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Abstract

Purpose: This study reports the development and first exploratory pilot eval-
uation of a social sustainability framework intended to guide the integration
of technology-mediated learning in vulnerable educational contexts in Santi-
ago de Cali, Colombia. Building on a prior systematic review, the framework
operationalizes seven social sustainability factors into 31 actionable recommen-
dations. The pilot examined whether educational stakeholders could consistently
associate real institutional comments with these recommendations, as an ini-
tial step toward content validation. Methods: The framework was derived from



a systematic literature review, field observations, and participatory consulta-
tion sessions with teachers and administrators of two primary schools. In the
pilot, twelve participants organized into five working groups associated 28 insti-
tutional comments with framework recommendations. Multi-label inter-rater
reliability was estimated with Krippendorff’s a under nominal, Jaccard, and
MASI distance functions, with nonparametric bootstrap confidence intervals,
permutation tests, leave-one-out sensitivity analysis, and explicit missing-data
handling. Agreement with a hybrid human-LLM reference classification was
assessed through exact match, partial overlap, consensus, Jaccard similarity,
and precision—recall metrics, complemented by a qualitative analysis of partic-
ipants’ written justifications. Results: Agreement among evaluators exceeded
chance (permutation p = 0.002) but remained below pre-specified benchmarks:
Krippendorff’s a was 0.150 (nominal; 95% CI [0.079,0.204]), 0.296 (Jaccard
distance; [0.225,0.343]), and 0.246 (MASI; [0.179,0.299]); none of the three
pre-registered validation criteria was met (0/3). Item- and factor-level analyses
located the lowest convergence in Factors 2 (cultural relevance), 4 (digital lit-
eracy), and 7 (psychosocial impact), while qualitative analysis revealed robust
cross-group thematic convergence around family participation, continuous train-
ing, and digital safety. Conclusion: The framework shows conceptual promise
and practical resonance with school stakeholders, but the present evidence cor-
responds to an early-stage pilot rather than a validated instrument. The study
contributes a transparent, replicable evaluation protocol and a diagnostic map of
where definitions, boundaries, and rater calibration must be strengthened before
larger-scale validation and implementation testing.

Keywords: Social Sustainability, Interactive Systems, Digital Divide, Emerging
Technologies, Education, Pilot Study, Content Validity

1 Introduction

Sustainable development in education increasingly demands attention to social sus-
tainability, which emphasizes equity, inclusion, cultural diversity, and community
well-being in learning contexts (Tafese and Kopp 2025). Globally, initiatives such
as UNESCO’s Education for Sustainable Development and Sustainable Development
Goal 4 (quality education for all) underscore the need for inclusive, equitable educa-~
tional opportunities, particularly for marginalized populations (UNESCO 2023). Yet,
compared to environmental and economic dimensions, the social pillar of sustainabil-
ity in education has been underexplored (Tafese and Kopp 2025). Vulnerable groups,
such as those in low-income, conflict-affected or remote communities, continue to face
disproportionate educational inequalities. These disparities are not only a local con-
cern, but a global challenge threatening to undermine social cohesion and justice if left
unaddressed. In contexts like Santiago de Cali, Colombia, socioeconomically disadvan-
taged neighborhoods exemplify the educational gaps that social sustainability efforts
seek to address. National programs (e.g., “Computadores para Educar” in Colombia)
have expanded digital access in underserved areas, a need that became more acute



during the COVID-19 pandemic, when remote learning exposed stark digital divides
(Edtech 2020).

However, such well-intentioned initiatives alone have proven insufficient to close
these gaps (Peldez et al. 2025). The current era of emerging technologies, particu-
larly the proliferation of Generative Artificial Intelligence (GenAl) in education, risks
exacerbating existing divides, as advanced digital tools often remain out of reach
for marginalized schools (J Cupac 2024). Without targeted interventions that embed
social sustainability principles, technological progress may inadvertently widen edu-
cational inequalities, with vulnerable communities being the most adversely affected
(Giorgi et al. 2022).

