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Abstract: Environmentally friendly behaviour and the equitable and sustainable use of natural
resources can contribute to solving various environmental, economic, and social problems in different
countries. The analysis of the perception of young students is important because schools are suitable
for educating future generations and shaping their attitudes to also include a greater concern for
the environment. This research aims to determine the degree of influence that a series of Likert-
type questions of knowledge, attitudes, and behaviours about sustainable development has on a
series of items of the student profile (gender, age, course, and household members) in a developing
country. For this, an artificial neural network is used that allows us not only to quantify the degree of
influence but also to obtain an estimation of the student’s profile according to the responses obtained
on sustainable development. The network developed allows us to obtain, through a determined
collection of answers to questions about sustainable development, the estimation of a specific profile
of a student from a developing country. This can be useful to educational communities interested
in optimising economic resources through sustainable development, allowing them to know which
issues they should focus more (or less) on according to the profile of the student they are targeting.

Keywords: sustainability; sustainable development; sustainable economy; economic resources;
education; developing countries; students; multilayer perceptron; artificial neural networks

1. Introduction

Fair consumption, responsible production, environmentally friendly behaviour, and
the equitable and sustainable use of natural resources can contribute to solving various
environmental, economic, and social problems in different countries [1], such as pollution,
climate change, the loss of flora and fauna, and job creation, among others. All socio-
economic and environmental problems affect developing countries, in so far as they increase
social inequalities and poverty [2].

Issues such as the aforementioned mobilised international organisations, and thus the
term sustainability emerged: a type of development that can meet the needs of present
generations without compromising the needs of future generations [3]. The complexity of
sustainability from a socio-economic and environmental perspective requires the imple-
mentation of strategies to face all the challenges involved in achieving it [4]. Education is
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one of the main channels to face a region’s socio-economic and environmental problems,
especially to improve its sustainability in the short, medium, and long term [5].

The literature has revealed the importance of evaluating attitudes, behaviours, knowl-
edge, and intentions to participate in sustainable initiatives [6,7]. Different theoretical
backgrounds, such as the New Environmental Paradigm [8], the Scale of Attitudes and
Environmental Knowledge of Children [9], and the Model of Ecological Values [10], have
been used to develop different instruments that can evaluate aspects related to sustainable
development.

Other instruments to measure students’ attitudes [11], intentions to act [12], and
knowledge about sustainability [13] have also been developed. Other scales measure
students’ competencies, attitudes, and sustainable behaviours, which are based on several
UNESCO documents [14,15]. Currently, there is no consensus in the literature on the use of
a common tool that measures environmental and sustainable development attitudes due
to the different theoretical backgrounds that underlie the different approaches [16]. Thus,
there is a growing interest in quantitative research which measures competencies, attitudes,
and beliefs in education for sustainable development [17].

The analysis of the perception of young students is vitally important [18] because
schools are suitable for educating future generations and shaping their attitudes to also
include a greater concern for the environment. Previous literature has shown the need
to investigate the perception of sustainability in younger generations, as they are the
agents of change who will be affected by the environmental problems created by current
human activities [7]. Today’s students will have a great influence on the future state of
the environment, which makes the incorporation and institutionalisation of sustainability
matters in education highly relevant [19]. The importance of understanding students’
attitudes and behaviours towards the environment and finding effective ways to influence
these behaviours through education is, therefore, indisputable [19].

Analysing students’ perceptions of sustainable development in developing countries
such as the Dominican Republic is of great importance because these young people will
become the leaders who will have to develop strategies and actions in their professional
and personal lives. Being able to analyse students’ perceptions and propose alternatives
to improve their perception towards sustainability is essential because there is evidence
that knowledge about sustainability fosters good attitudes and behaviours in students,
as well as increasing their intention to engage in sustainable actions [20–24]. One of the
challenges teachers face regarding education for sustainable development is the inclusion
of even more content in an already overloaded curriculum [25]. Therefore, knowing the
weaknesses of students concerning education for sustainable development is relevant to
plan and implement effective actions that could strengthen existing weaknesses without
burdening the curricula.

