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Abstract

Information sustainability has emerged as a key dimension of social sustainability, as it supports
equitable access to information, informed opinion formation, and institutional engagement.
However, the expansion of digital platforms does not necessarily guarantee inclusive information
ecosystems, particularly in local contexts characterized by structural inequalities. This study
examines information sustainability and the digital divide by identifying media consumption profiles
within a territorial context in Ecuador. Using data from a survey conducted in the province of
Imbabura with 1,784 observations, a hybrid methodological approach combining cluster analysis and
Random Forest (RF) algorithms was applied. Audience profiles were identified and validated based
on media consumption patterns, levels of digitalization, and institutional engagement. The results
reveal four distinct audience profiles with different levels of digital integration and institutional
linkage. Findings indicate that the intensity and diversity of media consumption play a more decisive
role than mere technological access. Digital access alone is insufficient to ensure information
sustainability or foster institutional opinion formation; instead, differences in exposure, usage
intensity, and media habits shape audience engagement. These findings highlight the need for
segmented, territory-based communication strategies to strengthen information sustainability,
reduce the digital divide, and reinforce the role of university media within local media ecosystems.

Keywords: knowledge management; information sustainability; digital transformation; digital
divide; media consumption profiles; local media ecosystems; machine learning; cluster analysis;
random forest; Ecuador

1. Introduction

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

Improving well-being, ensuring fair distribution of resources, valuing diversity, fostering social
cohesion and promoting inclusive governance are key principles of social sustainability. In various
productive sectors, such as textiles and agriculture, these principles translate into practices that have
a positive impact on workers, local communities and society as a whole [2]. However, in the field of
information, these objectives are conditioned 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 better public opinion formation. The literature warns
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that digitisation can have 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 is not a sufficient condition for
ensuring information sustainability or institutional commitment.

In this regard, the digital disconnect observed in certain segments of the population does not
necessarily reflect attitudes of rejection towards information or institutions, but rather, in many cases,
is due to structural limitations associated with unequal access to devices, connectivity and digital
skills. This situation is particularly evident in economically disadvantaged communities, where such
deficiencies restrict full participation in contemporary information environments [4-6]. These
inequalities not only affect access to digital education [7], but also limit the possibility of forming an
informed opinion and establishing sustained links with institutions.

In the field of education, university media outlets are strategic players in social and
informational sustainability, insofar as they contribute to disseminating knowledge, the
strengthening of institutional ties, and the formation of opinion in the territories where they operate.
However, these media face the challenge of adapting to new information consumption habits,
particularly among young audiences, which involves exploring short digital formats, social media-
oriented content, and participatory strategies that involve students themselves in media production
[8]. The ability of university media to fulfil their social function therefore depends on their effective
articulation with local and digital media ecosystems.

In Ecuador, empirical evidence shows a predominant use of social media as a source of
information, accompanied by greater risks of misinformation and significant differences in media
literacy, content verification, and trust in information sources [9]. Similarly, gaps have been identified
in relation to access, use and information skills, 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, especially among young people [12].

By contrast, international and national studies on institutional communication have focused
mainly on analysing content strategies and the use of social media by institutions, revealing
predominantly informative and one-way communication, with low levels of segmentation and
personalisation [13-16]. Furthermore, research examining institutional perception, credibility, or
trust continues to rely heavily on traditional statistical methods, such as regressions or structural
equation models, without systematically incorporating machine learning techniques [17-19].

There are still few studies that apply 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 integrating media consumption, the level of digitalisation and the construction of
institutional opinion [20-23]. In Ecuador, machine learning-based studies focus on predicting digital
behaviour, without comprehensively addressing these dimensions [24], which highlights a
particularly relevant knowledge gap in local Latin American contexts.

This study contributes to the literature by operationalising information sustainability through
empirical segmentation based on machine learning, expanding predominantly normative
approaches. Furthermore, Latin America presents hybrid media dynamics that combine analogue
tradition and uneven digitisation, making the current Ecuadorian case a relevant laboratory for the
analysis of information sustainability.

In response to this gap, this article aims to identify audience profiles based on media
consumption and level of digitalisation, and to analyse how these profiles relate to the construction
of institutional opinion in an Ecuadorian context. To this end, the following hypotheses are
formulated:

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

H2. A higher level of information digitisation does not guarantee greater institutional
engagement, but rather gives rise to hybrid configurations of media consumption.
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H3. The frequency of consumption of institutional media is positively associated with a
favourable assessment of academic management and university content.