Interactive multimedia systems (IMS) and other educational technologies have
emerged as promising tools for mediating and enriching learning experiences in pri-
mary education (Solano et al. 2024; Pelaez et al. 2023). In well-resourced settings,
digital and interactive learning platforms have been shown to increase student engage-
ment, personalize learning pathways, and improve educational outcomes (Tang et al.
2023). Multimedia storytelling and educational games can capture the attention of
young learners and adapt to individual learning paces, potentially benefiting those who
struggle with conventional teaching methods (Alotaibi 2024; Huynh et al. 2020). Inter-
active systems also facilitate new forms of communication and collaboration among
teachers, students, and families, enabling remote learning, continuous feedback, and
community participation in the educational process.

However, implementing interactive learning technologies in vulnerable communi-
ties presents unique challenges. Schools in low-income or rural areas often grapple
with inadequate infrastructure, such as unstable electricity supply, limited internet
connectivity, and a shortage of devices (Johnson et al. 2016; Afzal et al. 2023), as well
as low levels of digital literacy among teachers and students (Werfhorst et al. 2022).
Many educators in vulnerable areas receive minimal professional development in ICT,
and ongoing technical support is scarce (Hennessy et al. 2020). Off-the-shelf e-learning
content frequently does not reflect the lived experiences, languages, and values of learn-
ers in marginalized communities, undermining engagement and learning effectiveness
(Helm et al. 2024). Moreover, resource-intensive emerging technologies raise ethical
and equity concerns: data privacy, algorithmic bias, and the higher costs of advanced
hardware can disproportionately impact vulnerable groups that lack safeguards and
funding (Baker and Hawn 2022).

Considering these difficulties, it is increasingly recognized that technological solu-
tions must be aligned with social sustainability if they are to deliver lasting benefits.
A recent systematic review concluded that interactive educational technologies should
be developed to promote genuine social sustainability rather than perpetuate exist-
ing inequalities (Peldez et al. 2025). This perspective resonates with “design justice”
and inclusive design, which hold that those who have been historically marginalized
should have a voice in shaping the tools and systems that affect them. As Faik et al.
(2024) note, a more equal and sustainable digital future depends on including digitally
marginalized communities in the opportunities created by digital technologies.



This article addresses two questions. RQ1: How can the social sustainability factors
identified in prior literature be operationalized into a framework of actionable recom-
mendations for technology-mediated learning in vulnerable primary schools? RQ2: To
what extent can school stakeholders consistently and reproducibly associate real insti-
tutional situations with the framework’s recommendations, as preliminary evidence of
its content validity, clarity, and usability?

Accordingly, the contributions of this work are threefold: (i) a seven-factor social
sustainability framework that extends a prior systematic review (Peldez et al. 2025)
by translating its descriptive factors into 31 operational recommendations co-refined
with school stakeholders (Section 3.3); (ii) a transparent and replicable multi-
metric protocol for the early-stage content evaluation of such frameworks, combining
multi-label inter-rater reliability, reference-based agreement, and qualitative analysis
(Section 3.4); and (iii) the empirical results of a first exploratory pilot in two schools
of Santiago de Cali, reported in full, including uncertainty estimates, missing data,
and negative results (Section 4). We deliberately frame this study as an exzploratory
pilot: the pre-registered validation criteria were not met, and the evidence presented
should be read as diagnostic input for the next iteration of the framework rather than
as a completed validation.

2 Background

This section synthesizes the principal findings of a systematic review conducted
between January and May 2025, following the PRISMA methodology (Page et al.
2021) across five databases. The search yielded 194 records, from which 32 studies
were retained after applying inclusion/exclusion criteria (Peldez et al. 2025). The main
findings indicate that social sustainability is characterized by equity, justice, cohesion,
participation, and community well-being (Woodcraft 2015; Eizenberg and Jabareen
2017). In education, this translates into fair access and culturally responsive learn-
ing experiences for learners facing structural disadvantages. While environmental and
technical dimensions are often foregrounded in ICT /software sustainability (Naumann
et al. 2011), the social pillar remains comparatively under-specified for interactive
learning systems (ILS), motivating balanced, multidimensional approaches in design
and evaluation (Duboc et al. 2020).

