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Abstract  

 

The socioeconomic and environmental attributes that 

characterize the environmental thought are the elements 

used to design a methodology to evaluate the substantive 

functions of teaching and research in the university 

environment, in a public higher education institution in 

Mexico. The proposed methodology is based on tools and 

instruments to generate knowledge of  big data information, 

making use of: Information and Communication 

Technologies; of the principles of multivariate data 

management that consider the distinctive uncertainty of 

environmental phenomena; and the generation of 

multidisciplinary databases to apply data mining and obtain 

information with a systemic approach. The proposed tool 

with its mixed approach applies to the operation and 

multimedia text database study and from there the KDD 

process knowledge is acquired. The application context of 

the proposed methodology is the information in text form, 

published electronically, in the educational offer of the 

2017 undergraduate and postgraduate admissions at the 

Benemérita Universidad Autónoma de Puebla (BUAP).  

 

 

KDD Process, Data Mining, Environmental Education 

 

Resumen 

 

Los atributos socioeconómicos y ambientales que 

caracterizan al pensamiento ambiental son los elementos 

para diseñar una metodología de evaluación de las 

funciones sustantivas de docencia e investigación en el 

ámbito universitario, en una institución de educación 

superior pública de México. La metodología propuesta se 

basa en las herramientas e instrumentos para generar 

conocimiento de los datos de la big data, haciendo uso de: 

las Tecnologías de la Información y las Comunicaciones; 

de los principios del manejo multivariado de datos que 

consideran a la incertidumbre distintivo de los fenómenos 

ambientales; y de la generación de bases de datos 

multidisciplinarias para aplicar minería de datos y obtener 

información con un enfoque sistémico. La herramienta 

propuesta con su enfoque mixto se aplica en la operación y 

estudio de datos de texto multimedia y se obtienen 

conocimientos del proceso KDD. El contexto de aplicación 

de la metodología propuesta es la información en forma de 

texto, publicada vía electrónica, en la oferta educativa de 

licenciaturas y posgrados en el ingreso de 2017 en la 

Benemérita Universidad Autónoma de Puebla (BUAP).  

 

Proceso KDD, Minería de Datos y Educación 

Ambiental
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Introduction 

 

Environmental Sciences are defined as the set of 

sciences that identify, explain and investigate the 

relationships that the human being maintains as 

part of society, with himself and with his 

environment (Leff, 2006), that is, they consider 

in a whole, the elements of the society-nature 

binomial and their interactions. 

 

Environmental thinking as part of the 

philosophy of Environmental Sciences is the 

result of the interaction of social and natural 

sciences, with an interdisciplinary and holistic 

vision of multiple causes and effects, knowledge 

and multi-interrelations (Leff, 2005). 

 

Focusing these characteristics on 

university education, it highlights that Higher 

Education Institutions (HEIs) have been given 

the responsibility of forming a society that 

understands environmental problems and 

participates in generating knowledge and 

therefore integral solutions from environmental 

spheres, social and economic. 

 

As María Teresa Bravo argues  

 
“There are several aspects for which attention 

is paid to HEIs to address the environmental 

problem, among them: their potential as they 

are focused on science and the generation of 

technologies; its contribution to the solution 

and prevention of environmental degradation 

and its contribution to the construction of 

desirable development scenarios; due to its 

new mode of production of knowledge and 

skills, due to its systemic-complex nature” 

(Bravo-Mercado, 2012:17). 

 

These particularities, added to the 

heterogeneous and constantly changing 

characteristics in the university environment 

(Eschenhagen, 2007), as well as the international, 

national or university association guidelines, 

frame environmental thinking in this field, and 

allow identifying the scarcity of tools to evaluate 

it. 

 

To carry out the evaluation of 

environmental thinking in the university 

educational offer, in this work a tool is proposed 

to extract data, generate knowledge and identify 

patterns of multimedia data. 

 

 

 

This methodology is aimed at exploring 

and identifying, and subsequently evaluating the 

data published in electronic media, applying the 

processes of handling and use of big data data. 

 

In particular, the techniques of the 

process of "generation of knowledge from 

databases" or "knowledge discovery in data 

bases" (KDD) are used to text-type multimedia 

data, related to environmental thinking in the 

university educational offer. 

 

The objective of this work is to design a 

methodology to delimit and subsequently 

evaluate the attributes of university 

environmental thought, at the higher levels in one 

of the most important macro-universities in 

Mexico, such as the Benemérita Universidad 

Autónoma de Puebla (BUAP), in a determined 

moment, through the application of the process of 

"generation of knowledge from databases" and 

the tools of text mining, considering uncertainty 

as a characteristic of the environmental vision. 