H4. Information profiles in the local media ecosystem present hybrid configurations
characterised by a combination of traditional, digital and institutional media consumption at varying
levels of intensity.

H5. The digital divide in local contexts is a multidimensional phenomenon that is better
explained by differences in media usage patterns and institutional valuation than by isolated
technological access.

H6. Variables related to digitisation and institutional consumption enable robust predictions to
be made about membership of different information profiles using machine learning models.

To this end, a methodology based on cluster analysis and Random Forest models is applied to
generate empirical evidence. The findings are intended to support 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 is an essential component of social sustainability, as it ensures
that people can 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 information inequalities
disproportionately affect socially and economically vulnerable groups [25,26].

From a democratic perspective, access to diverse and reliable information is essential for the
exercise of citizenship, as it allows individuals to critically evaluate public management, demand
accountability, and make informed decisions [27,28]. However, this ideal is strained by persistent
structural inequalities and the influence of power relations that can limit the visibility of certain voices
and perspectives within the information ecosystem [29].

The notion of information sustainability (IS) is linked to the role of information systems and
media ecosystems in supporting the Sustainable Development Goals (SDGs). Several studies indicate
that 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 action of sustainability in IS management involves assessing the environmental, social and
economic impacts of these systems [32]. The integration of sustainability criteria into information
management therefore involves jointly assessing the social, economic and organisational impacts of
communication systems and channels.

The formation of informed opinion is thus a central pillar of social sustainability, insofar as it
directly affects equity, social cohesion, and community participation. Ensuring equitable information
conditions not only promotes collective well-being, but also strengthens social resilience and the
capacity of communities to face present and future structural challenges [1,33].

2.2. The Digital Divide and Media Use

The digital divide refers to inequalities in access to, use of, and benefit from digital technologies
and information content. This phenomenon is not limited to a strictly technological dimension, but
reflects deep social inequalities associated with factors such as socioeconomic status, education, age,
gender, and geographical location [34,35].

The literature distinguishes between 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, especially in rural or peripheral areas, is key to reducing this type of exclusion [36].
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The second level of the digital divide is linked to differences in digital skills and usage patterns.
Previous studies show that higher levels of education and income are associated with more diverse
and sophisticated use of digital technologies, while a lack of digital literacy limits meaningful
engagement with information environments [37-39].

For its part, the third-level digital divide focuses on the results derived from the use of digital
technologies, such as economic, social and civic benefits. Empirical evidence shows that the impact
of internet use is not uniform and that, in certain contexts, 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 sphere, the maturity of digital media varies significantly between countries and
regions, conditioned by economic, infrastructural and political factors [41]. Likewise, the use of social
media can contribute both to reducing and widening digital divides, depending on patterns of access,
use and content consumed [42,43]. In contrast, the consumption of traditional media continues to be
relevant, although the transition to digital environments has highlighted the importance of digital
skills for meaningful information use, which can intensify existing knowledge gaps [44,45].

Overall, the digital divide is a multifaceted phenomenon that directly affects access to
information and media consumption habits. Addressing it requires a comprehensive approach that
combines improvements in physical access, the development of digital skills, and the promotion of
equitable information outcomes.

2.3. Media Consumption and Opinion Formation

Media consumption plays a decisive role in shaping public opinion, as it influences the way
individuals process, interpret and react to available information. Forming informed opinions helps
to strengthen community participation, promote equity and encourage more effective decision-
making processes, which are key elements in the development of more resilient and sustainable
societies [46].

Various sociodemographic factors influence media consumption patterns and, consequently,
opinion formation. Age, educational level and political interest condition the choice of information
sources, so that young people with higher levels of education tend to favour digital environments,
while older groups show a greater preference for traditional media such as television [47,48]. In a
political context, media consumption can generate polarised opinions. In China, for example, state
media and social media platforms have a different impact on public opinion on foreign policy [49].

