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Abstract

The sustainability of information poses an ever-greater challenge in the digital age, particu-
larly within local media ecosystems, where access to technology does not necessarily lead
to informed participation or stronger ties with institutions. In contexts such as Ecuador,
persistent inequalities shape the way people access, use and trust information, reinforcing
complex forms of the digital divide. This study analyses how the sustainability of infor-
mation is reflected in media consumption patterns and levels of institutional engagement
within a regional context. Based on a survey of 1784 people in the province of Imbabura,
the study applies a combined approach using cluster analysis and random forest models to
identify distinct audience profiles. The results reveal four distinct groups, demonstrating
that the intensity and diversity of media use are more relevant than mere digital access.
High levels of digital use do not guarantee greater institutional engagement; instead, hy-
brid patterns emerge that combine traditional, digital and institutional media in different
ways. The findings show that digital access alone is not sufficient to ensure information
sustainability or the formation of institutional opinion. From a public policy perspective,
universities and public institutions should promote digital literacy, build trust and design
more targeted communication strategies to reduce information inequalities and foster
informed participation.

Keywords: information sustainability; social sustainability; digital divide; media consump-
tion profiles; institutional engagement; university media; local media ecosystems; machine
learning; cluster analysis; random forest; Ecuador

1. Introduction

Sustainability is a multifaceted concept that transcends strictly environmental ap-
proaches and incorporates social, informational, and institutional dimensions. From the
perspective of social sustainability, the emphasis lies on the impact that organisations
have on individuals and society, with the aim of ensuring equitable access to social re-
sources, opportunities, and quality of life for present and future generations [1]. In this
context, information assumes a central role, as it constitutes an essential resource for civic
participation, social cohesion, and informed decision-making.

Improving well-being, ensuring a fair distribution of resources, valuing diversity,
fostering social cohesion, and promoting inclusive governance are key principles of social
sustainability. Across different productive sectors, such as the textile and agricultural
sectors, these principles translate into practices that positively impact workers, local com-
munities, and society as a whole [2]. However, in the informational domain, these objectives
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are shaped by the profound transformations resulting from the digitalisation of media
ecosystems and by persistent inequalities in access to and use of information.

Although the expansion of digital platforms has broadened opportunities for access
to information and interaction between institutions and audiences, this process does not
automatically guarantee greater institutional participation or improved construction of
public opinion. The literature warns that digitalisation may produce ambivalent effects:
while excessive institutional influence can lead to polarisation, a moderate and sustained
presence has greater potential to foster consensus, trust, and institutional legitimacy [3].
Consequently, digital access alone does not constitute a sufficient condition to ensure
information sustainability or institutional engagement.

In this regard, the digital disconnection observed in certain population segments does
not necessarily reflect attitudes of rejection towards information or institutions; rather,
in many cases, it is driven by structural limitations associated with unequal access to
devices, connectivity, and digital competences. This situation is particularly evident in
economically disadvantaged communities, where such constraints restrict full participation
in contemporary informational environments [4-6]. These inequalities not only affect access
to digital education [7], but also limit the ability to form informed opinions and establish
sustained links with institutions.

In the educational domain, university media function as strategic actors for social and
informational sustainability, as they contribute to knowledge dissemination, the strength-
ening of institutional ties, and the construction of public opinion within the territories in
which they operate. However, these media face the challenge of adapting to new informa-
tion consumption habits, particularly among younger audiences, which entails exploring
short digital formats, social media-oriented content, and participatory strategies that ac-
tively involve students in media production [8]. The capacity of university media to fulfil
their social function therefore depends on their effective articulation with local and digital
media ecosystems.

In the Ecuadorian case, empirical evidence indicates a predominant use of social media
as a source of information, accompanied by increased risks of misinformation and signifi-
cant disparities in media literacy, content verification, and trust in information sources [9].
Similarly, gaps have been identified in access, use, and informational competences, with
direct effects on decision-making and the performance of different social groups [10,11], as
well as the central role of social media in shaping political imaginaries and public opinion,
particularly among young people [12].

International and national studies on institutional communication have primarily
focused on analysing content strategies and the use of social media by institutions, reveal-
ing predominantly informative and unidirectional communication, with limited levels of
segmentation and personalisation [13-16]. Furthermore, research examining institutional
perception, credibility, or trust continues to rely largely on traditional statistical meth-
ods, such as regression analyses or structural equation modelling, without systematically
incorporating machine learning techniques [17-19].

There remains a limited number of studies applying machine learning approaches to
segment audiences and analyse media consumption patterns in relation to institutional
perception and engagement. Most of this research focuses on content personalisation
or general characterisation of digital behaviour, without jointly integrating media con-
sumption, levels of digitalisation, and the construction of institutional opinion [20-23]. In
Ecuador, machine learning-based studies have primarily focused on predicting digital be-
haviour, without comprehensively addressing these dimensions [24], thereby highlighting
a particularly relevant knowledge gap in local Latin American contexts.
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This study contributes to the literature by operationalising information sustainability
through empirical segmentation based on machine learning, thereby expanding predomi-
nantly normative approaches. Furthermore, Latin America exhibits hybrid media dynamics
that combine analogue traditions with uneven digitalisation, making the Ecuadorian case a
particularly relevant setting for analysing information sustainability.

In response to this gap, the present study aims to identify audience profiles based on
media consumption and levels of digitalisation, and to analyse how these profiles relate to
the construction of institutional opinion in the Ecuadorian context as part of the analysis of
the SI. To this end, the following hypotheses are proposed:

H1. The level of digital media use significantly influences the configuration of differentiated
information consumption profiles within the local media ecosystem.