This research aims to determine the degree of influence that a series of Likert-type
questions on knowledge, attitudes, and behaviours about sustainable development has
on a series of items of the student profile (gender, age, course, household members) in a
developing country. For this, an artificial neural network (ANN) is used that allows not only
to quantify this degree of influence but also to obtain an estimation or “composite picture”
of the student’s profile according to the responses obtained on sustainable development.
The application of ANNs in the estimation of sociodemographic profiles is recent and their
presence is still scarce in the literature [26–28].

To achieve the aim proposed, this work is structured as follows: first, a literature
review regarding attitudes and behaviours towards sustainability is made; second, the
methodology section explains the questionnaire procedure and the statistical instrument
employed. The results in this regard are presented in the next section, followed by a dis-
cussion comparing the latter with the literature revised; finally, the conclusions, including
theoretical and practical implications, as well as limitations and future lines of research,
are exposed.
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2. Literature Review

Attitude is the composition of beliefs, values, and feelings [29]. Emotions and attitudes
can affect students’ perceptions of their behaviour regarding sustainability [30,31]. Peo-
ple’s attitudes towards sustainability can be attributed to participation in environmental
organisations [32]. Thus, people’s attitudes determine their intentions and behaviours [22].
According to Çimer and Aydin [33], the development of individuals’ attitudes towards
sustainability influences their intentions and sustainable behaviours. Therefore, individual
sustainable attitudes affect the intention to participate in actions related to sustainable
development [24–34]. A person with sustainable attitudes can help motivate one or more
people to do so [35]. Kagawa [36] indicates that students are more likely to undertake sus-
tainable activities, such as recycling; saving energy and water; using public transportation;
and buying organic, fair trade, and healthy products.

Sustainable behaviour directly influences attitudes [37,38]. People’s attitudes towards
sustainability can be attributed to spending time outdoors [32]. It has been shown that
attitudes towards the environment have a significant and positive relationship with the
sustainable behaviours of college students [39]. Therefore, people who have positive
attitudes towards sustainability and the environment are more likely to develop sustainable
behaviours [24]. Ajzen [40] showed that behaviours are manifestations of individuals’ final
attitudes. Steg et al. [41] confirmed that aspects such as value and environmental attitude
influence people’s sustainable behaviours. Some studies indicate that there is a relationship
between behaviour in favour of the environment and environmental attitudes [20]. People
who care about the environment and natural resources tend to adopt sustainable attitudes
since they believe that protecting the environment is the right thing to do [42]. The intention
to adopt sustainable behaviours should increase when students have favourable attitudes
towards sustainable development; that is, when students think that behaving sustainably
is positive, their attitude towards sustainability will be more favourable [6].

The main determinant of a behaviour is the intention to act accordingly [43]. Thus,
sustainable behaviour directly influences people’s intentions [37]. People who favour
the environment through their behaviours also show greater support for activities and
actions in favour of the environment and sustainability [24]. Therefore, people’s behaviours
concerning sustainability influence their intentions to participate in actions related to sus-
tainable development [24]. The intention to participate in actions derived from sustainable
development should then increase when students get involved and show sustainable be-
haviours [6]. Favourable sustainable behaviours can optimise the intention to participate
in aspects related to sustainable development [21].

Environmental knowledge and attitudes in favour of the environment are highly
interconnected [19,44]. According to Michalos et al. [14], knowledge and attitudes are
strengthened by education programs. Knowledge about sustainability improves students’
attitudes and environmental awareness through a transformative learning process [23].
Thus, school sustainability programs can affect students’ knowledge and, in turn, their
environmental attitudes [45]. People’s attitudes towards sustainability can also be attributed
to the education received [32,46]. Therefore, student training can play an important role in
attitudes towards sustainable development [22]. Aminrad et al. [47] indicated that there is a
relationship between students’ knowledge and attitudes towards environmental education,
although it is weak. Other studies have indicated that increasing a person’s knowledge
about the environment leads to a change in their sustainable attitudes [48]. Pooley and
O’Connor [30] considered that the domain of attitude is affected by the knowledge domain.

Knowledge about sustainability impacts students’ environmental behaviours [23,44].
An increase in a person’s knowledge about the environment leads to a change in their
sustainable behaviours [48]. Kaiser et al. [49] concluded that environmental knowledge
accounts for 40% of the variation in ecological behaviour intentions. Brody and Ryu [50]
found that postgraduate education on sustainability could significantly increase the degree
to which students act sustainably; that is, knowledge can improve student behaviours
in their day-to-day lives. Boyes et al. [51] state that environmental education has great
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potential to encourage students to change their behaviours, developing actions such as
eating less meat, or paying more for renewable electricity. Esa [52] indicated that students
with environmental knowledge integrated sustainable actions into their daily behaviours.
According to Michalos et al. [15], knowledge could explain a part of people’s behaviours.
Best and Mayerl [53] indicated that knowledge is a direct determinant of behaviour.