The review demonstrates that digital divides persist along three interlocking axes:
access (connectivity, devices), skills (digital literacy of teachers and students), and
support (maintenance, troubleshooting, training) (Qadri et al. 2025; Alhassan and
Adam 2024). Although access expansion programs intensified during the pandemic,
access alone has not ensured meaningful appropriation or improved outcomes. More-
over, the diffusion of advanced, data-intensive technologies risks widening disparities
where infrastructure, funding, and human capacity are limited (Al-Emran et al. 2024).

Across the empirical corpus, the review converges on recurring factors shaping
socially sustainable outcomes in vulnerable settings: accessibility and inclusion, cul-
tural and contextual relevance, user acceptance and capacity, ethics, privacy and safety,
and transformative approaches that democratize knowledge (Zarate et al. 2023). It



also documents promising operationalization strategies—keeping human needs cen-
tral, embedding local context from the outset, empowering students, teachers, and
communities (Amo et al. 2021)—and recurrent tensions: connectivity and device
shortages; economic and policy logics that prioritize scale; organizational constraints
such as limited training time, staff turnover, and resistance to change; privacy—
personalization trade-offs; and misalignments between global standards and local
sociocultural realities.

2.1 Positioning of this study relative to prior work

The seven factors presented in Section 3.3 are intentionally grounded in this prior
evidence base, and several of them (accessibility and inclusion, cultural relevance,
user capacity, ethics and privacy) overlap with categories already identified in the
review and in the digital inclusion literature (Alhassan and Adam 2024; Qadri et al.
2025). The contribution of the present study is therefore not the discovery of new
high-level categories, but their operationalization and contextual grounding. Three
extensions distinguish this work from the prior review. First, each factor is decomposed
into concrete, low-cost recommendations (31 in total) formulated for the institutional
realities of vulnerable primary schools, including explicit implementation strategies
(Appendix A). Second, the factor set was confronted with, and refined against, situ-
ated stakeholder input: institutional comments gathered in two schools were mapped
onto the framework, and the wording and scope of factors and recommendations
were adjusted accordingly (Section 3.2). Third, the framework is accompanied by an
explicit, multi-metric evaluation protocol and a first empirical pilot of its interpre-
tive stability—a step that, to our knowledge, prior frameworks in this space have not
reported. Following content-validity guidance, full validation additionally requires evi-
dence of relevance, comprehensiveness, and comprehensibility from both professionals
and end users (Terwee et al. 2018); the pilot reported here addresses the comprehen-
sibility and interpretive consistency dimension and is explicitly positioned as the first
cycle of that larger program.

3 Materials and Methods
3.1 Research design and participatory approach

The study followed an iterative, participatory design process combining expert judg-
ment (Uusitalo et al. 2015) and direct consultation with the target communities
(Chevalier 2019). The process comprised four stages: (1) compilation of background
experiences from previous engagements with schools in vulnerable communities,
together with field observations of classroom dynamics and interviews with teachers
and community leaders; (2) a systematic literature review (Section 2) identifying can-
didate social sustainability factors; (3) participatory consultation sessions in which
teachers, school directors, and other educational actors discussed the relevance of the
proposed factors to their daily realities, generating a corpus of institutional comments;



and (4) internal synthesis sessions in which the research team linked stakeholder com-
ments to factors, examined redundancies and gaps, and consolidated factor definitions
and recommendations.