From a dynamic perspective, theoretical and mathematical models have shown that the media
can accelerate the spread of opinions and influence the balance of public opinion, especially when
information 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 sense, media consumption, whether through digital platforms or traditional media, not
only facilitates the circulation of information, but also conditions the possibility of developing an
institutionally informed opinion. The absence of an explicit opinion can therefore be interpreted as
an indicator of low information exposure rather than a negative or dismissive attitude, which is
particularly relevant for the analysis of audiences with limited media exposure [53,54].

2.4. Universities and Institutional Media

Universities play a strategic role in promoting social and informational sustainability, as they
act as spaces for the production, dissemination, and legitimisation of knowledge. Through their
institutional media and digital platforms, higher education institutions contribute to the formation of
an informed citizenry and the strengthening of ties with the territories where they operate [55,56].

The integration of traditional, digital and university media creates a media ecosystem with the
potential to drive local development and community participation. While traditional media remain
relevant, their integration with digital platforms allows for the creation of more interactive and
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transparent information environments, expanding opportunities for learning and dialogue with
audiences [57].

Likewise, incorporating sustainability into the core functions of universities, such as teaching,
research and engagement with society, helps to promote long-term social change [58-60]. The way in
which universities communicate their sustainability initiatives and values has a direct impact on their
institutional image and public perception, reinforcing their position as key players in sustainable
development [13,61].

However, recent studies warn that, despite the potential of social media and institutional media,
levels of interaction with audiences tend to be limited, which restricts their capacity for dialogue and
their informative impact [58,62]. In this scenario, the strategic and segmented use of university media
is essential to strengthen information sustainability, foster institutional commitment, and reduce gaps
in access and participation in local media ecosystems [63-65].

2.5. Theoretical Basis

Media Ecosystem Theory constitutes the conceptual framework underpinning this research.
This perspective, initially developed by McLuhan [66] and Postman [67] and later expanded in the
digital context by Napoli [68], Nambisan et al. [69] and Verhoef et al. [70]. It argues that media do not
operate in isolation, but as interdependent systems where 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 information behaviours. Digital transformation does not imply the linear
replacement of traditional media with digital media, but rather a systemic reconfiguration of the
communication environment, where hybrid patterns of consumption, trust, and institutional ties
emerge.

Applied to the university and territorial context, this theory allows us to understand that
information sustainability does not depend exclusively on technological access, but rather on the

interaction between:
. Intensity of media consumption
. Level of digitisation
. Institutional perception
° Content assessment
3. Methodology

This study adopts a quantitative, explanatory and predictive approach, combining unsupervised
multivariate analysis techniques and supervised machine learning, with the aim of identifying,
structuring and validating types of media consumption and institutional interaction within the
university communication ecosystem.

Specifically, Multiple Correspondence Analysis and Hierarchical Clustering on Principal
Components (MCA+HCPC) with Random Forest (RF) were combined following recent
recommendations in applied organisational sustainability research, which call for pairing structural
segmentation with predictive validation to strengthen methodological robustness [71-73].

3.1. Database

The information gathering tool consisted of a structured survey designed to comprehensively
measure computer usage patterns and levels of institutional interaction in the province of Imbabura,
with a total of 1,784 observations.

The questionnaire was developed using a multidimensional approach, considering both
exposure to traditional media and the transition to digital environments, as well as the institutional
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perception associated with university media. This structure allowed us to capture not only the

frequency of use but also the intensity, preference, satisfaction, and ranking of alternative platforms.

The instrument consisted of 34 items organised into six clearly differentiated thematic blocks,

which are presented in relation to the underlying theory in the following table:

Table 1. Relationship between the underlying theory and the sections of the questionnaire used in the survey.

Questionnaire Block

1. Traditional media

(radio and television)

2. Print media

3. Digital media (reading

and use of platforms)

4. Institutional opinion

5.Sociodemographic

data

6. Internal field control

Component of
the Media
Ecosystem

(Basic Theory)

Traditional
media

subsystem

Persistence  of
the offline
ecosystem

Digitisation of
the media

ecosystem

Institutional
integration
within the

ecosystem

Structural
determinants of
the social
system
Structural
validation  of
the

measurement

system

Analytical

Dimension

Conventional

media exposure

Print media
consumption
Intensity and

digital transition

Symbolic  capital
and institutional
trust

Contextual factors

Methodological
quality

Operational

Variables

Radio and television
consumption
frequency (CF_MT),
Channel preference
Reading and press

acquisition (CF_MI)