H2. A higher level of informational digitalisation does not guarantee greater institutional engage-
ment; rather, it gives rise to hybrid configurations of media consumption.

H3. The frequency of consumption of institutional media is positively associated with a favourable
evaluation of academic management and university content.

H4. Informational profiles within the local media ecosystem exhibit hybrid configurations charac-
terised by the combination of traditional, digital, and institutional media consumption at varying
levels of intensity.

H5. The digital divide in local contexts is a multidimensional phenomenon better explained by
differences in media consumption patterns and institutional perceptions than by isolated technologi-
cal access.

Hé6. Variables related to digitalisation and institutional media consumption enable robust prediction
of membership in differentiated informational profiles through machine learning models.

To this end, a methodology based on cluster analysis and Random Forest models
is applied in order to provide empirical evidence to inform the design of segmented
institutional communication strategies aimed at strengthening information sustainability
and reducing digital divides in local media ecosystems.

2. Literature Review
2.1. Social and Informational Sustainability

Equitable access to information constitutes an essential component of social sustain-
ability, as it ensures that individuals are able to form informed opinions and participate
actively and responsibly in social, political, and institutional life. This approach is closely
linked to the principles of social justice, equity, and community cohesion, and is particularly
relevant in contexts where informational inequalities disproportionately affect socially and
economically vulnerable groups [25,26].

From a democratic perspective, access to diverse and reliable information is funda-
mental to the exercise of citizenship, as it enables individuals to critically assess public
governance, demand accountability, and make informed decisions [27,28]. However, this
ideal is challenged by the persistence of structural inequalities and by the influence of
power relations that may limit the visibility of certain voices and perspectives within the
informational ecosystem [29].

In this context, the notion of information sustainability (IS) is associated with the role
of information systems and media ecosystems in supporting the Sustainable Development
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Goals (SDGs). Several studies indicate that the sustainable management of information
systems can contribute to improving resource efficiency, strengthening social responsibility,
and generating long-term economic and social value [30,31]. This mutual interaction
between sustainability and IS management involves assessing the environmental, social,
and economic impacts of these systems [32]. Therefore, the integration of sustainability
criteria into information management entails a comprehensive evaluation of the social,
economic, and organisational impacts of communication systems and channels.

The formation of informed opinion thus constitutes a central pillar of social sus-
tainability, as it directly influences equity, social cohesion, and community participation.
Ensuring equitable informational conditions not only promotes collective well-being, but
also strengthens social resilience and the capacity of communities to address present and
future structural challenges [1,33].

In this study, the concept of information sustainability is understood not merely as ac-
cess to information, but as the structural capacity of a media ecosystem to ensure equitable,
stable and meaningful conditions for the production, circulation, access, use and appropria-
tion of information over time. From this perspective, information sustainability implies not
only technological availability, but also the existence of dynamics that promote diversity of
sources, quality of information, the formation of informed opinion and interaction with
institutions within a given media environment.

In this regard, it is important to distinguish between IS as a theoretical construct
and the empirical indicators used for its analysis; for this reason, in the present study,
IS is not measured directly, but is operationalised through proxy variables related to the
informational behaviour of individuals within the media ecosystem, specifically: media
consumption patterns; the level of digitalisation; and the degree of interaction and institu-
tional perception. These dimensions allow us to indirectly capture the conditions under
which individuals access, process and use information.

Therefore, the analysis of media consumption profiles is not an end in itself, but
rather an analytical tool for understanding IS as a structural phenomenon, insofar as it
reveals inequalities in exposure, use, trust and institutional integration within the local
information ecosystem.

2.2. The Digital Divide and Media Use

The digital divide refers to inequalities in access to, use of, and effective appropriation
of digital technologies and informational content. This phenomenon is not limited to
a strictly technological dimension; rather, it reflects deep social inequalities associated
with factors such as socio-economic status, education, age, gender, and geographical
location [34,35].

The literature distinguishes different levels of the digital divide. The first level relates
to physical access to technological infrastructure, including the availability of devices
and internet connectivity, where economic and territorial conditions play a decisive role.
Therefore, improving infrastructure—particularly in rural or peripheral areas—is essential
to reduce this type of exclusion [36].

The second level of the digital divide is associated with differences in digital com-
petences and patterns of use. Previous studies indicate that higher levels of education
and income are associated with more diverse and sophisticated uses of digital technolo-
gies, whereas limited digital literacy constrains meaningful appropriation of informational
environments [37-39].

The third-level digital divide, in turn, focuses on the outcomes derived from the use
of digital technologies, such as economic, social, and civic benefits. Empirical evidence
indicates that the impact of internet use is not homogeneous and that, in certain contexts,
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groups with fewer resources may benefit unequally, reinforcing the need for public policies
and institutional strategies aimed at ensuring equitable outcomes [36,40].

In the media domain, the maturity of digital media varies significantly across countries
and regions, shaped by economic, infrastructural, and political factors [41]. Likewise,
the use of social media may contribute both to reducing and deepening digital divides,
depending on patterns of access, use, and the content consumed [42,43]. By contrast,
the consumption of traditional media remains relevant; however, the transition towards
digital environments has highlighted the importance of digital competences for meaningful
informational use, which may intensify existing knowledge gaps [44,45].