We initially conceived this process within the tradition of participatory action
research (PAR) (Chevalier 2019), whose long-term aim is for community members
to act as co-researchers in problem definition, analysis, decision-making, and action
(Cornish et al. 2023; Cockerham 2024). In this first cycle, however, community
participation was limited to structured consultation and feedback: teachers and admin-
istrators contributed situated knowledge, discussed and contested the factors, and
evaluated the framework, but did not co-lead the analysis or design decisions. We
therefore describe the present methodology more precisely as a participatory consul-
tation and stakeholder-based pilot assessment, which constitutes the trust-building
and capability-building groundwork for fuller PAR cycles. Subsequent iterations are
planned to progressively transfer analytical and decision-making roles to the school
communities, consistent with PAR guidance on avoiding co-option and tokenistic
participation (Cornish et al. 2023).

3.2 Derivation of the framework

The seven factors were derived through explicit traceability from the literature to the
framework. The factor categories originate in the thematic synthesis of the system-
atic review (Peldez et al. 2025), which identified accessibility and inclusion, cultural
and contextual relevance, user acceptance and capacity, ethics, privacy and safety, and
transformative/knowledge-democratization approaches as recurrent determinants of
socially sustainable outcomes. These categories were re-structured into seven factors by
(a) splitting compound categories where stakeholder feedback indicated distinct insti-
tutional responsibilities (e.g., separating skills development from digital inclusion, and
infrastructure from safety and trust), and (b) adding an explicit psychosocial impact
factor, which emerged strongly from field observations and teacher interviews but was
only implicit in the review corpus. Each factor was then operationalized into recom-
mendations by combining strategies documented in the review with practices suggested
by stakeholders during the consultation sessions. The full factor-recommendation
mapping is given in Appendix A.

3.3 The social sustainability framework

The framework acknowledges that incorporating interactive technologies in primary
education institutions located in vulnerable communities cannot be evaluated solely
in terms of technological adoption or instrumental improvement of academic per-
formance. Social sustainability is understood as the capacity of an educational
intervention to endure over time, generate collective value, and strengthen processes of
inclusion, cohesion, and community well-being without reproducing existing structural
exclusions or creating new forms of vulnerability. This perspective positions technol-
ogy as a relational and social medium that must respond to the cultural, material,
organizational, and emotional realities of the school community (Qadri et al. 2025).



Figure 1 summarizes the seven factors and their interrelations. The factors oper-
ate at three complementary levels: structural conditions (F1 digital inclusion and
social equity; F6 sustainable and context-appropriate infrastructure) define who can
participate and under what material conditions; appropriation processes (F2 cul-
tural relevance and contextualization; F3 social cohesion and collaboration; F4 skills
development and digital literacy) determine whether technology becomes meaningful
and collectively owned; and protective conditions (F5 safety, privacy, and trust; F7
psychosocial impact) safeguard the community against the risks that technology intro-
duces. The levels are mutually dependent: structural gaps undermine appropriation,
and weak protective conditions erode the trust on which both depend.

Socially sustainable
technology-mediated learning

\
-

impact conditions

F5. Safety, privacy,
and trust

F7. Psychosocial ‘ protective

-
\

cohesion & & digital appropriation
collaboration processes

relevance

157, Chiltiies! F3. Social F4. Skills

literacy

N\
X

F1. Digital inclusion Fé. Cont.e)gt— structural
and social equity , appropriate conditions
infrastructure

Fig. 1 Interrelation of the seven social sustainability factors. Structural conditions enable appropri-
ation processes, which in turn depend on protective conditions to sustain trust and well-being.