 

This work is organized in four parts: 

 

– In the first, the theory of environmental 

thought and the concepts of multimedia 

data are outlined; the process of generating 

knowledge of data management as part of 

the big data tools; and the principles of 

fuzzy logic. 

 

– In the following section, the characteristics 

of environmental thinking in the 

educational offer of study at BUAP are 

delimited. 

 

 

– The third part details the proposed 

methodology, based on multimedia mining 

and the KDD process. 

 

– This methodology is applied to the 

educational offer of: 84 undergraduate 

degrees, 46 master's degrees and 22 

doctorates, upon admission to BUAP in 

August 2017. 

 

– Finally, the results generated from the 

designed methodology are shown and 

finally the conclusions are presented. 
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Theoretical framework 

 

Currently, the interest in managing and obtaining 

knowledge and results from big data data is 

growing in multiple areas of knowledge, and 

Environmental Sciences are no exception. 

 

This work is located from a systemic and 

mixed vision, so it becomes necessary to 

demarcate the theory on which the 

methodological proposal and its characteristics 

are based. 

 

Environmental thinking 

 

From the perspective of Environmental Sciences, 

environmental thinking has several definitions, 

the following being those that are related to the 

subject of this work: 

 

• Fritjof Capra argues that environmental 

thinking is the “thought that occurs by 

expanding the systemic approach from the 

social sphere to the material world” (Capra, 

2002: 22). 

 

• Luz Arabany Ramírez, establishes that 

environmental thinking is the sum of the 

principles of "thoughts: complex, systemic 

and transdisciplinary" (Ramírez, 2015: 1) 

and since this definition treats 

environmental thinking with a holistic 

vision, it is immediately delve into each of 

these principles. 

 

– Complex thinking is based on the 

arguments described and developed by 

Edgar Morin, defined by the author himself 

as one that: 

 

– "It does not seek to unify everything 

separated in a thought of completeness, but 

to launch a challenge in pursuit of religion 

and complexity ... it is not a matter of 

approaching complexity as a pure rejection 

of the simplifying, of Aristotelian logic or 

of the principle of separation; on the 

contrary, complex thinking implies the 

integration of the above in a relational and 

continuous rotating principle” (Morin, 

1992: 10). 

 

 

 

 

– According to Kuhn: complexity is not an 

answer to the questions of the disciplinary 

sciences, but a challenge for thinking and 

the natural fusion of systems developments 

and information theory (Osorio, 2008). 

 

– Systemic thinking is an approach to 

understanding reality, where the whole is 

more than the sum of its parts and with the 

study of the whole the parts and the 

connections between them are understood 

(Liévano and Londoño, 2012). It is 

identified in the multiple causes and 

multiple effects of the elements that make 

up a system and their relationship with the 

environment (Amozurrutia, 2006), in this 

case the socioeconomic and environmental 

perspectives. 

 

– The transdisciplinary thinking proposed by 

Manfred Max-Neef, based on Morin's 

arguments, establishes that 

interdisciplinarity is the search for the unity 

of knowledge fragmented into disciplines, 

through the paradigmatic path (Osorio, 

2012) and that the “Greening of thought” 

(Morin, 1991) “as a strategy for the social 

transformation of reality and for the 

constitution of the human condition” 

(Osorio, 2012: 244). 

 

– Transdisciplinarity, as Nicolescu (2006) 

argues, goes beyond a new articulation of 

knowledge, a new conception of 

knowledge and a new understanding of 

reality must be considered as a new 

paradigm. 

 

• Javier Gonzaga Valencia (2007) 

emphasizes that environmental thought 

“constitutes the structuring base of a 

society that respectfully and poetically 

inhabits the earth from the understanding of 

the complexity and permanent situations of 

chaos to which the complex system is 

subject also of life” (Valencia, 2007: 39). 

 

Focusing on the field of university 

environmental education, it is considered that 

environmental thinking is not an imposition on 

HEIs, but a way of incorporating this paradigm 

into the current world, since “education is the 

strategy for achieving the objectives of the 

sustainability” (Gutiérrez and Martínez, 2010: 

114). 
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The previous definitions of 

environmental thought allowed to identify the 

adjectives or attributes that characterize it, from 

the binomial that relates society to its 

environment. 