Overall, the digital divide constitutes a multifaceted phenomenon that directly affects
access to information and media consumption habits. Addressing it requires a comprehen-
sive approach that combines improvements in physical access, the development of digital
competences, and the promotion of equitable informational outcomes.

2.3. Media Consumption and Opinion Construction

Media consumption plays a decisive role in the formation of public opinion, as it
influences the ways in which individuals process, interpret, and respond to available
information. The construction of informed opinion contributes to strengthening community
participation, promoting equity, and fostering more effective decision-making processes,
which are key elements in the development of more resilient and sustainable societies [46].

Various socio-demographic factors influence media consumption patterns and, conse-
quently, the formation of opinion. Age, level of education, and political interest shape the
selection of information sources, such that younger individuals with higher levels of educa-
tion tend to favour digital environments, whereas older groups show a stronger preference
for traditional media such as television [47,48]. In political contexts, media consumption
may generate polarised opinions; for example, in China, state media and social media
platforms exert differing influences on public opinion regarding foreign policy [49].

From a dynamic perspective, theoretical and mathematical models have demonstrated
that the media can accelerate the diffusion of opinions and influence the equilibrium of
public opinion, particularly when informational interventions are directed at individuals
with greater attitudinal flexibility [50,51]. Likewise, the influence of opinion leaders, media
celebrities, and influencers—through parasocial relationships—can significantly shape
public perceptions and attitudes [52].

In this regard, media consumption—whether through digital platforms or traditional
media—not only facilitates the circulation of information, but also conditions the capacity
to develop an institutionally informed opinion. The absence of an explicit opinion may
therefore be interpreted as an indicator of limited informational exposure rather than a
negative or dismissive attitude, which is particularly relevant for the analysis of audiences
with limited media engagement [53,54].

2.4. Universities and Institutional Media

Universities play a strategic role in promoting social and informational sustainability,
as they function as spaces for the production, dissemination, and legitimisation of knowl-
edge. Through their institutional media and digital platforms, higher education institutions
contribute to the construction of an informed citizenry and to strengthening their links
with the territories in which they operate [55,56].

The integration of traditional, digital, and university media constitutes a media ecosys-
tem with the potential to foster local development and community participation. While
traditional media remain relevant, their articulation with digital platforms enables the cre-
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ation of more interactive and transparent informational environments, thereby expanding
opportunities for learning and dialogue with audiences [57].

Furthermore, the integration of sustainability into the core functions of universities—
such as teaching, research, and engagement with society—contributes to promoting long-
term social transformations [58-60]. The way in which universities communicate their
sustainability initiatives and values directly influences their institutional image and public
perception, reinforcing their positioning as key actors in sustainable development [13,61].

However, recent studies warn that, despite the potential of social media and institu-
tional media, levels of audience interaction tend to remain limited, thereby restricting their
dialogic capacity and informational impact [58,62]. In this context, the strategic and seg-
mented use of university media is essential for strengthening informational sustainability,
fostering institutional engagement, and reducing gaps in access and participation within
local media ecosystems [63—65].

2.5. Theoretical Framework

Media Ecosystem Theory constitutes the conceptual framework underpinning this
study. This perspective, initially developed by Marshall McLuhan [66] and Neil Post-
man [67], and subsequently expanded in the digital context by Philip Napoli [68], Satish
Nambisan et al. [69], and Peter Verhoef et al. [70], posits that media do not operate in
isolation but rather as interdependent systems in which technologies, institutions, and
audiences co-evolve dynamically.

From this perspective, the media environment functions as a complex ecosystem
in which each element—such as digital platforms, traditional media, institutions, and
users—structurally influences the configuration of informational behaviours. Digital trans-
formation does not entail the linear replacement of traditional media by digital media;
rather, it involves a systemic reconfiguration of the communicational environment, in
which hybrid patterns of consumption, trust, and institutional engagement emerge.

Applied to the university and territorial context, this theory makes it possible to
understand that informational sustainability does not depend exclusively on technological
access, but rather on the interaction between:

Intensity of media consumption;
Level of digitalisation;
Institutional perception;

Content evaluation.

3. Methodology

The present study adopts a quantitative, explanatory, and predictive approach, com-
bining unsupervised multivariate analysis techniques and supervised machine learning,
with the aim of identifying, structuring, and validating typologies of media consumption
and institutional interaction within the university communication ecosystem.

The integration of exploratory techniques—Multiple Correspondence Analysis and
Hierarchical Clustering on Principal Components (MCA + HCPC)—with Random Forest
(RF) machine learning algorithms responds to recent recommendations in research on
organisational sustainability, which emphasise the need to combine structural segmentation
with predictive validation in order to strengthen methodological robustness [71-73].

Generative Al tools (ChatGPT-5.4) were used exclusively to assist with language
editing, grammar correction, and clarity improvements in parts of the manuscript. The Al
tool was also used to support text organization and improve readability.
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3.1. Database

The data collection instrument consisted of a structured survey designed to compre-
hensively measure media consumption patterns and levels of institutional interaction in
the province of Imbabura, comprising a total of 1784 observations.

The questionnaire was developed using a multidimensional approach, considering
both exposure to traditional media and the transition towards digital environments, as well
as institutional perceptions associated with university media. This structure enabled the
capture not only of frequency of use, but also of intensity, preferences, satisfaction, and the
relative importance assigned to alternative platforms.

The instrument consisted of 34 items organised into six clearly differentiated thematic
blocks, which are presented in relation to the underlying theoretical framework in Table 1:

Table 1. Relationship between the underlying theoretical framework and the questionnaire blocks
used in the survey.

