva y no ordenada causa perdida de las áreas boscosas. EK3
Excessive and uncontrolled logging causes loss of forested areas.

4 La calidad ambiental de un río está sujeta a la vitalidad del bosque. EK4
Environmental quality of a river is related to the vitality of the forest.

5 El abastecimiento del agua potable depende de la vitalidad del bosque. EK5
The supply of drinking water depends on the vitality of the forest.

6 La protección de la fauna depende de la vitalidad del bosque. EK6
The fauna protection depends on the vitality of the forest.

7 El turismo irresponsable incide en la deterioración del medio ambiente. EK7
Irresponsible tourism contributes to the deterioration of the environment.

8 Las lluvias son influenciadas por los bosques. EK8
Rain is influenced by the forests.

9 La calidad del ambiente depende de la aplicación de las leyes. EK9
The quality of the environment depends on the application of the laws.

10 El abastecimiento del agua potable depende de la calidad ambiental de los ríos y riachuelos. EK10
Drinking water supply depends on the environmental quality of rivers and streams.

Note: These item questions were exactly the same for the 2018 and 2021 surveys. Individuals were asked to grade
them on a 1–10 scale.

The current literature is not conclusive as to how environmental knowledge should be
measured, in part, because of the diversity of ecosystems, populations, and investigation
objectives [7,9,14,30,32–34]. During the development stage of the survey items, the literature
on environmental knowledge was consulted [3,5,18,19,30,31]. Hence, in this study, the items
were developed at a basic level of knowledge using unambiguous language [18,19,31].
The response ranges were chosen so that numeric data were generated that would allow
for quantitative analyses in a long-term study in the study area [2,37].

The survey included a set of questions to evaluate perceptions as follows: Perceptions
of the role of the municipality to conserve the environment (Municipality), the quality
of life (QOL), and the environment as a determinant factor on quality of life (PEDQOL)
were surveyed with the 1–10 scale previously mentioned [2]. The perceived environmental
conflicts were evaluated with nine questions, rated 1–10, in which 10 implied the conflict
was assessed as very severe; the topics included excessive logging, water scarcity, forest
fires, air quality deterioration, deterioration of water quality in rivers and streams, infre-
quent rains, loss of fauna in forests, irresponsible tourism, and soil degradation. Detailed
descriptions of these measurements are found in [2].

Individuals were also asked to provide age, gender, income level, and education level.
Age was recorded as the number of years of age expressed by the individual. Gender
was recorded as female or male. Income was recorded according to the income category
selected by the individual from five categories of monthly income, in Mexican pesos (lower
than 10,000; between 10,000 and 20,000; between 20,000 and 30,000; between 30,000 and
50,000; and more than 50,000). Education was recorded as the highest attained degree of
education of the respondent.

2.4. Data Analysis

Two indices of environmental knowledge were developed based on information from
the 10 questions EK1–EK10 (Table 1) that included a myriad of topics designed to represent
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environmental knowledge of residents. The first index was constructed based on an average
scale [2]. This type of index was also used to quantify local importance of a particular
knowledge from survey data [42]. The second index used principal factor analysis to obtain
factor regression scores [43]. In contrast to index by the average scale, estimation of factor
scores was performed for the pooled data using the 2018 and 2021 surveys, as well as for
individual surveys for each survey year because of the multivariate nature of factor analysis.

Cronbach’s alpha and cumulative explained variation metrics were used to evaluate
both indices [44,45]. Additionally, Kaiser–Meyer–Olkin statistics were obtained [46]. Later,
both indices were used as dependent variables in the regression analysis by ordinary
least squares and quantile regression, both were estimated with bootstrapped standard
errors. Quantile regressions were implemented because varying parameter estimates over
different percentiles of the conditional distribution of the indices could be generated [47].
Accordingly, quantile regressions results were obtained at different percentiles (10, 25, 50,
75, and 90) for evaluating the effects of the independent variables at low, medium, and high
levels of environmental knowledge.

