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ABSTRACT

An edublog is presented, developed to promote the application of multivariate statistical analysis techniques to ecological and biological
data. Using the R package ade4 and its graphical interface ade4TkGUI, six of the most commonly used techniques are reviewed: Principal
Component Analysis, Simple Correspondence Analysis, Multiple Correspondence Analysis, Canonical Correspondence Analysis, Discri-
minant Analysis and Cluster Analysis, each illustrated with examples applied to real or simulated datasets. Facilitating the application
of multivariate analysis through an accessible graphical interface that allows users to visualize results and interpret graphs without the
need for programming. Hosted on the virtual campus of FES Zaragoza, this edublog serves as a teaching aid for the Multivariate Statistics
course in the Biology degree program. By comparing programming-based approaches with the use of this graphical interface, it has pro-
ven useful in allowing students and academics to access topics considered complex or difficult to understand in a ‘user-friendly’ manner.
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RESUMEN

Se presenta un edublog desarrollado para promover la aplicacion de técnicas de analisis estadistico multivariado a datos ecoldgicos y
biolégicos. Utilizando el paquete ade4 de Ry su interfaz grafica ade4TkGUI, se revisan seis de las técnicas de uso mas comun: Analisis
de Componentes Principales, Correspondencias Simples, Correspondencias Multiples, Correspondencias Candnicas, Analisis Discrimi-
nante y Andlisis de ClUster, cada una de ellas ilustrada con ejemplos aplicados a conjuntos de datos reales o simulados. Facilitando la
aplicacion del andlisis multivariado, mediante una interfaz grafica accesible que permite visualizar resultados e interpretar graficos sin
necesidad de programar. Alojado en el campus virtual de la FES Zaragoza, se utiliza como apoyo didactico para impartir el curso curricular
de estadistica multivariada de la carrera de Biologia, donde mediante una comparacion de las opciones de programacion y el uso de
esta interfaz grafica ha mostrado su utilidad al permitir a estudiantes y académicos acceder de forma “amigable” a temas considerados
complejos o dificiles de entender.
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INTRODUCTION

Multivariate analysis groups together a set of statistical techniques that simultaneously exa-
mine multiple variables, allowing a more detailed study of the structures, associations, and complex
relationships present in the data. Multivariate methods implement procedures that simplify the
complexity and dimensionality of the data, offering a more comprehensive and accurate view (1).
In ecology, these techniques allow exploring how different environmental and biological factors
interact in the distribution and abundance of species, being useful in restoration studies, plant
community management, and ecological gradient analysis (2).

Among the most commonly used multivariate techniques are: Principal Component Analy-
sis (ACP), which reduces the number of variables by grouping them into axes that explain a large
part of the variation; Simple Correspondence Analysis (ACS), used to detect relationships between
species and habitats from contingency tables; Multiple Correspondence Analysis (ACM), oriented
toward categorical variables, useful for visualizing frequent combinations and analyzing ecological
profiles; Canonical Correspondence Analysis (ACC), which relates environmental and biological va-
riables in order to identify the factors that explain changes in communities; Discriminant Analysis
(AD), which assigns observations to predefined groups; and Cluster Analysis, which groups similar
observations without the need for previously established categories (3).

The advancement and use of these techniques have been facilitated by computational tools
such as the R statistical analysis environment, widely used in ecological studies due to its ability to
process large amounts of data, apply complex methods, and create graphical visualizations that
facilitate the interpretation of the analysis. Its open-source nature and the support of an active
scientific commmunity have facilitated its acceptance, especially due to its capacity to enable repro-
ducible analyses (4,5). In the R environment, among the specialized tools is ade4, created speci-
fically for the multivariate analysis of ecological and environmental data. This tool was developed
at the Laboratory of Biometry and Evolutionary Biology of Claude Bernard University Lyon and
allows graphical visualization of the complex relationships between biological and environmental
variables. Furthermore, it has a graphical interface called ade4TkGUI, which simplifies its use for
users without programming experience, since it allows analyses to be performed and results to be
explored through intuitive menus (6).

Due to its visualization-focused design, the graphical interface has contributed not only to
the incorporation of multivariate analysis in research, but also to its use as an educational tool to
teach statistical techniques in digital environments. This interface reduces the difficulties inherent
in programming for students and beginner or occasional users, making it an option for integration
into learning platforms supported by digital technologies. Its use allows data exploration and the
development of analytical skills through interactive environments centered on the active cons-
truction of knowledge (7).

The incorporation of digital technologies in the educational field has generated new ways of
acquiring, developing, and applying knowledge. Information and Communication Technologies
(ICT) are digital resources that facilitate the storage, processing, and transmission of information.
However, their effective implementation depends not only on their availability but on the instruc-
tional approach with which they are integrated (8,9). In response to the need to go beyond an
approach focused solely on access to information, the concept of Learning and Knowledge Tech-
nologies (TAC) emerges. Unlike ICT, TAC seek to transform that access into meaningful and prac-
tical learning. These technologies promote the active use of digital resources to strengthen skills,
stimulate participation, and support the construction of knowledge. Among them are educational
platforms, interactive content, and collaborative tools, whose integration favors student participa-
tion and the development of competencies such as problem-solving and collaborative work (11).