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

readership (CF_MD)
Institutional

consumption (CF_U),

UTvV assessment
(SC_UTV), UTN
management
assessment
(ER_UTN)

Age, gender,

occupation, level of
education, territory
Monitoring and

validation variables

Role in the Model

Secondary  structural

dimension (MCA)

Complementary

variable in MCA

Main
differentiation (MCA
and RF - Hierarchical

axis of

level 1)

Institutional
structuring dimension
(MCA and RF -

Hierarchical level 2)

Control variables and
cluster

characterisation

Guarantee of survey

consistency

The instrument mainly integrated qualitative variables of a nominal and ordinal nature,

including nominal polytomous categories associated with media preference, occupation and

geographical location, as well as Likert-type ordinal scales to measure frequency of consumption and

intensity of satisfaction.
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Due to the nature of the instrument variables, which are categorical and ordinal Likert-type, this
study used MCA as an appropriate technique for modelling latent structures in categorical data
without imposing assumptions of normality [74,75]. The use of this technique is particularly
appropriate in sustainable segmentation studies, where perception and consumption patterns are
often structured in unobservable latent dimensions [76-78].

3.2. Dimensionality Reduction Using Multiple Correspondence Analysis (MCA)

Multiple Correspondence Analysis (MCA) was used as a dimension reduction technique, which
allows latent structures to be modelled in high-dimensional contingency matrices without requiring
assumptions of normality or linearity, making it a suitable tool for studies of institutional behaviour
and perception [77], since the information collection instrument was composed mainly of ordinal
categorical variables.

In contexts of organisational sustainability and institutional communication, where constructs
are often composed of perceptions, frequencies of use, and qualitative assessments, the MCA
facilitates identifying underlying structural axes that organise collective behaviour [79].

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

Indicator Dimension 1 Dimension 2
Intrinsic value 0.264 0.172
Proportion of inertia explained 60.5% 39.5%

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

In methodological terms, Dimension 1 had an eigenvalue of 0.264 and explained 60.5% of the
total retained inertia, constituting the main axis for structuring the data space. The operational
interpretation of this axis was based on the categories with the highest absolute coordinates,
observing a concentration of modalities associated with institutional consumption frequency (CF_U),
content evaluation (CF_E) and perception of UTV (SC_UTV). Consequently, this axis was
methodologically defined as a gradient of intensity and assessment of the institutional link.

Dimension 2, meanwhile, had a value of 0.172 and explained 39.5% of the retained inertia. The
categories with the greatest geometric weight on this axis were linked to the use of digital platforms
(UP_DI) and frequency of digital use (F_U), which allowed it to be interpreted operationally as an
axis of digitisation and information patterns.

It is important to note that this interpretation is carried out exclusively for structural purposes,
to understand the geometric organisation of the factorial space prior to hierarchical classification. The
dimensions of the MCA represent latent axes of structuring of information behaviour and not direct
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 information behaviour, the Hierarchical Clustering
on Principal Components (HCPC) classification procedure was applied, which combines factor
reduction and hierarchical clustering in a sequential strategy. This approach has proven particularly
suitable in segmentation studies based on categorical variables, as it allows for reducing the
dimensionality of the data space before applying clustering techniques, improving the stability and
interpretability of the clusters [80].

The classification was performed on the factorial coordinates obtained from the MCA, using
Euclidean distance as a proximity metric. Subsequently, Ward's method was applied, which
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minimises intra-cluster variance at each fusion stage, favouring the formation of compact and well-
differentiated groups [81]. This criterion is widely recommended in recent research in social sciences
and sustainability due to its robustness in the face of complex categorical structures [82,83]. The
number of clusters was determined based on inspection of the dendrogram and analysis of changes
in inertia between consecutive levels of partitioning, complementing statistical criteria with
theoretical consistency.

3.4. Supervised Validation Using Random Forest

In order to evaluate the structural consistency of the clusters identified using HCPC, a
supervised Random Forest (RF) model was implemented. This procedure made it possible to
compare the predictive stability of the clusters and reduce the exclusive reliance on unsupervised
techniques.

The Random Forest algorithm, proposed by Breiman [84], is an ensemble learning method based
on building multiple decision trees on bootstrap subsets of the data and random selection of variables
at each node. This approach reduces the variance of the individual model and improves
generalisation capacity, and is widely used in multi-class classification contexts with complex
structures [85].