Component of the

Questionnaire Block Media Ecosystem Analytical Dimension  Operational Variables Role in the Model
(Basic Theory)
Radio and television
1. Traditional media (radio  Traditional Conventional consumption frequency  Secondary structural

and television) media subsystem media exposure (CF_MT), dimension (MCA)
Channel preference
Persistence of . Reading and
2. Print media the offline Print acquisition of print Complementary
’ media consumption variable in MCA

media ecosystem

media (CF_MI)

3. Digital media (reading

and platform use)

Digitalisation of the
media ecosystem

Intensity and
digital transition

Platform usage
(UP_DI), Digital
frequency (F_U),

Main axis of
differentiation (MCA
and RF—Hierarchical

Digital press
reagdersﬁip (CF_MD) level 1)
Institutional
consumption (CF_U),
University Institutional
Institutional Symbolic capital and television-UTV structural dimension
4. Institutional opinion integration within Y P assessment (SC_UTV), (MCA and

the ecosystem

institutional trust

Northern Technical
University-UTN
management
assessment (ER_UTN)

RF—Hierarchical
level 2)

5. Sociodemographic data

Structural
determinants of the
social system

Contextual factors

Age, gender,
occupation, level of
education, territory

Control variables and
cluster
characterisation

6. Internal field control

Structural validation
of the
measurement system

Methodological quality

Monitoring and
validation variables

Guarantee of
survey consistency

Although the instrument included relevant sociodemographic variables, these were
not incorporated into the segmentation process using Multiple Correspondence Analysis
(MCA) and Hierarchical Cluster Analysis (HCPC); this decision was driven by the need
to construct clusters based on patterns of news consumption and institutional perception,
thereby preventing external structural characteristics from influencing the formation of
the clusters. This decision is in line with the literature, which recommends prioritising
behavioural variables in segmentation processes to capture interaction dynamics more
accurately and avoid biases arising from sociodemographic attributes [70,74,75].
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The instrument primarily incorporated qualitative variables of a nominal and ordinal
nature. It included polytomous nominal categories associated with media preferences, oc-
cupation, and territorial location, as well as Likert-type ordinal scales to measure frequency
of consumption and intensity of satisfaction.

Whilst Principal Component Analysis (PCA) is geared towards the analysis of contin-
uous variables through the decomposition of variance, Multiple Correspondence Analysis
(MCA) is specifically designed for the analysis of categorical variables, using the decom-
position of inertia in contingency matrices; this methodological difference allows MCA to
capture associations between categories, rather than linear correlations; among the main
advantages is the ability to simultaneously analyse individuals and categories within the
same factorial space, facilitating the exploration of latent structures; one of the main limi-
tations is the interpretation of dimensions, which may depend to a greater extent on the
researcher’s analytical judgement [76,77]

Given the nature of the variables, which are categorical and ordinal Likert-type, Mul-
tiple Correspondence Analysis (MCA) was employed as an appropriate technique for
modelling latent structures in categorical data without imposing assumptions of normal-
ity [77,78]. The use of this technique is particularly suitable in sustainable segmentation
studies, where patterns of perception and consumption are often structured in unobservable
latent dimensions [79-81].

3.2. Dimensionality Reduction Using Multiple Correspondence Analysis (MCA)

Multiple Correspondence Analysis (MCA) was employed as a dimensionality reduc-
tion technique, as it allows for the modelling of latent structures in high-dimensional
contingency matrices without requiring assumptions of normality or linearity. This makes
it a suitable tool for studies of institutional behaviour and perception [80], particularly
given that the data collection instrument was predominantly composed of ordinal categori-
cal variables.

In contexts of organisational sustainability and institutional communication, where
constructs are often composed of perceptions, frequencies of use, and qualitative eval-
uations, MCA facilitates the identification of underlying structural axes that organise
collective behaviour [82].

The MCA results (Table 2) indicate that the first two dimensions account for the entirety
of the inertia retained in the reduced factorial space, thereby confirming the existence of a
stable two-dimensional structure that is sufficiently informative for segmentation purposes.

Table 2. Results of Multiple Correspondence Analysis (MCA).

Indicator Dimension 1 Dimension 2

Eigenvalue 0.264 0.172
Proportion of explained inertia 60.5% 39.5%

In methodological terms, Dimension 1 presented an eigenvalue of 0.264 and explained
60.5% of the total retained inertia, thus constituting the primary axis structuring the data
space. The operational interpretation of this axis was based on the categories with the
highest absolute coordinates, revealing a concentration of modalities associated with
institutional consumption frequency (CF_U), content evaluation (CF_E), and perceptions
of UTV (SC_UTYV). Consequently, this axis was methodologically defined as a gradient of
intensity and evaluation of institutional engagement.

Dimension 2, in turn, presented an eigenvalue of 0.172 and explained 39.5% of the
retained inertia. The categories with the greatest geometric weight on this axis were associ-
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ated with the use of digital platforms (UP_DI) and frequency of digital use (F_U), allowing
it to be interpreted operationally as an axis of digitalisation and informational patterns.

It is important to note that this interpretation is conducted exclusively for structural
purposes, in order to understand the geometric organisation of the factorial space prior
to hierarchical classification. The dimensions derived from MCA represent latent axes
structuring informational behaviour rather than directly observable variables, in line with
the theoretical foundations of geometric data analysis.