The independent variables used to explain the indices of environmental knowledge
were age, gender, income, education, QOL, municipality, and PEDQOL. Age was recorded
as the number of years. Gender was registered as a binary variable recorded as: females
assigned the value of one and males assigned the value of zero. Education was recorded as
the number of years that a person took to attain their highest level of education. Income
was evaluated as a binary variable, where the value 0 was assigned to people who received
a monthly income of 10,000 Mexican pesos (500 USD) or less and the value 1 was assigned
to people who received an income greater than that amount. Traditionally, income is mea-
sured as a continuous variable or as a variable with diverse income categories; however,
the binary categorization was implemented because the inhabitants of the municipality
were wary of organized crime and common violence, which caused them to be unwilling to
elucidate their real incomes. The expectation was that using simple income categories that
did not make individuals feel as potential targets of violent events would reduce the bias
in their responses. To prevent multicollinearity among independent variables, the average
perception on the nine measurements of the identified environmental conflicts was cal-
culated to represent conflicts. This variable was named conflict. Since the second survey
was conducted in February 2021, to control for any possible effect from the SARS-CoV-2
pandemic that would impact our results, the time effect of the pandemic was considered on
the regressions with aggregated data. Thus, temporal change on environmental knowledge
was evaluated with a binary variable named time effect. Accordingly, the observations from
the 2018 survey were recorded with zeros, and otherwise, the value of one was assigned.
Multicollinearity of the independent variables was evaluated as well as the homoscedastic-
ity and normality of the regression residuals. Data analysis for this research was conducted
on the software Stata SE [48].

3. Results
3.1. Descriptive Statistics of the Variables

Descriptive statistics of the variables for the 2018 and 2021 surveys are shown sepa-
rately in Table 2. In 2021, respondents were, on average, 36 years of age, while in 2018,
they were relatively younger, with an average age of 32 years old. Surveyed inhabitants
in 2021 had more educated with 14 years of education, on average, while in 2018, they re-
ported 11 years. The survey in 2021 had a more balanced gender gap with 53% female
respondents, whereas in 2018, the survey had 58%. Respondents registered higher incomes
in 2021, 41% reported monthly income greater than 10,000 Mexican pesos (approximately
500 USD) in contrast to 2018 where 19% of surveyed inhabitants reported such incomes.
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Table 2. Descriptive statistics from the 2018 and 2021 surveys.

Variables 2018 Survey 2021 Survey

n = 168 n = 138

Mean Std. Dev. Mean Std. Dev.

EK1 9.09 1.58 8.54 2.27
EK2 8.40 1.76 8.25 2.28
EK3 9.08 1.51 8.69 2.09
EK4 8.52 1.76 8.44 2.24
EK5 8.21 2.10 8.12 2.45
EK6 8.43 1.95 8.33 2.27
EK7 8.25 2.05 7.54 2.91
EK8 8.21 2.29 8.06 2.41
EK9 8.05 2.13 7.48 2.64
EK10 8.57 2.06 8.36 2.25
Age 32.50 17.48 36.57 15.52

Gender 0.58 0.50 0.53 0.50
Income 0.19 0.39 0.41 0.49

Education 11.42 3.35 13.84 3.43
Conflict 6.98 1.66 6.50 1.68

Municipality 6.31 3.07 6.23 2.90
QOL 7.72 1.84 7.71 1.58

PEDQOL 8.04 2.02 7.35 2.41
Note: The variables EK1 through EK10 are described in detail on Table 1. QOL, perception of quality of life;
PEDQOL, perception about how determinant is the environment for quality of life. Further details are found in
the methodology section.

The descriptive statistics of the variables revealed quantitative changes in the evalua-
tions to questions about environmental knowledge (EK1–EK10) between the 2018 survey
and the 2021 survey (Table 2). In general, surveyed residents, on average, responded lower
on ten questions on the 2021 survey as compared with on the 2018 survey. On average,
they gave the highest grading to the question on forest fires and quality of forest areas (EK1)
on the 2018 survey, while on the 2021 survey, the highest was the question about logging
and reduction in forest areas (EK3). However, it is notable that these questions occupied the
second place in the years that they did not occupy the first place. In contrast, the question
on environmental quality and the enforcement of the laws (EK9) was consistently graded
the lowest on both survey years (Table 2).

The descriptive statistics of environmental perceptions indicated that perceptions
about the responsibility of the municipality to conserve the environment did not change
much, shifting on average from 6.31 (in 2018) to 6.23 (in 2021). However, the perceptions
of surveyed inhabitants of their own QOL were very stable, an average of 7.72 (in 2018)
and an average of 7.71 (in 2021) (Table 2). In contrast, the overall maintained perception on
environmental conflicts as measured by the variable “conflict” shifted from an average of
6.98 (in 2018) to an average of 6.50 (in 2021) (Table 2).