In this framework, edublogs represent a specific application of TAC in the educational en-
vironment. They are virtual spaces that promote communication, reflection, and collaboration.
Their structure allows the dissemination of content, the expression of ideas, and the recording of
learning processes in an open and constant manner. In the university context, they have proven
effective in encouraging active participation, collaborative work, and the strengthening of digital
skills (12,13). Likewise, they stand out for their accessibility, ease of use, and applicability in teaching,
constituting a concrete example of how TAC favor the active participation of the student in their
own learning (14). The edublog offers a specialized virtual space for the multivariate analysis of eco-
logical and biological data, using the ade4 statistical package together with its graphical interface.
In a complementary manner, the vegan library, focused on the analysis of vegetation, was used.

Aimed at students and professionals in Ecology, this digital resource provides an interactive
environment that integrates organized content, practical examples, and additional materials. Its
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purpose is to facilitate access to advanced statistical tools and the development of skills in the
analysis and interpretation of complex problems in ecological and biological contexts (15,16).

This resource is used as supporting material in the multivariate statistics course taught in
the Biology degree program at FES Zaragoza.

METHODS

Initially, a documentary and applied work was developed, aimed at developing an edublog
as a tool to facilitate the application of multivariate analysis to ecological and biological data, using
the ade4 package of R, particularly in its graphical interface ade4TkGUI. The method was structured
in three main stages ranging from bibliographic review to digital implementation.

The first stage consisted of a literature review and collection of materials. To this end, a search
and analysis of relevant information on the ade4 library and its main functions was carried out.
Specialized books, scientific articles, user manuals, and online resources such as forums, tutorials,
and academic platforms were consulted. Likewise, examples developed in R were reviewed, both
from the ade4 graphical interface and from R Commander.

In the second stage, the selection and adaptation of examples was carried out. Suitable
examples were identified to illustrate the multivariate techniques of ACP, ACS, ACM, ACC, AD,
and cluster. These examples were adapted using ecological and biological datasets included in
the ade4 package, and were documented step by step through the use of ade4TkGUI. They are
presented as a guide.

The guide was adapted to an interactive digital environment by creating an educational blog
that allows navigation through thematic sections, visualization of graphs, code snippets, datasets,
and results. This edublog is intended as a complementary resource for those beginning in multiva-
riate analysis and seeking a tool with practical examples oriented toward ecological interpretation.

For the development of the project, various materials were used. Regarding software, the
R environment (version 4.3), the ade4 package, the ade4TkGUI interface, R Commander, and the
Microsoft Office suite were used. Bibliographic sources included ade4 manuals and official docu-
mentation, scientific articles on multivariate analysis in ecology, specialized books, open-access
academic theses, and digital resources such as blogs, forums, and tutorials. Among the comple-
mentary tools, web browsers and academic search engines such as Google Scholar, Semantic
Scholar, and SciELO were used. The WordPress platform was used for publication.

Regarding the data, we worked with datasets included in the ade4 library, in addition to
simulated databases and examples specifically adapted to illustrate the analyses. Datasets were
also generated with artificial intelligence tools to represent practical cases.

RESULTS

The edublog was designed and developed on the digital platform of the Center for the Tea-
ching of Advanced Technologies (CETA) of FES Zaragoza https://blogceta.zaragoza.unam.mx/ade4
(Figurel). This space is aimed at students and teachers interested in the use of multivariate analysis
of ecological and biological data. For the edublog, 22 pages were designed, showing a minimum
of information and the development of examples.

The edublog is organized into thematic sections that allow the user to explore step by step 6
different multivariate techniques. Each blog entry contains a brief theoretical introduction, screens-
hots of the ade4TkGUI graphical interface, applied examples, code snippets, links to the datasets
used, and output graphs, which facilitates autonomous learning and replication of the analyses
(Figure 2).

The edublog contains six multivariate statistical techniques and six examples of each, orga-
nized into independent entries (Figure 3).

The section dedicated to ACP shows the complete procedure for performing this analysis,
including data set selection, standardization, generation of graphs, and visualization of the princi-
pal axes. Images of the examples with real data and output graphs are included, accompanied by
guidelines for their interpretation.

In the case of AC, it documents how to load a contingency table, select correspondence
analysis, and visualize the resulting factorial planes. The publication guides the user in the graphical
interpretation of associations between rows and columns, using visual resources and screenshots
of the analysis environment.
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Figure 1. Edublog Multivariate Analysis Ecology

The entry corresponding to ACM presents the use of the method on matrices with multiple
categorical variables. It shows how to convert the data to complete disjunctive format from the
interface, apply the analysis, and visualize the results.