3. Data and Methodology
3.1. Sample Selection

The educational centre chosen was the Elsa Brito de Domínguez Polytechnic Institute,
located in the city of Santiago de los Caballeros. This centre was recommended by the
Ministry of Education of the Dominican Republic for the following reasons: (a) it has a
heterogeneous population of students, as they come from various marginalised neighbour-
hoods in the city; (b) it was built in 2019 under a sustainability approach; (c) it has the
highest population of secondary students in the region (1611); and (d) it has the largest of-
fering of secondary education programs in the region: electricity, mechatronics, electronics,
nursing, informatics, and accounting and finance.

3.2. Instrument Selection, Design, Validation, and Data Collection

The measurement instrument selected to collect data was a questionnaire divided
into five sections: (a) attitudes towards sustainable development; (b) behaviours towards
sustainable development; (c) knowledge about sustainable development; (d) intention to
participate in actions in favour of sustainable development; and (e) sociodemographic
profile. All sections, except for the sociodemographic profile, were measured through a
5-point Likert scale (1 = “Strongly disagree”, 3 = “Indifferent”, 5 = “Strongly agree”).

Since there is no consensus in the literature regarding the use of a common tool that
measures attitudes, behaviour, knowledge, and intention [16], an instrument was built
based on previous studies [6,7,14,15,17,19,21,54,55]. To validate the questionnaire, the
following process was followed: (a) the items were classified into constructs (attitude,
behaviour, knowledge, and intention to participate), and repeated or similar items were
eliminated; (b) researchers selected items for each construct; (c) the selected items were
translated from English to Spanish by two translation companies; (d) both translations
were compared and a single document was formulated; (e) the document was translated
to English by two translators; (f) the translations received were consolidated to produce
a final draft of the Spanish version. Clear and concise language was used, necessary to
guarantee questionnaire validity [56].

Once the questionnaire was designed, the instrument was submitted to a pre-test of
15 students to determine aspects such as correct variable selection, presentation fluidity, es-
timated completion time, the order of the instructions, and the clarity of the statements [57].
Then, the questionnaire was applied to the students, guaranteeing their anonymity so
possible biases could be controlled [56]. Survey collection was carried out through August,
September, and October 2018. A total of 600 surveys were filled in, of which 328 were valid.

3.3. Multilayer Perceptron Development

Rumelhart and McClelland [58] define the ANN as a network that comprises a series
of nodes—or process elements (PE)—with a certain information storage capacity. These PE
are composed by an input vector (x1, x2, . . . , xn) with their corresponding synaptic weights
(w1, w2, . . . , wn), which are then applied to those input vectors using a propagation rule
(based on its corresponding linear combination). An activation function is applied to this
result determining the value of these PEs, grouped in layers, such as input, intermediate
layers (or hidden layer), and output.

Thus, an MLP is used, taking the Likert’s answers obtained in the survey as the input
values, and the outputs to the estimations that the MLP draws up on the different items
of the students. The data is previously coded to obtain numerical values as a response.
The data on the Likert scale (rank scale) have been transformed into quasi-quantitative



Sustainability 2022, 14, 1192 5 of 14

form-values: 1, 2, 3, 4, and 5. Different topologies and activation functions are tested in the
network development process, finally preserving the ANN that presents a greater degree
of adjustment in terms of coefficient of determination (R2) and mean absolute percentage
error (MAPE). The software used is SPSS Statistics v.23.

4. Results
4.1. Data and Variables

The different items of the students’ sociodemographic profiles are presented in Table 1.
Regarding gender (GEN), a slight majority of women are observed in the sample. Almost
all of them are between 15 and 18 years old (AGE). The course (COU) they attend is quite
distributed among second, third, and fourth years. According to the number of cohabitants
in the household (HOU), practically the entire sample contains two or more cohabitants,
with more than half of the respondents living in a house with between two and four
members. The average profile corresponds to a student around 17 years old, in the second
or third year, and living in a household with between two and four members.