3.2. Environmental Indices

The questions on environmental knowledge (EK1–EK10) were used to develop two
indices to represent environmental knowledge (Table 1). These indices were obtained
from the average responses and by the factor scores from the factor analysis (Table 2).
The correlation between both indices was above 0.99 for the 2018 and 2021 surveys as well
as for the aggregated data corresponding to both surveys. Nevertheless, as expected, both
indices displayed some differences on their respective descriptive statistics (Table 3).
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Table 3. Descriptive statistics of environmental knowledge indices.

Variables Obs Mean Std. Dev. Min Max

2018
Index by average 168 8.48 1.45 3 10

Index by factor scores 168 0.00 0.97 −3.75 0.99
2021

Index by average 138 8.18 1.63 3.7 10
Index by factor scores 138 0.00 0.95 −2.66 0.99

2018 and 2021 pooled data
Index by average 306 8.35 1.54 3 10

Index by factor scores 306 0.00 0.96 −3.38 0.99
Note: The indices were generated for the 2018 and 2021 surveys as well as for the corresponding pooled data.

The first index measured the average on the ten questions (EK1–EK10) responded to
by residents of the municipality. The average response decreased from 8.48 in 2018 to 8.18
in 2021 (Table 3). This is consistent with the overall observed change in the responses to
the questions. The indices both exhibited some differences on their distributions, although
for the 2021 survey, the standard deviation changed to 1.63 in 2021 as compared with
1.45 in 2018, even though the minimum value shifted from 3.0 in 2018 to 3.7 in 2021
which reduced the range of its distribution (Figure 2). The Cronbach’s alpha statistics
were calculated for the interitem correlations of the pairs of variables used in the index
of environmental knowledge by average (EK1–EK10). These variables were used in the
average index in the summative score of the items. The central idea of this statistic was
that as the Cronbach’s alpha approximates one, the random sample of unweighted items
measure the same unobserved factor and, in our case, the same theoretical concept of
environmental knowledge [44]. The Cronbach’s alpha reached 0.89 for the whole set of
observations from the 2018 and 2021 combined surveys, while 0.91 was reached for the 2018
sample and 0.87 for the 2021 sample. With a statistic score above 0.8, the Cronbach’s alpha
statistic shows that the variables used in the index of environmental knowledge are highly
reliable. Moreover, these statistics implied high levels of correlation of the summatory scale
formed by the variables with the underlying factor, i.e., 0.95 for 2018, 0.93 for 2021, and 0.94
for the combined 2018 and 2021 samples.

The index of environmental knowledge obtained by factor analysis did not change
its average of zero in both the 2018 survey and the 2021 survey (Table 3). The standard
deviations of the factor scores, in contrast to the previous index, were steadier during the
study period (0.95 in 2021 and 0.97 in 2018). Similar to the index by average, the minimum
shifted from -3.75 in 2018 to -2.66 in 2021, which changed its distribution range (Figure 2).
For this index, the variables EK1–EK10 were evaluated for the number of factors in the prin-
cipal factor analysis. According to the overall Kaiser–Meyer–Olkin statistic, the 2018–2021
data was suitable for factor analysis, as it reached 0.89 as the measure of sampling ade-
quacy, indicating that the proportion of variance could be caused by an underlying factor.
The overall Kaiser–Meyer–Olkin statistics for 2018 and 2021 were 0.92 and 0.83, respectively.
It was found that one linear combination of the variables contributed to the containment
of high levels of accumulative variance. For the 2018 and 2021 pooled data, it was found
that 92% of the variance was explained with one factor, whereas, separately, the 2018 data
reached 95% and the 2021 data reached 85%. Finally, in the three aforementioned factor
analyses, only one eigenvalue was greater than one, and with the accumulative explained
variance with one factor. Taken together, this empirical evidence points to the unidimen-
sionality of the evaluated data. Consequently, this indicates that no other conceptualized
variables, other than environmental knowledge, was measured.
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Figure 2. Distributions of environmental knowledge indices. Estimation, by average, for each
respondent took the mean value for the 10 item questions, EK1–EK10; these were also used for the
estimation of factor scores generated from the combined 2018 and 2021 surveys, and separately.