 

Once the basic elements of the philosophy 

of university environmental thought have been 

cited, the following paragraphs outline the theory 

of big data on which the proposed methodology 

is based. 

 

Multimedia and KDD data 

 

To address the development of this article, the 

terms of big data are briefly presented, from 

general concepts to the processes to produce 

knowledge. 

 

In our days, there is an enormous amount 

of data that is generated in real time and increases 

exponentially every day. The data can be public 

or private, and can be used and studied to 

generate information, knowledge or establish 

strategies for decision-making or marketing 

processes. 

 

The large amount of data is known as big 

data. This term was coined in 2012 by Gartner, 

which defines it as "high-volume, high-speed and 

/ or wide-variety information that requires new 

forms of processing to allow better decision-

making, information discovery, and process 

optimization" (Bello -Orgaz, Jung, Camacho, 

2015: 45). 

 

This large volume of data is explained a 

few years later by Jenkins, Slomczynski and 

Dubrow (2016), who affirm that big data is made 

up of various sources; and Stone (2017) clarifies 

that, in the data, it must be considered: the 

frequency of emergence, the iterations that could 

occur between them and the constant updating of 

the model they represent to convert them into 

information. In addition, the large amount of data 

comes from heterogeneous sources and 

simultaneously (Joyanes-Aguilar, 2016) and can 

be manipulated thanks to modern information 

technologies and computational facilities. 

 

The veracity of the results provided by 

said data depends on the model that represents 

them, the techniques for their interpretation 

(Bonomo, 2018), their quality and privacy. 

 

 

 

Big data data, due to its organization and 

arrangement, are classified into data: structured, 

semi-structured and unstructured (Camargo-

Vega, Camargo-Ortega, and Joyanes-Aguilar, 

2015). In this work we have multimedia data, not 

structured in databases and without labels to 

identify them. 

 

Multimedia data can be of four types: 

images, text, audio and videos. 

 

To obtain information from these 

multimedia data, the analytical techniques of 

multimedia mining are used (Contreras-Barrera, 

2014), which are a set of methodologies and 

platforms to analyze data that are not organized 

and that generate non-trivial information, that can 

be applied directly for: the search for knowledge, 

decision-making and the use, disclosure and 

publication of information (idem). 

 

One of these tools is the one applied in 

this work, which is the KDD process "knowledge 

discovery in data bases" (by its name in English), 

defined as an iterative and interactive process that 

explores very large volumes of text data, 

exhaustively to determine relationships (Minerva 

Data Mining, 2018) and "marks a paradigm shift 

in which what is important is useful knowledge" 

(Riquelme, Ruíz and Gilbert, 2006). 

 

The KDD process consists of five steps 

which are: selection, processing, transformation, 

data mining, and data interpretation and 

evaluation (idem). 

 

Within KDD, data mining allows the 

extraction of implicit, previously unknown and 

potentially useful information from said data 

(Frawley, Piatetsky-Shapiro and Matheus, 1992) 

and is considered the step for interdisciplinary 

analysis processing (Rojas, Chavarro and 

Moreno, 2008). 

 

As such, data mining is a tool for 

exploring the vast amount of unorganized data; 

establish models and / or patterns; find 

relationships or associations; and extract 

knowledge when instruments are applied to 

identify and interpret: trends, deviations 

(Montes-y-Gómez, 2001), groupings, summaries 

and sequence analysis, among many others. 
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Within data mining, this work only 

considers text mining, in particular the bag of 

words and its analysis techniques. 

 

Ian H. Witten, Frank Eibe and A. Mark 

(2011) define text mining as a technique that 

searches, finds and explores interesting patterns 

in the text, that is, finds relevant information for 

a purpose, from texts in natural language. Ronen 

Feldman, and James Sanger (2007) add that it is 

a new “knowledge-intensive process in which a 

user interacts with a collection of documents over 

time, using a set of analysis tools” (Feldman and 

Sanger 2007: 1) to obtain knowledge of a set of 

texts from the “great amount of textual 

information” (Montes-y-Gómez, 2001: 1). 

 

Among the most used text mining 

processes, there are: natural language processing, 

discourse analysis, content analysis, univariate 

and multivariate statistical methods, modeling 

and mathematical tools, and information retrieval 

and its data classification and grouping methods 

(Contreras-Barrera, 2014). 

 

In this work, content analysis and 

multivariate statistics are used for data grouping 

of university environmental thought. 