In the case of ACC, the necessary steps to link 2 tables (environmental and biological) from the
graphical interface are described. Applied examples, analysis configurations, and joint visualizations
of variables and observations are included. The graphs are accompanied by simple instructions
that guide the user in exploring relationships between data sets.

The AD entry shows how to assign factors to known groups, run the discriminant analysis, and
project the results onto the factorial space. Screenshots of the selection of variables and functions
are shown, along with classification plots by colored groups, focused on facilitating their reading
and visual interpretation.

Finally, the section on Cluster Analysis describes how to apply different hierarchical methods,
adjust the number of groups, and represent the groupings on planes generated by previous analy-
ses. The use of tools such as the group slider, graphical visualization options, and results export is
documented.

This material is made available to students, who are asked to develop their own materials to
explain some of the reviewed techniques. These works are presented in the same blog (Figure 4).

Figure 2. a) Theory and data set. b) Example with code and use of the graphical interface. c) Graphs
generated by the graphical interface.
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Figure 3. Pages of the edublog corresponding to each multivariate technique. a) ACP. b) ACS. c) ACM. d)
AD. e) ACC. f) Cluster Analysis.

Figure 4. Works developed by students.

DISCUSSION

A didactic resource was generated with the aim of shortening the learning curve by reducing
the need to handle R programming code, making multivariate analysis more accessible to new
users. By focusing on the use of the graphical interface, the edublog enables students and acade-
mics to concentrate on conceptual understanding and analysis of results with minimal program-

ming knowledge. This allows novice and occasional users to apply advanced statistical techniques
quickly and with relative ease.
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Another contribution of the blog lies in the combination of various multivariate techniques
with the visual structure provided by the graphical interface. This tool enables users to perform, wi-
thin the same environment, analyses such as ACP, ACS, ACM, AD, and Cluster through menus, dialog
boxes, and configurable options, facilitating navigation among methods of different complexity.

The review and use of the vegan package enables the performance of ACC, expanding the set
of available techniques. This combination of packages improves the selection of methods accor-
ding to the type of data and expands the possibilities for statistical exploration and interpretation.
The application of this technique is important in current ecological studies, as it allows relating
abundance and diversity data with environmental data.

Although the ade4 package and its graphical interface were designed for the analysis of
ecological and biological data, their application is not limited to these fields. Their versatility and
variety of multivariate techniques allow their use to be extended to other disciplines, broadening
the potential impact of the edublog and offering the possibility of performing advanced statistical
analyses in other contexts.

Although the graphical interface reduces the need for programming to carry out the analy-
ses, it does not completely replace the use of code. In particular, detailed numerical processing
of results, such as obtaining coordinates, eigenvalues, or contribution measures, still requires the
use of R commmands. Therefore, the graphical interface functions as a complementary tool that is
especially useful during the exploratory and visual phase of multivariate analyses, but it has limita-
tions in terms of customization and more detailed analysis. Thus, it is aimed primarily at beginner
users, although it may fall short for those with a more advanced level.

It has proven its usefulness as a didactic resource, since students have base material to begin
studying these topics and performing multivariate analyses on real data or data from the literature,
until they reach the development of a topic with the corresponding data handling and application
of interpretation criteria.

CONCLUSION

Multivariate analysis is a powerful tool for studying complex data and structures, especially
in ecological and biological contexts, where relationships among multiple variables are key to
understanding patterns and processes. In this regard, an edublog was developed that not only
disseminates knowledge but also promotes the development of analytical skills through the inte-
gration of educational technology.

The edublog constitutes an effective application of technology for learning and practicing
multivariate analysis by incorporating 6 distinct techniques that allow working with both quanti-
tative and categorical variables. The inclusion of these methodologies expands the possibilities of
analysis and facilitates understanding of their theoretical foundations and practical applications.

The strength of the developed material lies in the use of the ade4 library and its graphical
interface, which allows performing multiple analyses within the same platform, reducing the need
to write code. Nevertheless, it should be noted that this functionality does not completely replace
the use of R programming, since certain advanced analyses and detailed processing of results still
require intervention through code.

The ade4 library represents an effective tool for the statistical analysis of ecological data,
thanks to the diversity of methods it makes available to the user. Although it was developed with
a specific focus on biology and ecology, its versatility allows its use to be extended to other disci-
plines, which broadens the impact and potential reach of the edublog. Overall, it was possible to
demonstrate how the strategic use of digital tools can facilitate the learning of complex statistical
techniques and their application in various fields of knowledge.

As a study resource, it has proven useful, since for some students it is the first time they
encounter these topics or use this type of software tools; by the end of the course, they have deve-
loped materials on a specific technique with a good academic level that are useful to those who
consult them.
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