3.3. Hierarchical Clustering on Principal Components (HCPC)

In order to identify homogeneous profiles of informational behaviour, the Hierarchical
Clustering on Principal Components (HCPC) procedure was applied. This method com-
bines factorial dimensionality reduction and hierarchical clustering within a sequential
framework. It has proven particularly suitable in segmentation studies based on categorical
variables, as it enables the reduction in the dimensionality of the data space prior to the
application of clustering techniques, thereby improving the stability and interpretability of
the resulting clusters [83].

The classification was performed on the factorial coordinates obtained from the MCA,
using Euclidean distance as the proximity metric. Subsequently, Ward’s method was ap-
plied, which minimises intra-cluster variance at each stage of aggregation, favouring the
formation of compact and well-differentiated groups [84]. This criterion is widely recom-
mended in recent research in the social sciences and sustainability due to its robustness in
handling complex categorical structures [85,86]. The number of clusters was determined
using a combined approach that integrates statistical and interpretability criteria; analysis of
the dendrogram revealed a significant jump in the fusion distance when moving from four
to three clusters, suggesting a substantial loss of information when reducing the solution to
fewer groups, This behaviour is consistent with the literature on hierarchical clustering,
where abrupt changes in inertia or distance indicate optimal partitions [87].

3.4. Supervised Validation Using Random Forest

In order to evaluate the structural consistency of the clusters identified through HCPC,
a supervised Random Forest (RF) model was implemented. This procedure enabled the
assessment of the predictive stability of the clusters and reduced exclusive reliance on
unsupervised techniques.

The Random Forest algorithm, proposed by Leo Breiman [88], is an ensemble learning
method based on constructing multiple decision trees using bootstrap samples of the data
and random selection of variables at each node. This approach reduces the variance of
individual models and improves generalisation capacity, and is widely used in multiclass
classification contexts with complex structures [89].

In this study, the clusters obtained through HCPC were used as the target variable,
while the original categorical variables constituted the set of predictors. This design enabled
the evaluation of whether the identified segmentation structure could be reproduced
through a supervised model, thereby providing an indirect form of internal validation.

3.5. Hyperparameter Tuning

The model was calibrated using grid search with five-fold stratified cross-validation.
Different configurations of the number of trees, maximum depth, and number of variables
considered at each split were explored, with the optimal combination selected based on
the Macro-F1 score. This metric was chosen due to its suitability in multiclass contexts
with potentially unequal group sizes, as it assigns equal weight to performance across all
categories and avoids biases arising from the dominance of majority classes.
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3.6. Performance Evaluation

The final performance of the model was evaluated both on an independent test set
(hold-out) and through cross-validation (out-of-fold) across the entire dataset. Multiple
complementary metrics were reported: accuracy, balanced accuracy, Macro-F1, and the
Kappa coefficient. This combination provides a comprehensive assessment of predictive
performance and reduces reliance on a single global indicator, in line with recent recom-
mendations in ensemble-based explanatory modelling [90].

3.7. Robustness and Replicability

Dimensionality reduction using MCA enabled the structuring of the categorical space
into interpretable latent dimensions, reducing redundancy and facilitating more consistent
segmentation. Subsequently, supervised validation using Random Forest was implemented
with systematic hyperparameter tuning. The robustness of the model was evaluated using
cross-validation procedures to ensure the stability and generalisability of the results.

Multiple evaluation metrics (accuracy, balanced accuracy, Macro-F1, and the Kappa
coefficient) were employed to avoid dependence on a single global indicator. The analysis
of variable importance—both through impurity reduction and permutation importance—
allowed the consistency between the unsupervised structure and the supervised classi-
fication to be assessed. Finally, the use of fixed seeds in stochastic algorithms ensures
computational replicability, reinforcing the transparency and traceability of the analyti-
cal process.

4. Results
4.1. Factor Structure of the Informational Space

Multiple Correspondence Analysis identified a stable two-dimensional structure that
organises informational behaviour along two principal axes. The first dimension explained
60.5% of the retained inertia, while the second dimension accounted for 39.5%, jointly
capturing the entirety of the variability represented in the reduced space.

Dimension 1 revealed a gradient associated with the intensity and evaluation of insti-
tutional engagement. On the positive pole, categories were identified that correspond to
higher frequencies of institutional media consumption (CF_U), favourable content evalua-
tions (CF_E), and structured perceptions of UTV (SC_UTYV). By contrast, the negative pole
comprised categories associated with low consumption, limited institutional awareness, or
less favourable evaluations. This configuration suggests that the primary axis differentiates
levels of institutional engagement.

Dimension 2 distinguished patterns of informational digitalisation. The categories
with the highest coordinates were associated with the use of digital platforms (UP_DI)
and frequency of digital consumption (F_U), thereby defining an axis that differentiates
profiles with a high reliance on digital media from those characterised by less digitalised
informational practices.

4.2. Identification of Profiles Using HCPC

The application of the HCPC procedure on the factorial coordinates enabled the
identification of four distinct clusters (Figures 1 and 2, Table 3).