 

To obtain knowledge of the data in the 

form of texts, whether electronic or printed, 

Oviedo and his co-authors (2017) propose a tool, 

which first consists of carrying out a predictive 

analysis, where the texts are studied and 

transformed into some type of structured 

representation or semi-structured that will 

facilitate its subsequent study (Oviedo, Oviedo 

and Vélez, 2017); and then a descriptive analysis 

of the data to obtain useful information. 

 

The series of steps in the methodology of 

Oviedo and his co-authors coincide with the steps 

of the KDD process for text processing, which 

are: 

 

– Step 1, determine the purpose of the study. 

 

– Step 2, retrieve the information by gather, 

identifying, collecting and validating the 

texts in the appropriate format for their 

study; which in KDD corresponds to the 

selection and processing stages. 

 

– Step 3, perform the text processing, in order 

to define the keywords to study and 

eliminate unnecessary information; which 

in KDD is identified as transformation. 

 

– Step 4, execute the extraction and analysis 

of classes, relationships, associations or 

sequences, in order to find evidence of 

concepts and existing structures, through 

the number of repetitions of the word in the 

document; identified within KDD as data 

mining. 

 

– Step 5, present the results obtained 

(spreadsheets, databases, clusters, 

summaries, text markings, relationships, 

etc.) for their interpretation; which within 

KDD was defined as the last stage of 

interpretation and evaluation. 

 

By applying the steps proposed by 

Oviedo and his co-authors (2017), within the 

framework of the KDD process, the “clustering” 

will be generated, where the data is represented 

in groups (Linares, 2006), “each data belongs 

only to one cluster and the set of them includes 

the total data” (Rojas, et. al., 2008: 2). In this 

work the cluster quantity was defined based on 

the three dimensions: environmental, social and 

economic of sustainability (idem). 

 

Fundamentals of fuzzy logic 

 

Finally, related to the theoretical framework on 

which the work is based, it is identified that 

uncertainty is a characteristic of environmental 

phenomena, since there is no aspect of 

Environmental Sciences where there is no 

uncertainty, as it would not be a real problem. 

 

To include uncertainty in the evaluation 

of the attributes of university environmental 

thought, the principles of fuzzy logic are applied. 

 

Fuzzy logic is identified by producing 

exact results from imprecise data (Morales-Luna, 

2002), in a similar way to human thought (Jang, 

Mizutani and Sun, 1997) and “describes reality 

through flexible models that include the 

subjectivity and uncertainty” (Lazzari, Machado 

and Pérez, 2000: 6). 
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The fuzzy term, as cited by Flores and 

Camarena (2013) is an adjective of logic, which 

“refers to the degrees of significance or values in 

the measurement of the uncertainty of linguistic 

variables” (Flores and Camarena, 2013: 12). 

 

This logic is multivalued (Morales-Luna, 

2002) where the fuzzy is determined as the 

possibility of assigning different truth values to 

the variables, and each element of the universe is 

associated or corresponds (function) to a degree 

of belonging to the set in the interval [0,1] (Flores 

and Camarena, 2013) identified as a fuzzy set. 

 

The fuzzy logic generates that each 

variable, in this case the frequency of 

characteristic attributes of environmental 

thinking in the educational offer of the BUAP, 

have a range of possible solutions, with 

interrelationships among themselves, and thus be 

an instrument to give value to the data obtained 

(Zadeh, 1965) through a mathematically 

represented fuzzy set (Flores and Camarena, 

2013). 

 

The fuzzy logic tools allow the 

incorporation of uncertainty as part of the 

proposed methodology in the attributes of 

environmental thinking. 

 

Environmental thought at the Benemerita 

Universidad Autónoma de Puebla (BUAP) 

 

Once the main theoretical issues of this 

methodological proposal have been cited, it is 

important to define the context in which this 

theory is applied. 

 

Said context of study is the Benemérita 

Universidad Autónoma de Puebla, a public 

institution of upper secondary and higher 

education, leader in the central-eastern region of 

Mexico, formed by 43 academic units, distributed 

in the state of Puebla (Gaceta Universitaria 

BUAP, 2017). 

 

The BUAP to carry out its substantive 

institutional functions of: teaching, research, 

extension and dissemination of culture (BUAP, 

2007) is based on its institutional philosophy. 

 

Within the institutional philosophy, the 

vision of environmental thinking is identified in 

the principle that it is a sustainable university that 

focuses on building desirable development 

scenarios and participating with society for its 

transition to sustainable lifestyles (BUAP, 2014). 