In brief: F1 (Digital inclusion and social equity) demands that no group
within the educational community be systematically excluded from technology-
mediated learning, recognizing that the digital divide spans devices, connectivity,
skills, confidence, language, disability, and intersecting vulnerabilities (Alhassan and
Adam 2024; Eizenberg and Jabareen 2017). F2 (Cultural relevance and contextu-
alization) requires that technologies respond to the languages, practices, memories,
and aspirations of the community, treating interventions as co-creation processes
rather than external products (Sanders and Stappers 2008; Giorgi et al. 2022).
F3 (Social cohesion and collaboration) expects technological tools to foster
mutual support, intergenerational collaboration, peer mentoring, and school-family—
community ties (Sen et al. 2022; Kaliisa and Michelle 2019; Girela et al. 2021).
F4 (Skills development and digital literacy) stresses that infrastructure with-
out sustained capacity building does not lead to long-term appropriation, calling
for continuous formative processes for teachers, students, and families (Livingstone
and Blum-Ross 2020; Hartikainen et al. 2021). F5 (Safety, privacy, and trust)



addresses risks of surveillance, disproportionate data collection, harmful or biased con-
tent, and stigmatization, making transparency a condition of trust (Arpaci 2024). F6
(Sustainable and context-appropriate infrastructure) requires designing for
real conditions—unstable electricity, intermittent connectivity, constrained budgets—
through offline-capable, low-energy, repairable solutions (Padilla et al. 2023; Noman
et al. 2024). F7 (Psychosocial impact) demands systematic attention to the emo-
tional effects of technology adoption, which may enhance self-esteem and belonging
or generate anxiety, isolation, and stigmatization (Afshari et al. 2022; Jung and Katz
2022).

The 31 recommendations operationalizing these factors are listed in Appendix A
(Table Al). To support consistent interpretation—an issue that, as Section 4 shows,
proved central in the pilot—Table 1 adds inclusion/exclusion boundary rules that
delimit each factor from its conceptual neighbors.

Table 1 Boundary rules delimiting the seven factors (inclusion/exclusion guidance for coders).

Factor Includes (primary focus) Excludes (covered by)
F1 Inclusion & Unequal access, participation, or ben-  Training content and delivery (F4);
equity efit across groups; diagnosis of gaps; physical/technical  availability  of

institutional leadership for equity equipment (F6)

F2 Cultural rel-
evance

F3 Cohesion &
collaboration

F4 Skills & lit-
eracy

F5 Safety, pri-
vacy, trust

F6 Infrastruc-
ture

F'7 Psychosocial
impact

Fit between content/interfaces and
local languages, knowledge, symbols;
co-creation of local content
Relationships and networks: peer men-
toring, school-family—community ties,
partnerships

Building competencies of teachers,
students, families; transfer and appro-
priation of solutions

Data protection, digital risks, trans-
parency, trust-building mechanisms

Material conditions: energy, connec-
tivity, spaces, maintenance, repair,
reuse

Emotional and social effects of tech-
nology: anxiety, belonging,
tion, overload

motiva-

Generic stakeholder communication
(F3); generic feedback on usability
(F4)

Cultural adaptation of content (F2);
family training in digital skills (F4)
Motivation/equity of access (F1);
emotional barriers to use (F7)

Emotional well-being effects (F7);
device security as hardware mainte-
nance (F6)

Skills to use the infrastructure (F4);
equitable allocation of access (F1)

Privacy-related harms (F5); social net-
work building as pedagogy (F3)

3.4 Pilot content-evaluation study

The interpretive stability of the framework was examined through an exploratory
pilot with primary education teachers and administrators. The objective was to assess
whether stakeholders could consistently associate real institutional comments about
educational technologies with the specific recommendations defined in the framework
(Messick 1995; Rubio et al. 2003), a necessary, though not sufficient, condition for



content validity (Terwee et al. 2018). We emphasize that this exercise addresses inter-
pretive consistency (comprehensibility and conceptual delimitation); complementary
evidence of relevance and comprehensiveness, gathered through interviews, surveys,
or Delphi procedures with professionals and end users (Terwee et al. 2018), is planned
for subsequent cycles.