The estimated environmental knowledge indices for the respondents were graphically
presented. The histograms of the environmental knowledge indices revealed very simi-
lar distributions of their respective data (Figure 2). In general, respondents had greater
disparities on their concentration in the index by average as compared with the indices
by factor analysis. It is important to observe the left skewed distributions of the indices;
consequently, there is a moderately higher concentration of sampled inhabitants at higher
percentiles in the 2018 indices, and accordingly, a relatively higher concentration of respon-
dents at lower percentiles in the 2021 indices. Hence, more respondents were concentrated
at lower percentiles in 2021 as compared with those surveyed in 2018, across both indices
(Figure 2). These differences may be due to changes that were occurring at the population
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level, and this would imply a change in environmental knowledge in the period 2018–2021
in this region, as it was demonstrated in the descriptive statistics (Table 3).

3.3. Estimation of Relationships Determining Environmental Knowledge

Regression analyses were conducted to determine which variables might have an
influence on environmental knowledge. The estimation of parameters was accomplished
firstly by ordinary least squares (Table 4) and the inferences were made with estimated
bootstrapped standard errors. The generated indices were utilized as the dependent
variables in three sets of regressions. The first set corresponds to the 2018 survey data,
the second set used the 2021 data, and the third set used the 2018 and 2021 pooled data.
The coefficient of determination R2 ranged from 0.25 to 0.343.

Table 4. OLS regression parameters for environmental knowledge indices.

Variables Index by Average Index by Factor Scores

2018 2021 2018 and 2021 2018 2021 2018 and 2021

Age 0.017 ** 0.01 0.013 ** 0.011 ** 0.006 0.008 **
Gender 0.083 −0.28 −0.07 0.088 −0.17 −0.037
Income 0.03 0.16 0.125 0.065 0.083 0.089

Education 0.067 * 0.118 *** 0.085 *** 0.043 * 0.063 *** 0.049 ***
Conflict 0.097 0.122 0.133 ** 0.06 0.063 0.078 **

Municipality −0.005 0.083 * 0.027 −0.007 0.049 * 0.016
QOL 0.07 0.158 * 0.109 ** 0.047 0.099 ** 0.068 **

PEDQOL 0.345 *** 0.159 ** 0.240 *** 0.231 *** 0.086 * 0.144 ***
Time effect −0.363 ** −0.192 *
Constant 3.17 *** 2.55 *** 3.23 *** −3.52 *** −3.15 *** −3.07 ***

BIC 577.799 524.624 1088.329 439.543 381.719 806.052
AIC 549.684 498.279 1051.093 411.427 355.373 768.817
R2 0.34 0.279 0.281 0.343 0.25 0.257
N 168 138 306 168 138 306

Note: For each index, the estimation was performed for the 2018 and 2021 surveys, as well as for the corresponding
pooled data. QOL, perception of quality of life; PEDQOL, perception about how determinant is the environment
for quality of life. Further details are found in the Methodology section. The standard errors were estimated
with bootstrapped samples. BIC, Bayesian information criterion; AIC, Akaike information criterion; * p < 0.1,
** p < 0.05, *** p < 0.01.

The ordinary least squares estimation revealed the importance of education and
PEDQOL, followed by age and perceptions of QOL. In all the regression analyses, education
consistently had a positive and statistically significant effect on environmental knowledge,
in both indices and both survey years. Likewise, the effects of PEDQOL were statistically
significant and positive (Table 4). Less conclusive were the effects due to the perceptions of
conflict and perceptions of the environmental responsibility of the municipality (Table 4).
Age had no significant effect on the 2021 survey in both indices, but had a positive and
significant effect in the 2018 and pooled data.

The regression results also indicated that environmental knowledge was also positively
affected by QOL. Although the effects were not statistically significant in 2018, the effects
were statistically significant in 2021 for both indices (Table 4). Moreover, the effect on the
environmental knowledge index by average shifted from being significant at the 10% level
of significance to being significant at the 5% level of significance from the sample of 2018 to
the combined 2018 and 2021 samples. This may be due to greater sample size and possibly
due to relatively low sensitivity of the 2018 results; however, the descriptive statistics of
QOL revealed higher variation in 2018 (Table 2).