In general, as María Luisa Eschenhagen 

and Enrique Leff argue, a university with a 

sustainable vision guides its organization and 

formulates the educational offer from the 

perspective of interdisciplinarity, as “a 

development potential that demands their right to 

citizenship and a passport to move freely by the 

traditional frontiers of knowledge” 

(Eschenhagen, 2008: 127). 

 

From this generality, university 

environmental education due to its systemic-

complex nature” (Bravo-Mercado, 2012: 17) has 

multiple definitions. In this work the definition of 

Alfredo Ávila-Galarza is used, understood as 

“the process of acquisition of values and 

clarification of concepts whose objective is to 

develop attitudes and capacities necessary to 

understand and appreciate the interrelationships 

between man, his culture and his biophysical 

environment” (Ávila-Galarza, 2003: 45) which is 

one of the theoretical pillars for this work. 

 

In BUAP this integrative vision is 

identified, as it forms part of its institutional 

strategic planning; through the different 

development plans of its rectors in the last twenty 

years; and the implementation of their 

educational models. 

 

The substantive functions in BUAP from 

the environmental thinking approach have been 

oriented since 2007 to three major actions, which 

are (BUAP, 2007): 

 

– The training of professionals committed to 

sustainable development and therefore to 

the environment. 

 

– Conducting multi and interdisciplinary 

research to propose integral solutions to 

global problems. 

 

– Establish ties for the dissemination and 

connection of the institution with its 

environment and its proposals to specific 

environmental problems with holistic 

solutions. 

 

Regarding teaching, which is the study 

area of this work, BUAP is guided by the 

educational and organizational model established 

in 2007, known as the Minerva University 

Model, which includes: the philosophy of social 

responsibility and environmental thinking as part 

of its strategic planning (BUAP, 2014).  
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Said model contains environmental 

parameters in the undergraduate study plans; and 

in the teaching of undergraduate and 

postgraduate degrees related to Environmental 

Sciences, with a multidisciplinary vision. 

 

The principles of the philosophy of 

environmental thought at BUAP were based on 

the guidelines of events that had occurred in 

various geographic and administrative coverage, 

related to environmental education, both in 

Mexico and internationally. 

 

The main guiding events were: at the 

international level, the guidelines and public 

policies of the United Nations Environment 

Program (UNEP) and those of UNESCO, both 

within the United Nations Organization (Bravo-

Mercado, 2012) ; in Latin America, the 

characteristic approaches of respect for nature 

(provider, councilor and mother) (Leff, 2009) 

that include the knowledge and customs of the 

peoples who have inhabited these areas for 

centuries. Regarding the guidelines at the 

national level, national educational models and 

plans have been in place for several decades, 

mainly those of ANUIES (Olaguez and Piero, 

2013); in addition to the proposals generated by 

the meetings of Higher Education Institutions 

(COMPLEXUS, 2013), and the guidelines 

arising in forums, academies, collaboration 

networks or results of executive assemblies to 

propose joint and multidisciplinary work. 

 

The study of these guidelines, focused on 

institutional substantive functions, were the basis 

for obtaining the attributes that characterize 

university environmental thought. 

 

These attributes were obtained by 

applying text mining software to the guidelines 

described above and with this, the socioeconomic 

and environmental elements that determine 

university environmental thought were identified 

(procedure that is detailed in the following 

section), in addition to adding the results of 

previous research (Domínguez, 2015) in relation 

to the preferences that the university community 

expressed on the subject under study. 

 

The delimitation of the attributes that 

characterize environmental thought was the first 

step of the proposed evaluation methodology, 

which is described in the following paragraphs. 

 

 

Methodology for the study of environmental 

thinking in the educational offer of admissions 

2017 

 

To evaluate the principles of university 

environmental thought, a mixed methodology 

was designed, which applies brainstorming 

techniques, consultation with experts and content 

analysis within the qualitative methodology; as 

well as the tools of the descriptive process of 

generating knowledge of databases, in its various 

stages for quantitative analysis. 

 

This methodology was structured in two 

stages: in the first, the attributes that characterize 

the philosophy of university environmental 

thought were specified (Eschenhagen, 2008) and, 

in the second, based on the study design of 

Oviedo and his co-authors (2017) the tools of the 

knowledge acquisition process in databases were 

applied to classify texts and generate groupings 

and associations (Montes-y-Gómez, 2001) in 

written documents (printed and / or electronic) in 

the studied context. 