3.4.1 Participants, setting, and recruitment

Two private-subsidized primary schools serving vulnerable communities in Santiago
de Cali participated: Colegio La Fontaine (LF) and Colegio Comfandi Calipso (CC).
Both institutions had prior collaboration agreements with the research team. Partic-
ipants were recruited through the school administrations using convenience sampling
among teaching and administrative staff with experience using educational technolo-
gies in their institution. Twelve adults participated (five in LF, seven in CC), organized
into five working groups, each producing one consensus coding (Table 2). Working in
groups was a deliberate design decision: it mirrors how institutional decisions about
technology are actually made in these schools and lowers literacy- and confidence-
related barriers to participation; its implications for the statistical unit of analysis are
described in Section 3.4.4. No students or family members participated in this pilot;
their inclusion is part of the planned future work, and the present findings consequently
speak only to the perspectives of teachers and administrators.

Table 2 Participants, working groups, and data completeness.

School Group (rater) Members Items coded Status in analysis

La Fontaine GILF 3 28/28 Included

La Fontaine G2LF 2 28/28 Included

Comfandi Calipso G1CC 2 28/28 Included

Comfandi Calipso G2CC 2 16/28 Excluded (43% missing)
Comfandi Calipso  G3CC 3 28/282 Included

1aG3CC returned four explicitly empty associations (all in Factor 7: CCF7C1, LFF7C3, LFF7C4,
LFF7C5), recorded as “no association” as permitted by the protocol; a sensitivity analysis treating
them as missing is reported in Section 4.2.

The LF session had no strict time limit; the CC session was constrained to 1 hour
30 minutes by institutional scheduling, which explains the incomplete coding of group
G2CC (12 of 28 items missing). G2CC was excluded from all quantitative analyses;
its available qualitative justifications were retained for the thematic analysis, where
the asymmetry is explicitly flagged.

3.4.2 Materials: comments and reference classification

The evaluation corpus consisted of 28 institutional comments collected during the con-
sultation stage in the two schools (e.g., “De un grupo de 30 ninos, aproximadamente la
mitad tiene acceso a internet en casa” — “Out of a group of 30 children, roughly half



have internet access at home”). Comments were distributed across the seven factors
as follows: F1 (4), F2 (5), F3 (3), F4 (4), F5 (5), F6 (3), F7 (4).

A reference classification (comment — recommendation set) was constructed
through a two-stage hybrid human-LLM process. Stage 1 (human consensus): three
members of the research team independently proposed associations for each comment
and resolved disagreements by discussion until consensus. Stage 2 (LLM augmenta-
tion): the GPT-5 large language model (OpenAl) was prompted—with the full factor
definitions, the 31 recommendation descriptions, and each comment—to propose asso-
ciations independently, in order to surface plausible associations overlooked by the
team (Liao and Vaughan 2023). Every LLM-proposed association was accepted only
if at least two team members judged it semantically justified; LLM proposals could
add associations but never remove human-consensus ones. Nine of the 28 comments
received multiple associations, reflecting the multidimensional nature of real institu-
tional situations. The verbatim prompt, the raw LLM outputs, the acceptance log,
and the final reference classification are provided as supplementary material in the
project repository (see Data Availability). We acknowledge that using a partially LLM-
augmented reference as the benchmark introduces a potential circularity and treat the
reference as a provisional standard whose own validity must be established in future
Delphi-style rounds; this limitation is discussed in Section 6.

3.4.3 Procedure

Each session began with informed consent and an explanation of the study’s pur-
pose. For every factor, participant groups received the conceptual definition and a set
of cards containing the related institutional comments. Groups then associated each
comment with one or more of the factor’s recommendations, providing a brief written
justification for each association. Participants were explicitly informed that multiple
associations were possible, that some recommendations might remain unused, and that
the absence of association was a valid response. Groups also recorded reflections on
unused recommendations or comments they considered ambiguous.

3.4.4 Quantitative analysis

Unit of analysis and data structure.

The unit of analysis is the institutional comment (item; n = 28). Each rater is a
working group (not an individual), and each observation is a set of recommendation
labels (multi-label coding over 31 possible labels). Four raters entered the analysis
(G1LF, G2LF, G1CC, G3CC).