The analysis of standardised residuals allowed each group to be characterised based
on significantly overrepresented categories (1z| > 2). The identified profiles can be
summarised as follows:

The profiles reflecting differentiated combinations of institutional digitalisation, con-
sistent with the previously identified factorial structure, are presented below:

o  C(luster 1: High institutional engagement with recurrent consumption
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This profile is characterised by a high frequency of institutional media consump-
tion (CF_U), favourable content evaluations (CF_E), and structured perceptions of UTV
(SC_UTV). Individuals in this group exhibit a consolidated relationship with the insti-
tutional ecosystem, combining frequent interaction with positive evaluation. From a
structural perspective, this cluster is located at the positive pole of the institutional intensity
axis, indicating a high level of engagement. This pattern reflects not only consumption but
also a consistent process of recognition and favourable evaluation.

e  Cluster 2: Digital users with moderate institutional engagement

This group combines active use of digital platforms (UP_DI) and a medium-to-high
frequency of digital consumption (F_U) with moderate institutional engagement. Individ-
uals within this profile primarily access information through digital channels; however,
their relationship with UTV and UTN does not reach the levels observed in Cluster 1.
This represents a digital-first profile characterised by functional rather than identity-based
institutional interaction. Digitalisation does not imply disengagement; rather, it reflects a
less intense and more instrumental relationship with the institutional environment.

e  Cluster 3: Digital users with a weak institutional connection

This profile corresponds to users who prioritise digital environments for obtaining
information but do not develop a meaningful relationship with institutional media. This
behaviour is characterised by frequent use of digital platforms as the primary means of
accessing information (UP_DI), accompanied by moderate to high levels of digital consump-
tion (F_U); however, this pattern does not translate into a strong institutional connection,
as low levels of UTV content consumption are observed (CF_U). This demonstrates that
digitalisation does not necessarily imply a strengthening of the institutional connection,
but can coexist with consumption patterns that are disconnected from it.

e  Cluster 4: Users with low levels of institutional engagement and lower consump-
tion intensity

This group comprises categories associated with lower consumption frequency, lower
institutional evaluation, and reduced interaction intensity. It is located at the negative
pole of the institutional engagement axis, indicating a pattern of low integration within
the analysed media ecosystem. This profile does not necessarily imply the absence of
digital consumption, but rather lower intensity and weaker structuring of institutional
engagement, resulting in limited interaction and lower levels of involvement.
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Figure 1. Dendrogram using Ward’s method based on MCA dimensions.
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2.0 Informational Profile
High Institutional Engagement with Recurrent Consumption
Digital Users with Moderate Institutional Engagement
Users with Low Institutional Interaction and Lower Consumption Intensity
Highly Segmented Profile with Consistent and Homogeneous Patterns

Dimension 2 (Digital Intensity)

Dimension 1 (Institutional Engagement)

Figure 2. Informational Profiles in the MCA Space.

Table 3. Final distribution of HCPC observations.

HCPC Cluster Distribution Cases
Cluster 1 342
Cluster 2 588
Cluster 3 170
Cluster 4 684

4.3. Predictive Validation of Clusters

The Random Forest model demonstrated robust performance in both cross-validation
and independent test sets. This algorithm was selected due to its capacity to model non-
linear relationships and capture complex interactions among categorical variables, while
reducing the risk of overfitting through bootstrap aggregation. These characteristics are
well documented in multiclass classification applications within the social sciences and
sustainability research [74,91].

Hyperparameter optimisation was conducted using GridSearchCV with five-fold
stratified cross-validation, employing Macro-F1 as the target metric. This metric is particu-
larly appropriate in multiclass problems with unequal group sizes, where accuracy may
overestimate performance in majority classes [92]. The optimal model selected 300 trees
(n_estimators = 300), max_features = sqrt, and unrestricted depth (max_depth = None),
a configuration that demonstrated convergence in performance and adequate generalisa-
tion capacity.

The Random Forest model demonstrated robust performance in both the independent
test set and cross-validation (Table 4). In the hold-out set, the model achieved an accuracy
of 0.92, a balanced accuracy of 0.93, and a Macro-F1 score of 0.93, with a Cohen’s kappa of
0.89, indicating a high level of agreement beyond chance. These results suggest that the
segmentation exhibits clear discriminative boundaries in the space of the original variables.

Out-of-fold cross-validation results confirmed the stability of the model (accuracy = 0.93;
Macro-F1 score = 0.94; Cohen’s kappa = 0.90), demonstrating consistency between training and
generalisation. The small difference between cross-validation performance and performance
on the independent test set indicates the absence of significant overfitting.
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Table 4. Performance of the Random Forest model.

Metric Hold-Out (Test) IC 95% Test Cross-Validation (OOF) IC 95% OOF
Accuracy 0.922 [0.897, 0.946] 0.932 [0.92, 0.943]
Balanced 0927  [0.903,0.95] 0934  [0.922,0.945]
Accuracy

Macro-F1 0.932 [0.909, 0.953] 0.939 [0.928, 0.949]
Cohen’s Kappa 0.887 [0.85, 0.922] 0.903 [0.886, 0.918]

The analysis of variable importance revealed that the use of digital platforms (UP_DI),
frequency of digital consumption (F_U), institutional perception (ER_UTN), and content
evaluation (SC_UTV) constitute the main discriminative factors between profiles. These
variables align with the structural dimensions identified through MCA, reinforcing the
internal coherence of the model.

The representative tree of the ensemble model showed that variables related to institu-
tional media consumption frequency (CF_U) and perceptions of UTV (SC_UTV) appear
in early splitting nodes, highlighting their structural role in cluster differentiation. Taken
together, these results confirm that the segmentation is not only statistically stable but also
structurally interpretable.