Table 1. Sociodemographic items of the students.

Items %

Gender (GEN)

Male 38.41%
Female 61.59%

Age (AGE)

Less than 15 years old 31.71%
16–18 years old 65.24%
19–20 years old 2.74%

More than 20 years old 0.31%

Bachelor course (COU)

First year 0.31%
Second year 39.63%
Third year 34.15%

Fourth year 25.91%

Household members (HOU)

1 member 0.61%
2–4 members 56.40%

More than 4 members 42.99%

The structure of the model proposed, including the collection of Likert-type questions
of five points made to the students, is shown in Figure 1. The questions asked are divided
into four blocks, with sustainable development as the guiding thread. Thus, the first of the
sections refers to knowledge of the issue raised, the second to attitude, the third to issues
related to behaviour, and the last to the intention to participate in the process of sustainable
development. All of the questions include at the end the dominant option obtained in the
survey between brackets (Figure 1). Generally, they arouse broad agreement, except for
Q12, which reflects a moderate attitude towards water consumption.
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Figure 1. Model of proposed structure.

4.2. Multilayer Perceptron Performance

The architecture of the ANN achieved is presented in Table 2, and graphically, in
Figure 2. The input layer is made up of the different neurons that correspond to the
questions asked in the survey and the input values which are incorporated, which have to
be standardised before incorporating them into the network. Subsequently, these values are
multiplied by their respective synaptic weights (Figure 2) that take values higher or lower
than zero, giving rise to the different values of the hidden layer, to which a hyperbolic
tangent activation function is applied (Table 2). These values are in turn multiplied by
the synaptic weights from the hidden layer to the output layer, giving rise to the different
output values, corresponding to the items of the students’ profiles. The values that do not
require additional modifications as identity function (that is, without transformation) are
applied. However, they should invert their standardisation to reflect the estimations as
specified in Table 2 (dependent variables).

The errors made by the network during its elaboration, as well as the time taken
until its complete development, are presented in Table 3. For its generation, the sample is
randomly divided into the training and the testing group following an approximately 70%–
30% partition (Table 3). The training group is used to develop the network, using a scaled
conjugate gradient algorithm to determine the synaptic weights values (and consequently
determining errors), while the test group is used to take the error made as a reference.
When it is not possible to further reduce the error in the test group, the training group stops
its work and the network development is concluded, letting SPSS automatically compute
the maximum number of epochs to reach the stopping rule.
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Table 2. Network architecture.

Input Layer Covariates

Q01
Q02
Q03
Q04
Q05
Q06
Q07
Q08
Q09
Q10
Q11
Q12
Q13
Q14
Q15
Q16
Q17
Q18
Q19
Q20
Q21
Q22
Q23
Q24

Number of Units (excluding bias) 24
Rescaling Method for Covariates Standardised

Hidden Layer
Number of Hidden Layers 1

Number of Units in Hidden Layer (excluding bias) 6
Activation Function Hyperbolic Tangent

Output Layer

Dependent Variables

GEN, male = 1
GEN, female = 2

AGE (from 1 to 4)
COU (from 1 to 4)
HOU (from 1 to 3)

Number of Units 5
Rescaling Method for Scale Dependents Standardised

Activation Function Identity
Error Function Sum of Squares
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Table 3. Model summary.

Training
(N = 238; 72.56%)

Sum of Squares Error 330.589
Average Overall Relative Error 0.802
Percent Incorrect Predictions
for Categorical Dependents GEN 31.51%

Relative Error for Scale
Dependents

AGE 0.741
COU 0.716
HOU 0.939

Stopping Rule Used

1 consecutive step with
no decrease in error
(based on the testing

sample)
Training Time 0:00:00.24

Testing
(N = 90; 27.44%)

Sum of Squares Error 124.805
Average Overall Relative Error 0.902
Percent Incorrect Predictions
for Categorical Dependents GEN 25.55%

Relative Error for Scale
Dependents

AGE 0.954
COU 0.763
HOU 0.997

The goodness of fit of the ANN is shown in Table 4, both in its entirety and detailed by
the different items of the student profile. The MAPE is the percentage difference between
the real values and those estimated by the network, which on average are around 21%. The
coefficient of determination (R2) refers to the percentage of the variability of the variance
that is explained by the ANN. In this case, the GEN stands out with an almost perfect
fit (Table 4). On average, the network is explaining 55% of the variability of the sample
variance.