 

The steps of the first stage were:  

 

- The environmental education guidelines 

were analyzed in different coverages as 

already mentioned in the previous section, 

both from meetings at the international 

level, proposals in the Latin American and 

national scope and the agreements of 

meetings of directors or academics, giving 

place to proposing a series of adjectives 

(attributes) that characterize university 

environmental thought. 

 

The analysis was carried out by applying 

the electronic tools of the text mining software to 

obtain the words and phrases that are most often 

cited in the texts of these guidelines. 
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The result was the identification of the 65 

attributes, which characterize university 

environmental thought and are: development, 

tenable development, sustainable development, 

sustainability, tenability, biodiversity, climate 

change, environmental sciences, complexity, 

environmental pollution, basins, environmental 

deterioration, dimension ecological, ecology, 

ecosystems, ecotechnics, environmental 

education, systemic approach, ecological 

balance, environmental impact, environmental 

indicators, interdiscipline, environmental 

research, environment, environmental 

methodology, multidisciplinary, environmental 

paradigm, environmental thinking, 

environmental problems, natural resources, 

environmental risk , environmental services, 

engineering techniques applied to the 

environment, systems theory, transversality, 

alternative developments, economic dimension, 

economic ecology, ecological economy, 

globalization, environmental anthropology, 

environmental architecture, environmental 

culture, social dimension, sociocultural 

dimension, ecodevelopment, education, 

ethnography, environmental ethics, 

environmental history, multiculturalism, social 

responsibility, environmental knowledge, 

socioeconomic, environmental sociology; 

international agreements, environmental law, 

institutional dimension, environmental 

guidelines, environmental management, 

environmental governance, environmental 

institution, environmental planning, 

environmental policy and environmental 

programs. 

 

- In addition to these results, a brainstorming 

was carried out with a group of 

professionals in Environmental Sciences in 

order to demarcate said attributes and point 

out that they are characteristic of 

environmental thinking and include its 

socioeconomic and environmental aspects. 

 

- As a requirement of the software used, it 

was required to group the 65 attributes into 

categories for later analysis. 

 

With a holistic intent, 9 categories were 

proposed, which are: sustainability, environment, 

interdiscipline, ecotechnics, transversality, 

globalization, social responsibility, 

environmental policy and complexity. 

 

 

 

With the characteristic attributes of the 

nature-society binomial, university 

environmental thought and the 9 categories of 

analysis, a consultation was carried out with 12 

experts (Briones, 2001) on the subject, all of them 

currently working with the principles of 

environmental epistemology. 

 

The consultation had the purpose of 

knowing, based on experience, in which of the 9 

suggested analysis categories the attributes of 

university environmental thought already 

identified are located. Subsequently, these 

criteria were grouped through “mode” (statistical 

concept of central tendency). 

 

The results obtained were the following: 

 

– Sustainability, grouped 6 attributes that are: 

development, tenable development, 

sustainable development, tenability, 

sustainability and eco-development. 

 

– The environment consisted of 16 attributes: 

biodiversity, climate change, 

environmental pollution, basins, 

environmental deterioration, ecological 

dimension, ecology, ecosystems, 

ecological balance, environmental impact, 

environmental indicators, environment, 

environmental problems, natural resources, 

environmental risk and environmental 

services. 

 

– Interdisciplinary, included 6 attributes: 

interdisciplinary, environmental research, 

environmental methodology, 

multidisciplinary, environmental paradigm 

and environmental thinking. 

 

– Eco-techniques, encompasses the attributes 

of engineering techniques applied to the 

environment and eco-techniques. 

 

– Transversality only has the attribute of 

transversality. 

 

– Globalization, is formed by 4 attributes that 

are economic dimension, economic 

ecology, ecological economy and 

globalization. 
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– Social responsibility, was integrated by 16 

attributes, which are: alternative 

developments, environmental 

anthropology, environmental architecture, 

environmental culture, social dimension, 

sociocultural dimension, education, 

ethnography, environmental ethics, 

environmental history, multiculturalism, 

social responsibility, environmental 

knowledge, socioeconomic, environmental 

education and environmental sociology. 

 

– Environmental policy, grouped into 10 

attributes, which are: international 

agreements, environmental law, 

institutional dimension, environmental 

guidelines, environmental management, 

environmental governance, environmental 

institution, environmental planning, 

environmental policy and environmental 

programs. 

 

– Complexity, with 4 attributes that are: 

environmental sciences, complexity, 

systemic approach and systems theory. 

 

With the 65 attributes and their grouping 

into analysis categories, the first stage of the 

proposed methodology was completed. 