In the present study, the clusters obtained through HCPC were used as the target variable, while
the original categorical variables constituted the set of predictors. This design allowed us to evaluate
whether the identified segmentation structure can be reproduced through a supervised model, which
constitutes 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 number of trees, maximum depth, and number of variables considered in each
division were explored, selecting the optimal combination based on the Macro-F1 score. This metric
was chosen due to its suitability in multi-class contexts with potentially unequal group sizes, as it
equally weights performance in each category and avoids biases derived from the domination of
majority classes.

3.6. Performance Appraisal

The final performance of the model was evaluated both on an independent test set (hold-out)
and through cross-validation (out-of-fold) on the entire dataset. Multiple complementary metrics
were reported: accuracy, balanced accuracy, Macro-F1, and Kappa coefficient. This combination
provides a comprehensive assessment of predictive performance and reduce dependence on a single
global indicator, in line with recent recommendations in explanatory modelling based on ensembles
[86].

3.7. Robustness and Replicability

Dimensional reduction using MCA allowed the categorical space to be structured into
interpretable latent dimensions, reducing redundancies and favouring more consistent
segmentation. Subsequently, supervised validation using Random Forest was implemented with
systematic hyperparameter search. The robustness of the model was evaluated using cross-validation
procedures to ensure the stability and generalisation of the results.

Multiple evaluation metrics (accuracy, balanced accuracy, Macro-F1 and Kappa coefficient) were
used to avoid dependence on a single global indicator. The analysis of variable importance, both by
impurity reduction and permutation importance, allowed us to verify the consistency between the
unsupervised structure and the supervised classification. Finally, the use of fixed seeds in stochastic
algorithms ensures computational replicability, reinforcing the transparency and traceability of the
analytical process.
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4. Results

4.1. Factor Structure of the Information Space

Multiple Correspondence Analysis allowed us to identify a stable two-dimensional structure
that organised information behaviour into two main axes. The first dimension explained 60.5% of the
retained inertia, while the second dimension explained 39.5%, together concentrating all the
variability considered in the reduced space.

Dimension 1 showed a gradient associated with the intensity and assessment of the institutional
link. On the positive side were categories related to higher frequency of institutional consumption
(CF_U), favourable assessments of content (CF_E) and structured opinions on UTV (SC_UTV). In
contrast, the negative side concentrated categories linked to low consumption, institutional ignorance
or less favourable assessments. This configuration suggests that the main axis differentiates levels of
institutional involvement.

Dimension 2 distinguished patterns of information digitisation. The categories with the highest
coordinates associated with the use of digital platforms (UP_DI) and frequency of digital
consumption (F_U), forming an axis that differentiates profiles with high dependence on digital
media from less digitised information schemes.

4.2. Identification of Profiles Using HCPC

The application of the HCPC procedure on the factorial coordinates allowed four distinct
clusters to be identified.

25

20

-
()

Distance

10

G;&S:CGSE?\S‘:ECSEEE:S?EQSGQBSGS@:g;‘R‘?GESEQG‘QQE?SCEE€§$CESQES§:§
mmmmmmmmmmmmmmm 4 288388¢ Te3IeneeengIgedeadecsldstteqg’ ]

Clustered Observations

Figure 1. Dendrogram —Ward's method on MCA dimensions.

Table 3. Final distribution of HCPC observations.

HCPC cluster distribution Cases
Cluster 1 342
Cluster 2 588
Cluster 3 170
Cluster 4 684

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

" e e 00

Dimension 2 (Digital Intensity)

Dimension 1 (Institutional Engagement)

Figure 2. Informational Profiles in the MCA Space.

The profiles that reflect different combinations of institutional digitisation, consistent with the
previously identified factor structure, are presented below:

° Cluster 1: High institutional engagement with recurring consumption

This profile is characterised by a high frequency of institutional consumption (CF_U), favourable
content evaluations (CF_E) and structured opinions on UTV (SC_UTYV). Individuals belonging to this
group have a consolidated link with the institutional ecosystem, combining frequent interaction with
positive assessment. From a structural point of view, this cluster is located at the positive pole of the
institutional intensity axis, indicating a high level of involvement. It is not just about consumption,
but a consistent pattern of recognition and favourable evaluation.