Inter-rater reliability.

Because observations are label sets, Krippendorff’s « (Krippendorff 2018; Hayes and
Krippendorff 2007) was computed in its generalized form o = 1 — D, /D, with three
distance functions (Artstein and Poesio 2008): (i) nominal distance over entire sets
(two sets agree only if identical), a conservative baseline; (ii) Jaccard set distance
0(A,B) =1—|ANB|/|AU B|; and (iii) the MASI distance designed for set-valued
annotations (Passonneau 2006), which weights the Jaccard ratio by a monotonicity

10



coefficient (1 for identical sets, 0.67 for subset relations, 0.33 for non-nested overlap, 0
for disjoint sets). A shared label-set encoding was used across raters; we note that an
earlier internal version of the analysis encoded each rater’s responses independently,
which artificially inflated the nominal coefficient (to o = 0.372) and produced an
outlier flag for G3CC; the corrected analysis reported here supersedes those estimates,
and both analysis versions are preserved in the repository for transparency.

Uncertainty and inference.

95% confidence intervals for every « were obtained by nonparametric bootstrap over
items (1,000 resamples, percentile method) (Efron and Tibshirani 1994). To test
whether agreement exceeded chance, a permutation test (500 permutations) randomly
reassigned each rater’s label sets across items, yielding an empirical null distribution
for a.

Sensitivity and outliers.

Leave-one-out sensitivity analysis quantified each rater’s influence as A« (change in
a when the rater is excluded), with a pre-specified outlier criterion of Aa > 0.15.
Results are reported for the full rater set and for every leave-one-out subset, regardless
of direction.

Missing data.

G2CC was excluded (12/28 items missing; Table 2). G3CC’s four empty responses
were treated as a valid “no association” category in the primary analysis (consistent
with the protocol) and as missing in a sensitivity analysis.

Agreement with the reference.

Alignment between each rater’s label sets and the reference was quantified by exact
match (identical sets), the “at least one” criterion (non-empty intersection), mean
Jaccard similarity, consensus rates (simple majority: > 50% of raters sharing at least
one label with the reference per item; supermajority: > 66%), and label-level precision,
recall, and F1 per rater (treating each label as an independent binary decision).

Benchmark criteria.

Following the protocol defined a priori, the framework’s interpretive stability would
be considered acceptable if at least two of three criteria were met: A (reliability):
a > 0.667 (Krippendorff 2018); B (consensus): > 75% of comments with at least one
shared rater-reference recommendation, or > 80% with majority consensus, or > 65%
with supermajority; C (overlap): mean Jaccard > 0.55 or median exact agreement
> 50% (Tan et al. 2018). In this pilot these thresholds function as benchmarks against
which progress is measured, not as attained validation targets.

11



Software.

Analyses were implemented in Python 3 (pandas, NumPy, Matplotlib; the
krippendorff package was used for cross-checking nominal coefficients). The com-
plete analysis notebook, the standalone re-analysis script, and all raw anonymized
coding data are available in the project repository.

3.4.5 Qualitative analysis

Participants’ written justifications (one per association) were analyzed thematically.
Two researchers independently performed open coding of the justifications, grouping
them into themes linked to factors and recommendations; discrepancies were resolved
by discussion with a third researcher. As a complementary step, an open-weight
large language model (gpt-oss-120b) was used to produce a preliminary structuring
of the corpus (recurrent problem-recommendation—justification patterns and inter-
group contrasts); all model outputs were treated as candidate observations and were
verified, corrected, or discarded by the human coders against the raw data before inclu-
sion. The LLM therefore served as an augmentative pattern-surfacing aid, not as an
autonomous analyst (Liao and Vaughan 2023). Reflexivity was supported by record-
ing coding memos and by explicitly flagging the documentary asymmetry introduced
by incomplete groups. Representative verbatim excerpts (translated from Spanish) are
reported in Section 4.6.