Temporal change in environmental knowledge was evaluated through the regressions.
The binary variable time effect was negative and statistically significant at the 5% level of
significance on the index by average and was significant at the 10% level of significance
on the index by factor scores. These results point at the changing nature of environmental
knowledge in a population. In this study, environmental knowledge decreased significantly
in the 2018–2021 period after controlling for other variables (Table 4).
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Perceptions of conflict played a less important but positive role in the determination
of environmental knowledge. The effect did not achieve statistical significance in 2018 or
in 2021. However, the effect was significant at a 90% level of confidence in the combined
2018–2021 surveys (Table 4). Based on this empirical evidence, it is not clear whether
experiencing increasing environmental conflicts has a positive cumulative effect on the
attained environmental knowledge (Table 4). Likewise, the perceptions of environmental
responsibility of the municipality were weakly significant in the 2021 survey. This is in
direct contrast to the effects of gender and income, whose effects were not statistically
significant even at the 10% level of significance, neither on the index by average nor by
factor scores.

The quantile regression results utilized the pooled data from the 2018 and 2021 surveys
to evaluate the sensibility of the parameters at different percentiles of the distribution of the
indices of environmental knowledge (Table 5). Perceptions of conflict were more sensitive
in the index by factor scores as compared with the index by average. The variable conflict
was significant at a 5% level of significance at the 10th and 25th percentiles in the index by
average. Meanwhile, in the index by factor scores it reached statistical significance at the
10th and 75th percentiles, at 95 and 90% levels of confidence (Table 5). From these results,
it can be inferred that the effect of conflict declined as more environmental knowledge was
attained (Figure 3).

Table 5. Quantile regression parameter estimates of environmental knowledge indices.

Variables Percentiles

10 25 50 75 90

Index by average
Age 0.006 0.014 0.008 0.012 * 0.004

Gender 0.225 −0.126 −0.266 −0.111 −0.037
Income −0.033 0.07 0.307 0.126 0.044

Education 0.139 ** 0.053 0.038 0.056 ** 0.037 **
Conflict 0.376 *** 0.210 ** 0.091 0.073 0.02

Municipality 0.047 0.037 0.012 0.019 0.003
QOL 0.161 0.068 0.056 0.052 −0.003

PEDQOL 0.301 *** 0.337 *** 0.325 *** 0.207 *** 0.069 *
Time effect −0.345 −0.554 ** −0.09 −0.147 −0.036
Constant −1.743 2.013 * 4.317 *** 5.601 *** 8.545 ***

Index by factor scores
Age 0.008 0.010 * 0.007 * 0.008 ** 0.003

Gender 0.114 −0.071 −0.113 −0.09 −0.005
Income −0.071 0.032 0.152 0.091 0.024

Education 0.080 * 0.033 0.025 0.031 ** 0.020 **
Conflict 0.236 ** 0.095 0.054 0.055 * 0.005

Municipality 0.021 0.029 0.003 0.007 0.002
QOL 0.091 0.072 0.024 0.029 −0.009

PEDQOL 0.189 *** 0.230 *** 0.173 *** 0.107 *** 0.028
Time effect −0.242 −0.356 ** −0.017 −0.028 −0.014
Constant −6.199 *** −4.141 *** −2.228 *** −1.521 *** 0.355

Note: The quantile regressions used the pooled data from the 2018 and 2021 surveys. QOL, perception of quality
of life; PEDQOL, perception about how determinant is the environment for quality of life. Further details are
found in the Methodology section. The standard errors were estimated with bootstrapped samples. * p < 0.1,
** p < 0.05, *** p < 0.01.

The positive effects of education were statistically significant at the 10th, 75th, and 90th
percentiles for both indices. Its effect was relatively more homogeneous in terms of its
significance as compared with the variable conflict. The effects of education were consistent
with the results from ordinary least squares regressions; however, it is plausible that at
intermediate percentiles of environmental knowledge, experience with conflicts takes
slightly more importance than education (Table 5).
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The effect of age was significantly different from zero at the 75th percentile at the
10% level of significance in the index by average. In contrast, the effect of age in the
index by factor scores was statistically significant, nevertheless, it was not significant at the
10th and 90th percentiles (Table 5). In contrast, the parameter of PEDQOL not only was
positive and statistically significantly different from zero in both indices, but, the parameters
in general, were relatively stable across the evaluated percentiles as no major shift was
distinguished (Table 5).

Gender, income, and QOL did not have significant effects on environmental knowledge
using the results from both indices and across different percentiles (Table 5). Likewise,
the parameter for the perceptions of environmental responsibility of the municipality had
no significant impact on the indices of environmental knowledge (Table 5). Nevertheless,
graphically, such effect reached a peak at approximately the 15th percentile, and from
that point forward it diminished (Figure 3). These results imply that the perception of the
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municipal government held by citizens in terms of environmental responsibility may have
a higher impact on those inhabitants with lower environmental knowledge (Figure 3).