° Cluster 2: Digital users with moderate institutional ties

This group combines active use of digital platforms (UP_DI) and medium-high frequency of
digital consumption (F_U) with moderate institutional engagement. Individuals with this profile
obtain information mainly through digital channels, but their relationship with UTV and UTN does
not reach the levels observed in cluster 1. This is a digital-first profile with functional rather than
identity-based institutional interaction. Digitalisation does not imply disengagement, but rather a
less intense and more instrumental relationship with the institutional environment.

° Cluster 3: Highly segmented profile with consistent, homogeneous patterns

The third cluster presents consistent and highly differentiated patterns, which is reflected in its
high predictive separability in the supervised model. This profile combines categories that form a
coherent internal structure, suggesting well-defined and relatively stable informative behaviours.

° Cluster 4: Users with low levels of institutional interaction and lower consumption
intensity

This group concentrates categories associated with lower consumption frequency, lower
institutional evaluation and lower interaction intensity. It is located at the negative pole of the
institutional linkage axis, showing a pattern of low integration with the media ecosystem analysed.
This profile does not necessarily imply a total absence of digital consumption, but rather lower
intensity and less structuring of the institutional link, forming a group with limited interaction and
less involvement.

4.3. Predictive Validation of Clusters

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202603.1050.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 13 March 2026 d0i:10.20944/preprints202603.1050.v1

11 of 20

The Random Forest model showed robust performance in both cross-validation and
independent test sets. This algorithm was selected for its ability to model non-linear relationships
and capture complex interactions between categorical variables. It also reduces the risk of
overfitting through bootstrap aggregation, characteristics documented in multi-class classification
applications in social sciences and sustainability studies [87,89].

Hyperparameter optimisation was performed using GridSearchCV with five-fold stratified
cross-validation, using Macro-F1 as the target metric. The use of this metric is justified in multi-class
problems with unequal group sizes, where Accuracy can overestimate performance in majority
classes [90]. The optimal model selected 300 trees (n_estimators = 300), max_features = sqrt and free
depth (max_depth = None), a configuration that showed performance convergence and adequate
generalisation capacity.

Table 4. Performance of the Random Forest model.

Metric Hold-out (TEST) OOF (Cross-validation)

Accuracy 0.922 0.932
Balanced Accuracy 0.927 0.934
Macro-F1 0.932 0.939
Cohen’s Kappa 0.887 0.903

The Random Forest model showed robust performance in both the independent test set and
cross-validation (Table 4). The hold-out set obtained an accuracy of 0.92, a balanced accuracy of 0.93,
and a Macro-F1 of 0.93, with a Kappa coefficient of 0.89, indicating high agreement beyond chance.
These results suggest that the segmentation presents clear discriminating boundaries in the space of
original variables.

Out-of-fold cross-validation results confirmed the stability of the model (Accuracy= 0.93; Macro-
F1= 0.94; Kappa = 0.90), showing consistency between training and generalisation. The small
difference between cross-validation performance and independent test set performance indicates the
absence of significant overfitting.

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 assessment (SC_UTV)
are the main factors distinguishing between profiles. These variables coincide with the structural
dimensions identified in the MCA, reinforcing the internal consistency of the model.

The representative tree of the assembled model showed variables related to institutional
consumption frequency (CF_U) and perception of UTV (SC_UTV) appearing in early division nodes,
evidencing their structural role in cluster differentiation. Taken together, these results confirm that
segmentation is not only statistically stable but also structurally interpretable.

5. Discussion

5.1. Digitisation and Intensity of Institutional Linkages

The results show that the differentiation between information profiles does not respond solely
to digitisation patterns, but rather to the interaction between the use of digital platforms and the
degree of institutional engagement. In this sense, variables such as the use of digital media (UP_DI)
and the frequency of digital consumption (F_U) emerge as key structural factors in shaping
information behaviour, which supports the findings of hypothesis H1. Likewise, the findings suggest
that digitisation can coexist with different levels of institutional media valuation and consumption,
giving rise to hybrid information profiles. This challenges the dichotomous configurations between
digital and institutional media, and provides empirical evidence in favour of hypothesis H2.
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This finding is relevant in the context of university communication sustainability, as it challenges
the traditional narrative that pits digital media against academic institutions. Rather than a linear
shift towards digital, the data shows a recomposition of the information link, where the intensity of
institutional commitment depends both on consumption experience and on the perception of quality
and trust in content.