5. Discussion
5.1. Digitalisation and Intensity of Institutional Engagement

The results indicate that the differentiation between informational profiles does not
depend solely on patterns of digitalisation, but rather on the interaction between the use of
digital platforms and the level of institutional engagement. In this regard, variables such as
the use of digital media (UP_DI) and the frequency of digital consumption (F_U) emerge
as key structural factors shaping informational behaviour, thereby supporting hypothesis
H1. Furthermore, the findings suggest that digitalisation can coexist with different levels
of institutional media evaluation and consumption, giving rise to hybrid informational
profiles rather than dichotomous configurations between digital and institutional media.
This provides empirical support for hypothesis H2.

This finding is particularly relevant in the context of university communication sustain-
ability, as it challenges the traditional narrative that positions digital media in opposition
to academic institutions. Rather than a linear shift towards digital environments, the data
reveal a reconfiguration of the informational relationship, where the intensity of institu-
tional engagement depends both on consumption experience and on perceptions of quality
and trust in content.

5.2. Theoretical Implications: Hybrid Digitalisation and Institutional Sustainability

The results provide empirical evidence for contemporary discussions on digital trans-
formation in educational organisations, particularly in contexts where institutional sus-
tainability increasingly depends on the strategic management of communication. Recent
studies suggest that digitalisation should not be interpreted as a process of substitution
between traditional and digital channels, but rather as an ecosystemic reconfiguration of the
informational environment [70]. Consistent with this perspective, the findings show that
intensive use of digital platforms can coexist with varying levels of institutional evaluation,
giving rise to hybrid consumption profiles that challenge the dichotomous logic of “digital
vs. institutional”.

The evidence supports approaches that conceptualise organisational communication as
a central component of sustainability and institutional legitimacy [93]. The differentiation of
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profiles based on consumption frequency, institutional perception, and content evaluation
suggests that communicational sustainability does not depend exclusively on technological
adoption, but rather on the construction of trust and symbolic capital in complex digital
environments [94].

Beyond access to technological infrastructure, the differentiation between informa-
tional profiles is explained by patterns of use, levels of media exposure, and forms of
interaction with institutional content. This contributes to understanding the multidimen-
sional nature of the digital divide and supports hypothesis H5. In this sense, the digital
divide should be interpreted as a structural inequality within the informational ecosystem,
where differences in media literacy, consumption habits, and institutional trust directly
influence individuals” ability to participate in contemporary informational processes.

5.3. Hybrid Configurations and Tensions in Institutional Consumption

The structural analysis of the ensemble model suggests that the differentiation be-
tween profiles does not depend on isolated variables, but rather on coherent combinations
of digitalisation and institutional evaluation. This configurational logic aligns with recent
approaches that conceptualise digital transformation as a systemic and multidimensional
process, in which technology, organisational culture, and perceived value interact dy-
namically [70]. High levels of digital engagement do not necessarily imply institutional
displacement; rather, they reflect a reconfiguration of the informational relationship, consis-
tent with studies highlighting the hybrid nature of contemporary media ecosystems [95].

Empirical evidence shows that individuals do not operate exclusively within tradi-
tional or digital media environments, but instead combine different informational channels
according to their consumption habits, interests, and levels of institutional trust. This
behaviour supports hypothesis H4, which posits that informational profiles within local
media ecosystems are characterised by hybrid consumption configurations. In this context,
the local media ecosystem can be understood as a dynamic space in which traditional
media, digital platforms, and institutional media converge, generating complex patterns of
interaction that cannot be explained solely through a logic of technological substitution.

5.4. Structural Hierarchy of the Ensemble Model

The aggregate analysis of the Random Forest model (Table 5) confirms the existence of
a hierarchical structure in profile differentiation. Permutation importance metrics identify
the use of digital platforms (UP_DI) and the frequency of digital consumption (F_U)
as the primary discriminative factors. However, variables associated with institutional
evaluation—such as perceptions of UTV (SC_UTYV), institutional evaluation (ER_UTN), and
frequency of institutional media consumption (CF_U)—appear immediately afterwards in
terms of predictive relevance.

The methodology of this study was designed to identify distinct profiles of news
consumption and institutional engagement based on patterns observed in the data, using a
combination of dimensionality reduction, hierarchical clustering and predictive validation;
therefore the cross-sectional and self-reported nature of the data is consistent with the
analytical purpose of the study, which does not seek to estimate causal effects, but rather to
describe, segment and validate empirical patterns of behaviour and perception.

The convergence between permutation importance and impurity reduction (MDI),
together with the frequency of use in forest nodes, reveals a hierarchical structure of
differentiation. At the first level, the model separates profiles according to digital intensity;
at the second level, it segments them based on institutional engagement; and at subsequent
levels, it refines the classification using specific content-related variables. This hierarchy
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confirms that digitalisation acts as the primary axis, while the consolidation of profiles
depends on the interaction between digital behaviour and institutional capital.

The early appearance of variables associated with institutional perception and uni-
versity media consumption within the model structure indicates that greater exposure to
these media is linked to more favourable evaluations of academic management and com-
municational content. This provides empirical support for hypothesis H3 by evidencing
the relationship between institutional media consumption and content evaluation. This
finding emphasises that the construction of institutional trust is closely associated with
the frequency of media interaction, reinforcing the role of university media as key actors
within the territorial informational ecosystem.

Table 5. Structural hierarchy of variables in the ensemble model.