The variable time effect was consistently negative across percentiles and indices,
similar to the ordinary least squares regressions. It was only statistically significant at
the 25th percentile, different from zero at a 5% level of significance for both indices. This
suggests that the observed reduction in environmental knowledge occurred at lower
percentiles in the period 2018–2021, meanwhile, higher percentiles did not experience a
significant change (Figure 3).

4. Discussion
4.1. Indices of Environmental Knowledge

The prevalent environmental knowledge of inhabitants of the studied mountainous
region consists of the effects of forest fires and excessive logging. Together, both issues
are the most known environmental relationships during the three-year period. Frequent
human-induced forest fires are a recurring event, and it is often related to the agricul-
tural system of the region. Thus, it is expected that the community has incorporated an
understanding of the phenomenon. It is possible that the current trend of excessive and
illegal logging, which has dominated the region since 2016, has increased the interest of the
community in both issues [2,28]. The histogram distributions of environmental knowledge
indexes indicated a relatively high level of environmental knowledge held by inhabitants
from the municipality, at the population level. The distributions had a noticeable high
proportion of individuals to the right, implying skewness to the left, and a relatively smaller
proportion of individuals with lower environmental knowledge [48,49].

Survey data from 2018 and 2021 were used to develop indices of environmental
knowledge considering the extant literature [3,5,7,9,14,16,18,19,30–34]. As expected, both
indices by average and through factor analysis were able to represent environmental
knowledge from multiple measurements of environmental relationships as perceived by
survey respondents. The provided empirical evidence showed these indices can be used to
model environmental knowledge, and to not only monitor such measurements but also to
evaluate what influences them [50]. However, there was some disparity in the distribution
of the indices generated by average as compared with the indices that were developed by
factor analysis. Specifically, at intermediate quantiles in a year-by-year comparison the
factor scores showed similar distributions to the indices that were generated by average.
This is perhaps due to the measurements themselves, as the average was taken at the
inhabitant level, while the factor scores from the factor analysis takes into consideration the
variation of all the observations in the corresponding sample [45,51]. Furthermore, even
though the indices by average and the indices by factor analysis were highly correlated,
the indices by factor analysis performed better at generating significantly stable parameter
results across percentiles of environmental knowledge in quantile regressions, even though
both types of indices performed equally well in regressions by ordinary least squares.

Therefore, an index by factor scores slightly outperformed an index by average.
Nevertheless, both types of indices are recommended for characterizing environmen-
tal knowledge, and the index by average could be interpreted as a robustness check.
In regressions for instance, the index by average allowed the determination of the consis-
tency of the statistical significance of the estimated parameters with factor score indices.
Moreover, such robustness checks were improved in quantile regressions, as the stability of
the parameters was evaluated at varying percentiles of the dependent variable [47]. All in
all, the developed indices were able to represent and measure the theoretical concept of
environmental knowledge. Likewise, the indices presented had enough variation, and
were evaluated and monitored over time in this research, i.e., in 2018 and 2021 [29,31,42,52].

4.2. Determinants Factors

The descriptive statistics indicated, on average, a small decline in environmental
knowledge from 2018 to 2021, even though, on average, the sampled individuals had
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attained more years of education. However, the statistical regression analyses demonstrated
that education had a positive relationship with environmental knowledge as measured by
the index by average and the index by factor analysis.