5.2. Theoretical Implications: Hybrid Digitisation and Institutional Sustainability

The results provide empirical evidence for the contemporary discussion on digital
transformation in educational organisations, particularly in contexts where institutional
sustainability increasingly depends on strategic communication management. Recent studies have
pointed out that digitisation should not be interpreted as a process of substitution between traditional
and digital channels, but rather as an ecosystemic reconfiguration of the information environment
[70]. In line with this perspective, the findings show that the intensive use of digital platforms can
coexist with different levels of institutional valuation, configuring hybrid consumption profiles that
challenge the dichotomous logic of “digital vs. institutional’.

The evidence supports approaches that view organisational communication as a central
component of sustainability and institutional legitimacy [90]. The differentiation of 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 building of trust and symbolic capital in complex digital environments [91].

Beyond access to technological infrastructure, the differentiation between information profiles
can be explained by usage patterns, levels of media exposure, and forms of interaction with
institutional content, contributing to an understanding of the multidimensional nature of the digital
divide and supporting hypothesis H5. This refers to the fact that the digital divide should be
interpreted as a structural inequality within the information ecosystem, where differences in media
literacy, consumption habits, and institutional trust directly influence individuals' ability to
participate in contemporary information processes.

5.3. Hybrid Configurations and Tensions in Institutional Consumption

Structural analysis of the assembled model suggests that the differentiation between profiles
does not respond to isolated variables, but rather to coherent combinations of digitisation and
institutional valuation. This configurational logic aligns with recent approaches that conceptualise
digital transformation as a systemic and multidimensional process, where technology, organisational
culture and perception of value interact dynamically [70]. High digital intensity does not necessarily
imply institutional displacement, but rather a reconfiguration of the informational bond, which
coincides with studies that highlight the hybrid nature of contemporary media ecosystems [92].

Empirical evidence shows that individuals do not exclusively engage with traditional or digital
media environments, but rather combine different information channels according to their
consumption habits, interests, and levels of institutional trust. This behaviour reinforces hypothesis
H4, which posits that information profiles within local media ecosystems are characterised by hybrid
consumption configurations. In this sense, the local media ecosystem is configured as a dynamic
space in which traditional media, digital platforms and institutional media converge, generating
complex patterns of interaction that cannot be explained solely by technological substitution.

5.4. Structural Hierarchy of the Assembled Model

The aggregate analysis of the Random Forest model (Table 5) confirms the existence of a
hierarchical architecture in profile differentiation. Permutation importance metrics identify the use
of digital platforms (UP_DI) and the frequency of digital consumption (F_U) as the main
discriminating factors. However, variables associated with institutional assessment, such as
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perception of UTV (SC_UTV), institutional evaluation (ER_UTN), and frequency of institutional
consumption (CF_U) appear immediately after in predictive relevance.

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

Hierarchical Dominant variables Empirical
level evidence
Level 1: UP_DI (use of digital platforms) Greater
Digitisation F_U (Frequency of digital media use) importance by
permutation (0.22
and 0.15)
Level 2: SC_UTV (Tuning in to or consumption of university High MDI
Institutional channels) importance and
Linkage ER_UTN (Exhibition at UTN university radio station)  early appearance
CF_U (Knowledge of institutional university media) of nodes
Level 3: CF_E (Consumption of printed or external media) High frequency in
Contextual CUTV (Specific consumption of UTV programmes) deep splits

refinement C_F1 (Preferred channel or primary format)

QS_ML (Level of satisfaction with local media)

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

The early appearance of variables associated with institutional perception and university media
consumption within the model structure reveals that greater exposure to these media is linked to
more favourable evaluations of academic management and communication content. This provides
evidence for hypothesis H3. This finding emphasises that the construction of institutional trust is
closely related to the frequency of media interaction, consolidating the role of university media as
relevant actors within the territorial information ecosystem.

Finally, the high performance of the machine learning model provides evidence for hypothesis
H6, demonstrating that variables related to digitisation and institutional consumption have a high
predictive capacity for classifying differentiated information profiles. The consistency between
unsupervised segmentation and the results of the supervised model suggests that the patterns
identified respond to real structures of information behaviour within the media ecosystem analysed.
This result complements the potential of machine learning as an analytical tool for understanding
complex communication dynamics in information sustainability studies.