 

In the second stage, the tools to generate 

knowledge of big data are applied, particularly 

with the KDD process and the five steps proposed 

by Oviedo and his co-authors (2017), to evaluate 

the attributes determined in the first stage and 

thereby generate results. These steps are: 

 

- Step 1, information published 

electronically on the official page of the 

BUAP institution (www.buap.mx) of the 

educational offer of admission in 2017 was 

identified. 

 

- Step 2, the data of the educational entry 

offer in August 2017 were selected and 

retrieved, having as a universe 152 study 

programs. 

 

- Step 3, the published study programs were 

cleaned, discarding the information not 

related to the topic. 

 

 

 

 

 

- Step 4, content analysis techniques were 

applied, defined by Andréu as “a technique 

for interpreting texts, whether written, 

engraved, painted, filmed ..., or in a 

different way where all kinds of data 

records can exist, the common denominator 

of all these materials is their ability to host 

content that, read and interpreted properly, 

opens the doors to the knowledge of 

various aspects and phenomena of social 

life” (Andréu, 2000: 2). 

 

This content analysis was done with Atlas 

Ti, which is a software tool for the analysis of 

qualitative data. 

 

Atlas Ti is characterized by the handling 

of large volumes of textual data, which organizes, 

regroups and manages them based on the 

definition of "analysis codes" and thus transforms 

the analyzed data into information in 

spreadsheets or databases for its subsequent 

interpretation and descriptive analysis (Muhr, 

1997). 

 

Using the Atlas Ti tools, the presence of 

the 65 attributes was detected in the 152 

programs of the educational offer, resulting in the 

number of repetitions of each of the attributes in 

the published documents of the educational offer 

of degrees and postgraduate students upon 

entering BUAP in 2017 as already explained. 

 

Atlas Ti generated a spreadsheet that 

groups the frequencies of the identified attributes. 

 

The attribute frequency database was 

transformed into category frequency, based on 

the classification already defined in the first stage 

of the study, obtaining the maximum number of 

frequencies in each category. 

 

- Step 5, the category frequency spreadsheet 

is the basis for the quantitative analysis of 

data and the generation of knowledge from 

them. 

 

Based on this information, two types of 

analysis were carried out: the study of the data 

with the tools of descriptive statistics and the 

application of the text mining instruments within 

the KDD process. 
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Regarding the descriptive statistics, the 

analysis by areas was carried out to identify the 

percentage of citations of the attributes in the 

texts of the educational offer, based on the areas 

of sustainability and the nature-society binomial. 

These data and their results are presented in the 

next section. 

 

For the text mining analysis, the 

maximum number of citations of each category 

was identified and a figure was calculated, 

corresponding to the quotient of the frequency of 

citations of each undergraduate and postgraduate 

degree between said maximum, generating a new 

spreadsheet, with the measurement of each 

category in fraction between [0 and 1] that 

includes the uncertainty in the characteristics and 

evaluation of the fuzzy logic. 

 

The new spreadsheet was analyzed with 

the Minitab software (Minitab, 2010) using the 

conglomeration technique, which is a 

multivariate statistical technique, which starts 

from measuring the proximity between 

individuals to later search for the groups of 

individuals most similar to each other, according 

to a series of variables. 

 

The purpose of this tool is to divide a set 

of objects into groups or clusters in such a way 

that the profiles of the objects in the same group 

are similar, that is, it creates groups or 

conglomerates with similar characteristics until a 

single block is obtained (Linares, 2006). 

 

In this study, the hierarchical clustering 

technique was used, since it allows the variables 

to be agglomerated, starting from the calculation 

of the distance matrix and selecting from a wide 

variety of distance measures and grouping 

methods (idem). Distance measures evaluate the 

degree of similarity or proximity between two 

elements, in this study the distance correlation 

coefficient was used. 

 

Regarding the linkage, the Ward link was 

selected, due to its characteristics that the loss of 

information when joining two elements is 

minimal, because it is the sum of squares of intra-

cluster distance (idem). 

 

The result obtained was a dendrogram, 

which is a type of graphical representation in the 

form of a tree, which summarizes the process of 

grouping the clustering technique of the elements 

of university environmental thought. 

 

The results of this methodology are 

presented and analyzed in the following section. 

 

Results 

 

The present work was carried out with the 

information in texts published electronically on 

the educational offer at the higher level of: 84 

bachelor's degrees, 46 master's degrees and 22 

doctorates, published on the BUAP website 

(www.buap.mx) in the admision of 2017. 