As residents of Talpa de Allende attain more education, it is expected that more
environmental knowledge will accumulate, while all other factors are maintained constant.
Higher levels of environmental knowledge related to a higher formal educational level were
also documented in the biodiverse region of southeastern Mexico, such knowledge allowed
inhabitants to link different ecological processes that affected them [19]. An understanding
of ecological systems can improve in a region not only through formal education but also
through experiences with the rural and mountainous settings of the region. These regional
differences were documented in a similar rural region nearby a natural protected area [20].
The knowledge acquired by different sources, from either formal or informal education,
explained the ecological knowledge of inhabitants in a natural area of Spain [7]. In contrast,
in this study, the presented statistical results showed that inhabitants who experienced
more environmental conflicts were more environmental knowledgeable; however, these
conflicts were more important for those individuals at lower percentiles of environmental
knowledge. From these results, it can be inferred that knowledge and conflict could
possibly be affecting each other simultaneously, and this deserves future investigation [2,53].
Environmental knowledge was positively affected by age according to the regression results,
both by ordinary least squares and quantile regressions, maintaining other independent
variables constant that also included the time effect variable for survey years 2018 and 2021.
The effect of age was obtained despite, on average, respondents were slightly older with
relatively less environmental knowledge in 2021 as compared with in 2018. This did not
change the interpretation of the effect. The descriptive statistics do not consider controlling
independent variables when a change in a variable is analyzed. In other words, unlike
statistical regression analyses, descriptive statistics cannot provide statistical inferences
about the effect of a variable into another variable, since it is not possible to estimate the
covariance among variables and parameters for evaluating hypotheses about the effects of
independent variables [47,48].

The presented results show that as people become older the more environmental
knowledge they retain. This would suggest that educational programs aimed at increasing
environmental knowledge might have greater effects in younger individuals, as adults
are more likely to have fewer knowledge gaps that need to be reinforced. These results,
maintaining other determining causes constant, imply that older people, in general, would
have significantly more environmental knowledge than younger people. The loss of knowl-
edge in younger generations from rural areas has been documented in the neighboring state
of Michoacán. This region has experienced a significant degradation of its natural habitat,
which could explain the almost total environmental ignorance among its inhabitants [33].
Thus, older people in Talpa de Allende have more environmental knowledge than younger
people, maintaining other factors constant.

The perception that the environment determines quality of life was related to the
attained environmental knowledge of the inhabitants. The indices both showed that
increasing levels of environmental knowledge were experienced by those individuals
that were more aware that their quality of life was being determined by the environment.
The perception of quality of life related to the environment has become more significant
over time [2]. This pattern is more evident in rural areas since the availability of natural
resources is related to a healthy ecosystem [54]. In the case of Talpa de Allende, a rural
municipality, it is likely that as the environment deteriorates it might generate a lower
quality of life [28].

The environmental knowledge indices suggested a decline of environmental knowl-
edge in the population during the study time period. Although knowledge is evolving over
time, a number of factors could contribute to the decline, a process that has been studied
in traditional environmental knowledge [32]. Studies have identified possible causes for
the decline of such knowledge, including formal education, occupational change, habitat
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degradation, age, and gender, among others [31,32]. While the current trends of habitat
degradation in western Mexico are high, the age factor could better explain the slight
decline in environmental knowledge, where older people accumulated more knowledge
than the younger age groups. A knowledge gap between younger and older people has also
been found in a short-time-span study that concluded that there was knowledge erosion
over time [29] It is not clear whether the change in the environmental knowledge in Talpa
de Allende is a fluctuation accurately recovered by the indices for a three-year period or
part of a consistent trend of decline. It is, thus, necessary to continue to monitor it over a
longer time span. Future research should study the underling factors causing the declining
trend in environmental knowledge or determine whether the observed decline is just a
transitory change.

5. Conclusions

In this research, two indices of environmental knowledge were developed and evalu-
ated utilizing survey data in the 2018–2021 period. One index was estimated by average
and a second index was estimated through factor analysis. The developed indices were
able to represent environmental knowledge, and the determinant factors that influenced
them were disentangled.

The indices were both able to represent, in a summarized manner, the environmen-
tal knowledge that survey participants possessed. However, the index by factor scores
outperformed the index by average in its capacity to generate statistical significance of
independent variables in regression analyses; thus, the index by average is recommended
as a robustness check since both indices were highly correlated. By using both indices,
environmental knowledge of a population can be measured and monitored over time.

The factors influencing environmental knowledge were evaluated using regression
analyses. Age and education were factors that had important effects on environmental
knowledge but income and gender repeatedly had no effect. Additionally, environmen-
tal conflict perceptions and self-perceived quality of life did exert effects on the level
of knowledge that inhabitants had about their environment. Therefore, both indices
were useful in regression analyses for identifying the determinant factors that influenced
environmental knowledge.

In the studied period and according to the presented empirical evidence, there was
a decline in environmental knowledge as measured by the indexes. This decline was not
explained by either demographic or socioeconomic factors considered in the analyses.
Thus, future research should investigate the direct causes that can produce a decline in
environmental knowledge attained by citizens, and determine whether the decline is
transitory or permanent.
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