Hierarchical Level Dominant Variables Empirical Evidence

UP_DI (use of digital platforms) Greater importance by

Level 1: Digitalisation F_U (frequency of digital media use) ~ permutation (0.22 and 0.15)

SC_UTV (viewing or consumption of

the university channel)
Level 2: Institu- ER_UTN (exposure to UTN High MDI importance and
tional Engagement university radio station) early node splitting

CF_U (knowledge of institutional

university media)

CF_E (consumption of printed or
external media)
CUTV (specific consumption of
Level 3: UTV programmes)
Contextual Refinement C_F1 (preference for channel or
primary format)
QS_ML (level of satisfaction with
local media)

High frequency in deep splits

Finally, the strong performance of the machine learning model provides evidence
in support of hypothesis H6, demonstrating that variables related to digitalisation and
institutional media consumption exhibit high predictive capacity for classifying differen-
tiated informational profiles. The consistency between unsupervised segmentation and
the results of the supervised model suggests that the identified patterns reflect underlying
structures of informational behaviour within the analysed media ecosystem. This finding
highlights the potential of machine learning as an analytical tool for understanding complex
communication dynamics in information sustainability research.

6. Limitations and Future Research Directions

The analysis is confined to a specific geographical context—the province of Imbabura
in Ecuador—which limits the generalisability of the findings to other territorial settings
with different socio-economic, cultural, or media characteristics. Similarly, the study is
based on cross-sectional data, which restricts the ability to observe changes over time in
media consumption patterns and in the relationship between digitalisation and institu-
tional engagement.

Although the sample size enables the identification of robust segmentation patterns,
the data rely on participants’ self-reported perceptions, which may be influenced by recall
bias or social desirability bias. Furthermore, the analytical model focuses primarily on
variables related to media consumption and institutional perception; therefore, other
potentially relevant factors—such as digital skills, cultural capital, or levels of media
literacy—were not explicitly incorporated into the analysis.
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From a methodological perspective, while the combined use of multivariate analysis
and machine learning techniques allowed for the identification of complex structures in
informational behaviour, the study focused on a specific set of algorithms and variables. This
opens avenues for exploring additional analytical approaches that may provide deeper insights
into these phenomena. In this regard, future research could incorporate more advanced
machine learning models or explainable techniques to examine in greater detail the causal
relationships between digitalisation, institutional trust, and information sustainability.

Finally, future research could extend the scope of the study through longitudinal
designs that enable the analysis of the evolution of informational profiles over time, as well
as interregional or international comparisons that contribute to understanding how media
ecosystems vary across different territorial contexts.

7. Conclusions

The findings confirm that information sustainability in local media ecosystems does
not depend solely on access to digital technologies, but also on how individuals integrate
into the informational system through different patterns of media consumption and levels
of institutional engagement. The identification of differentiated audience profiles demon-
strates that the digital divide is a multidimensional phenomenon that extends beyond the
availability of technological infrastructure, as it also involves usage practices, levels of
informational exposure, and degrees of institutional trust. In this sense, the results indicate
that digitalisation acts as a structuring axis of informational behaviour, while the consoli-
dation of profiles depends on the interaction between media consumption, institutional
evaluation, and forms of participation within the communication ecosystem.

From a theoretical perspective, this research contributes to the field of social sustain-
ability by proposing information sustainability as a structural dimension of territorial
development within local media ecosystems. This approach broadens the understanding of
the digital divide by integrating variables related to media consumption, institutional per-
ception, and the interaction between traditional, digital, and institutional media. Moreover,
the study contributes to the literature on media ecosystems by demonstrating that informa-
tional patterns are shaped by hybrid consumption dynamics, in which digitalisation does
not fully replace traditional or institutional media, but rather interacts with them within
an interdependent informational system. This perspective is particularly relevant in Latin
American contexts, where studies on information sustainability and audience segmentation
remain limited.

From a methodological standpoint, the study demonstrates the potential of integrating
multivariate segmentation techniques with machine learning models to analyse complex
communication phenomena. The combination of Multiple Correspondence Analysis, hierar-
chical clustering, and Random Forest models enabled the identification of latent structures
in informational behaviour and the validation of the stability of the identified profiles. This
methodological approach expands the analytical tools available for studying institutional
communication and information sustainability by providing greater explanatory capac-
ity to examine non-linear interactions between variables related to digitalisation, media
consumption, and institutional trust.

From a practical and public policy perspective, the findings suggest that strategies
aimed at reducing the digital divide must go beyond the expansion of technological
infrastructure. In particular, universities, local governments, and regional media should
implement media and digital literacy policies that strengthen audiences’ critical capacities
to engage with contemporary informational ecosystems. Furthermore, university media
can play a strategic role in promoting information sustainability by developing accessible
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content, multi-platform formats, and segmented communication strategies that respond to
the different consumption profiles identified.

In addition, it is recommended that public and educational institutions promote data-
driven institutional communication programmes that enable a more precise understanding
of audience informational dynamics. This includes the use of advanced analytical tools
to monitor media consumption patterns, design differentiated territorial communication
strategies, and enhance informational transparency. Similarly, strengthening partnerships
between universities, local media, and community organisations could contribute to the
creation of more inclusive informational environments, fostering citizen participation and
equitable access to reliable information.

Opverall, this study demonstrates that information sustainability is a key component of
social sustainability within territories, as it directly influences how individuals access, inter-
pret, and use information in their daily lives. Understanding differentiated configurations
of media consumption enables the design of more inclusive and effective communication
strategies aimed at strengthening institutional trust and reducing informational inequali-
ties. In this regard, the integration of machine learning-based analytical approaches opens
new opportunities for the development of evidence-based public policies and institutional
strategies capable of promoting more sustainable, participatory, and socially integrated
media ecosystems.
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