 

From the content analysis of the data of 

the 152 textual files examined, 1,188 citations of 

attributes for undergraduate degrees and 853 for 

postgraduate were obtained, in total 2,041 

citations of the attributes that characterize 

environmental thinking. 

 

The two tools already described above 

were applied to these data: descriptive statistics 

and later the study from text mining. 

 

The results obtained were the following: 

 

- The descriptive analysis is presented in 

Figure 1: 

 

It is observed that 29.7% of the citations 

are related to the attributes grouped in the 

category of social responsibility; the next 

category for the number of citations was 

complexity, which accumulated 14.8%; 

environment follows with 14.%; in 

interdiscipline, 11.6% were identified; the 

concepts of sustainability presented 10.5% of the 

citations; Thus, we have ecotechnics with 7.6%, 

the attributes grouped in globalization were 3.9% 

and environmental policy was only identified in 

3.5% of the total documents analyzed. 
 

 
 

Figure 1 Total number of citations by category of analysis 
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From this descriptive analysis, it is 

observed that the philosophy of social 

responsibility is a topic that has been given 

greater importance within the institution and that 

the theory of complex systems has been 

considered as guidelines within the educational 

offer, given the number of citations that were 

identified in the texts studied. 

 

These results suggest that the elements of 

environmental thought have been considered in 

the educational offer of higher education at 

BUAP, focusing on the issue of the institution's 

social responsibility as part of its substantive 

functions. 

 

Transversality as a property of complex 

systems that characterize environmental thinking 

is only included in undergraduate degrees and 

therefore the number of citations. 

 

- The text mining analysis, considering the 

fuzzy data and the application of 

multivariate clustering techniques, are 

presented in Figure 2. 

 

- It was observed that the categories are 

grouped into the environmental and 

socioeconomic dimensions that 

characterize environmental thinking. 
 

 
 

Figure 2 Dendrogram of similarity between analysis 

categories 

 

 

 

 

 

 

 

 

 

 

 

 

 

- The grouping was in three "clusters": the 

first includes the categories of 

sustainability, globalization, social 

responsibility and environmental policy, 

which are identified with the 

socioeconomic area; the second group is 

made up of the categories of: environment, 

interdiscipline, ecotechnics and complexity 

that characterize environmental 

philosophy; and, finally, the third group, 

which is only the transversality that has 

been applied to the environmental 

education system. 

 

- The categories that present the greatest 

similarity are: in the first cluster the 

categories of sustainability and 

globalization with 75.26%; and in the 

second group the categories of 

environment and ecotechnics, similar in 

74.19%, since both are related in ecological 

aspects. 

 

- The environmental categories present a 

similarity between the four, of 58.16% and 

together they are similar with transversality 

in 45.19%. 

 

- Analyzing the educational offer as a system 

and applying the proposed methodology 

that includes uncertainty, it is seen that the 

three clusters are similar in 32.87%, that is, 

that the adjectives that characterize 

environmental thinking in BUAP are 

similar in equivalent proportions. 

 

In short, the number of times the 

attributes were identified and their grouping into 

categories considering uncertainty, showed 

homogeneous groups, unknown a priori, which 

allowed to verify their integration and 

relationship with the environmental and 

socioeconomic areas of university environmental 

thought, within of the educational offer published 

in the admissions of 2017. 

 

It should be noted that this 

methodological process of generating knowledge 

from databases can be used in texts (printed or 

electronic) related to environmental thinking in 

HEIs. 
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Conclusions 

 

The analysis and the results obtained from the 

two stages of the methodological proposal allow 

to raise the following conclusions: 

 

- The result of this work is evidence that the 

analysis of the phenomena of 

Environmental Sciences requires tools for 

the perception, interpretation and modeling 

of data, with a holistic approach and 

considering uncertainty as part of them, 

being fuzzy logic a tool for its study. 

 

- The study of the principles of 

environmental thought, from the 

perspective of the environmental and the 

socioeconomic, offers a new way of 

incorporating the philosophy of 

environmental thought in the university 

environment into the interior of BUAP. 

 

- The methodology proposed in this work, 

based on the tools of text mining and the 

KDD process, can be applied in any subject 

that has historical textual data that is 

available in electronic or physical media, 

related to university environmental 

thought, such as: educational offer, 

institutional plans, educational model, 

disciplinary, multidisciplinary or 

transversal subjects, research, thesis, etc. 
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