6. Limitations and future lines of research

The analysis is limited to a specific geographical context, the province of Imbabura in Ecuador,
which limits the possibility of generalising the findings to other territorial contexts with different
socio-economic, cultural or media characteristics. Similarly, the research is based on cross-sectional
data, which restricts the ability to observe changes over time in media consumption patterns and in
the relationship between digitisation and institutional engagement.

Although the sample size allows for the identification of robust segmentation patterns, the
information is based on participants’ self-reported perceptions, which may be influenced by memory
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bias or social desirability bias. Furthermore, the analytical model focuses primarily on variables
related to media consumption and institutional perception, so other potentially relevant factors, such
as digital skills, cultural capital, or levels of media literacy, were not explicitly incorporated into the
analysis.

In methodological terms, although the combined use of multivariate analysis and machine
learning techniques made it possible to identify complex structures in information behaviour, the
study focused on a specific set of algorithms and variables, opening up the possibility of exploring
additional analytical approaches that delve deeper into the interpretation of these phenomena. In this
regard, future research could incorporate more advanced machine learning models or explanatory
techniques that allow for a more detailed analysis of the causal relationships between digitisation,
institutional trust and information sustainability.

Finally, future lines of research could broaden the scope of the study through longitudinal
designs that allow for the analysis of the evolution of information profiles over time, as well as
interregional or international comparisons that contribute to understanding how media ecosystems
vary in different territorial contexts.

7. Conclusions

The results 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 information
system through different patterns of media consumption and levels of institutional engagement. The
identification of differentiated audience profiles shows that the digital divide is a multidimensional
phenomenon that transcends the availability of technological infrastructure, as it also involves usage
practices, levels of information exposure, and degrees of trust in institutions. In this sense, the
findings show that digitisation acts as a structuring axis of information behaviour, but that the
consolidation of profiles depends on the interaction between media consumption, institutional
valuation and forms of participation within the communication ecosystem.

From a theoretical perspective, the research contributes to the field of social sustainability by
proposing information sustainability as a structural dimension of territorial development within local
media ecosystems. This approach broadens our understanding of the digital divide by integrating
variables related to media consumption, institutional perception, and the interaction between
traditional, digital, and institutional media. Likewise, the study contributes to the literature on media
ecosystems by demonstrating that information patterns are shaped by hybrid consumption
dynamics, in which digitisation does not completely replace traditional or institutional media, but
rather articulates with them within an interdependent information system. This perspective is
particularly relevant for Latin American contexts, where studies on information sustainability and
audience segmentation are still limited.

In methodological terms, the work demonstrates the potential of integrating multivariate
segmentation techniques with machine learning models to analyse complex communication
phenomena. The combination of multiple correspondence analysis, hierarchical classification, and
Random Forest models made it possible to identify latent structures in information behaviour and
validate the stability of the profiles found. This methodological approach expands the tools available
for studying institutional communication and information sustainability by offering greater
explanatory power to analyse non-linear interactions between variables related to digitalisation,
media consumption, and institutional trust.

From a practical and public policy perspective, the results 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 interact with contemporary
information ecosystems. Likewise, university media can play a strategic role in promoting
information sustainability by developing accessible content, multi-platform formats, and segmented
communication strategies that respond to the different consumption profiles identified.
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In addition, it is recommended that public and educational institutions promote institutional
communication programmes based on data analysis that allow for a more accurate understanding of
the information dynamics of their audiences. This includes the use of advanced analytical tools to
monitor media consumption patterns, design differentiated territorial communication strategies, and
strengthen information transparency. Similarly, strengthening partnerships between universities,
local media, and community organisations could contribute to creating more inclusive information
environments, promoting citizen participation and equitable access to reliable information

Overall, this study demonstrates that information sustainability is a key component of social
sustainability in territories, as it directly influences the way people access, interpret and use
information in their daily lives. Understanding the different configurations of media consumption
allows for the design of more inclusive and effective communication strategies aimed at
strengthening institutional trust and reducing information inequalities. In this sense, the integration
of analytical approaches based on machine learning opens up 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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