Table 4. Adjustment of the ANN obtained.

GEN AGE COU HOU Overall

MAPE 24.85% 22.10% 19.79% 17.33% 21.02%
R2 90.44% 65.88% 34.85% 29.26% 55.11%

The ANN also allows for the quantifying of the relevance that each of the input values
contributes to itself (Figure 3). In this case, the awareness that sustainable development
should be a priority for the rulers (Q11), the willingness to collaborate in the process of
sustainable development from the school (Q24), or the vision of sustainable development as
a contributor to cultural diversity (Q02) appear as the most influential in the development
of the network. On the other hand, factors such as the purchase of local products (Q19) or
the maintenance of biodiversity (Q04) appear as the least relevant for it.

Finally, the ANN developed allows for the quantifying of the degree of increase
(Table 5) or decrease (Table 6) that each of the questions contributes to each of the different
items of the student profile. To determine these values, each of the questions takes its
minimum value and its maximum value, while the rest of the input values remain at their
mean values. During this process, all the output values that the network provides are
collected. Once these values are obtained, all the differences between the set of questions
with maximum and minimum values are calculated, which are presented as a percentage.
The 10 questions that represent a greater increase or decrease in the output values are
highlighted in Tables 5 and 6, respectively. Gender (GEN) is excluded from them since
the increases/decreases reflected are not relevant enough to suppose a change in the
student’s profile.
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Table 5. Questions with the most direct influence on profiles’ items.

Question Item Var.

Q11 Governments and communities should adopt sustainable
development as a national priority COU 28.51%

Q15 Society should further promote equal opportunities for men
and women COU 25.74%

Q02 Education for sustainable development supports cultural diversity COU 16.34%

Q09 Men and women must have equal access to all types of education
and employment COU 14.93%

Q24 I am willing to participate in the sustainable development process
of my school HOU 14.58%

Q17 I use eco-friendly light bulbs at home COU 13.68%

Q03
Inappropriate human actions are contributing to changes in our
atmosphere and climate systems (e.g., not recycling, throwing
garbage on the street, etc.)

COU 13.05%

Q20 I reduce water consumption HOU 11.92%

Q11 Governments and communities should adopt sustainable
development as a national priority AGE 11.55%

Q02 Education for sustainable development supports cultural diversity AGE 11.00%
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Table 6. Questions with the most inverse influence on profiles’ items.

Question Item Var.

Q07 Improving people’s opportunities for a long and healthy life
contributes to sustainable development COU −26.90%

Q22 I recycle some of the things I use COU −23.22%

Q13 The protection of the environment and the quality of life of people
are directly related COU −20.23%

Q23 I contribute to reducing pollution COU −17.48%

Q01 Sustainable development requires companies to behave
responsibly towards their employees, customers and suppliers COU −16.52%

Q02 Education for sustainable development supports cultural diversity HOU −15.75%
Q22 I recycle some of the things I use AGE −12.88%

Q13 The protection of the environment and the quality of life of people
are directly related AGE −12.64%

Q05 Sustainable development requires access to good quality
education for all COU −12.01%

Q05 Sustainable development requires access to good quality
education for all AGE −10.79%

Thus, Table 5 shows how there is a growing awareness of governments and communi-
ties to bet on sustainable development as a national priority (Q11), and that education in it
supports cultural diversity (Q02) as the students are in higher years of study (COU) and
are older (AGE). On the other hand, a greater willingness to collaborate in the sustainable
development of the school (Q24), and to reduce water consumption (Q20), is related to
living with a greater number of members in the home. In addition to this, according to the
student which is in higher grade years (COU), he/she finds greater awareness of equal
opportunities for both genders (Q15) and, issues related to the above (Q09), as well as
other issues related to the use of eco-friendly light bulbs (Q17) or awareness about climate
change (Q03).

Conversely, Table 6 reflects how, as the course is higher, awareness is lost regard-
ing the matter that improving people’s opportunities (Q07) or their quality of life (Q13)
contributes to sustainable development and the environment, in addition to other factors
such as recycling used goods—shared by the younger profiles—(Q22), reducing pollution
(Q23), business awareness (Q01), or quality of education (Q05)—also shared as the age
of the student decreases. The latter also relates to a greater perception that caring for the
environment is related to people’s quality of life (Q13).

5. Discussion

The instrument used in the present study has shown an adequate structure that
allows measuring knowledge, attitudes, behaviour, and intention to participate in activities
related to sustainable development. The techniques used to obtain the results of the study
show that the students of this research have positive perceptions towards the knowledge,
attitudes, behaviours, and intentions of participating in sustainable development. These
positive perceptions can increase the development of sustainable behaviours [24,31,38,44].

The students’ perceptions towards sustainable development show that they know
that these are aspects related to the sustainable behaviour of companies, cultural diversity,
education, inappropriate human actions, biodiversity, and the fair distribution or improve-
ment of opportunities for the population. This knowledge favours students to have greater
behaviours towards sustainable development [59]. These perceptions also show that they
have favourable attitudes towards an education based on values, equal access to education
and employment, actions to reduce poverty, sustainability as a national priority for the
country, and the protection of natural resources. These results have followed the trends
observed in other studies [7,17,44]. Thus, the positive attitudes of students can determine
their intentions and behaviours towards sustainable development [22–33].
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The results also show that students use eco-friendly light bulbs at home, buy local
products, reduce water and electricity consumption, recycle, and contribute to reducing
pollution. Kagawa [36] pointed out that, when attitudes are positive, students are more
likely to engage in more sustainable behaviours, such as recycling, saving energy and water,
using public transportation, and buying organic and healthy products. In addition, students
are interested in participating in more actions towards sustainable development. In this
way, students who demonstrate favourable behaviours towards sustainable development
will increase their desire to participate in actions and activities related to sustainable
development [59].

The results in this work have shown that students have knowledge, attitudes, be-
haviours, and intentions to participate in sustainable development actions; however, sus-
tainable development has not yet been evidenced as a training practice in schools in the
Dominican Republic. Therefore, the questionnaire provided for this study, as well as the
results, can help improve sustainable initiatives in Dominican schools. Thus, the govern-
ment must implement educational actions to increase knowledge, attitudes, and favourable
behaviours towards sustainable development, as can be seen in the results of Figure 3 and
Table 5, since there is a perception that sustainable development should be a priority for the
rulers. For this reason, education must contribute to expanding information and learning
opportunities in this field, in both formal and informal contexts [44].

6. Conclusions

The theoretical implications of this research show how the item of the student’s profile
most influenced by questions of sustainable development is the course in which he/she
is, followed by age, closely related to the former and, to a lesser extent, the household
members. Gender is not sufficiently decisive in the composition of the profile regarding the
questions asked.

In this way, it is necessary to expose at earlier ages and course content the role of com-
munities and governments in the commitment to sustainable development, decisively train
in cultural diversity and equal opportunities for any type of gender, and to a lesser extent,
raise awareness about climate change and the use of eco-friendly light bulbs. Conversely, it
is interesting to raise awareness in more advanced ages and courses in order for quality
education to promote sustainable development, as well as to use it as an instrument to
improve the quality of life, corporate responsibility in this matter, and above all, to specially
instruct on how to reduce pollution and recycle used objects.

Awareness to collaborate with sustainable development in schools and to reduce
water consumption should have a greater impact on those students from homes with fewer
members, that are perhaps more affluent, and who perceive distantly the problem. Broadly,
there should be an impact on issues such as biodiversity or raising awareness about the
convenience of consuming local products, issues that were not very relevant in estimating
the profile of the students.

The main practical application of this work resides in the utility of the ANN itself,
which allows for the obtaining of a determined collection of answers—easily customisable
by the researcher—to questions about sustainable development, the estimation of a specific
profile, or a “composite picture” of a student from a developing country. This can be
useful to educational communities interested in optimising economic resources through
sustainable development, so that they know which issues they should focus more (or less)
according to the profile of the student they are targeting.

Like all research, this study contemplates some limitations: it should be noted that
the study is based on the perspective of the student, making it difficult to obtain data
from other relevant stakeholders, such as government technicians, teachers, directors, and
other institutions linked to educational centres. As a future line of research, it would be
interesting to introduce new variables that help to understand the explained variance of
sustainable knowledge, attitudes, behaviours, and intentions to participate in actions in
favour of sustainable development.
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