4 Results

4.1 Field deployment and data completeness

In Colegio La Fontaine, the activity involved five participants organized into two
working groups (Fig. 2). The session revealed a clear learning curve: the first factor
required approximately 25 minutes to analyze, while subsequent factors averaged 15
minutes each. Participants described the activity as demanding due to the volume of
information and the need to justify associations, but emphasized its value in fostering
discussion of social sustainability challenges in their school.

Fig. 2 Evaluation activity at Colegio La Fontaine.
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In Colegio Comfandi Calipso (Fig. 3), seven participants took part in three groups
under a 1.5-hour constraint. One group (G2CC) was unable to complete the exercise
(16/28 items coded) and was excluded from quantitative analysis; another (G3CC)
completed all items but recorded four explicit “no association” responses, all in Fac-
tor 7 (Table 2). Participants reported that the activity was useful for reflecting on
social sustainability challenges despite the time pressure.

Fig. 3 Evaluation activity at Colegio Comfandi Calipso.

4.2 Inter-rater reliability

Table 3 and Figure 4 summarize the corrected reliability estimates. Under the multi-
label distances, Krippendorff’s a was 0.296 (Jaccard; 95% CI [0.225,0.343]) and
0.246 (MASI; [0.179,0.299]); under the conservative nominal (exact-set) treatment,
a = 0.150 [0.079,0.204]. Permutation tests indicate that all three coefficients exceed
chance-level agreement (p ~ 0.002; null mean = 0), but all remain well below the
a > 0.667 benchmark. Treating G3CC’s four empty responses as missing rather than as
a “no association” category changed the estimates only marginally (amomina = 0.162;
QJaccard = 0.326; anast = 0.269).

Table 3 Inter-rater reliability (4 raters, n = 28 items). 95% ClIs from 1,000 bootstrap
resamples over items; p-values from permutation tests (500 permutations).

Distance function Krippendorff’s a 95% CI Permutation p
Nominal (exact set) 0.150 [0.079, 0.204] 0.002
Jaccard set distance 0.296 [0.225, 0.343] 0.002
MASI (Passonneau 2006) 0.246 [0.179, 0.299] 0.002

Sensitivity: G3CC empty responses treated as missing
Nominal / Jaccard / MASI ~ 0.162 / 0.326 / 0.269 — —
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Inter-rater reliability under three distance functions

Nominal — all raters ——i |(tentative threshpld)
i
i
Jaccard — all raters - ——e— i
1
i
MASI — all raters - —— i
1
i
Nominal — without G1LF - I —— —— i
1
i
Jaccard — without G1LF o —_—— i
1
i
MASI — without G1LF ———— E
0.0 0.2 0.4 0.6 0.8

Krippendorff's a (95% bootstrap CI, 1,000 resamples)

Fig. 4 Inter-rater reliability under three distance functions, with 95% bootstrap confidence intervals,
for all raters (blue) and excluding the most influential rater, GILF (gray). All estimates remain below
the tentative o = 0.667 threshold.

Leave-one-out sensitivity analysis (Fig. 5) showed that no rater met the pre-
specified outlier criterion (Aa > 0.15) under the corrected analysis. The largest
influence corresponded to G1LF, whose exclusion increased a to 0.295 (nominal, A =
+0.145), 0.378 (Jaccard, A = +0.082), and 0.350 (MASI, A = +0.104)—still below the
benchmark in every case. This finding supersedes the earlier, encoding-artifact-driven
identification of G3CC as an outlier: under the corrected shared encoding, remov-
ing G3CC does not improve reliability (nominal A = —0.040; MASI A = —0.002).
G1LF’s influence is consistent with its expansive coding style (high recall, low pre-
cision; Section 4.3) rather than with misunderstanding, and its data were therefore
retained in all primary analyses, with the leave-one-out estimates reported alongside
for completeness.

Leave-one-out sensitivity of Krippendorff's a
0.15 F==—====——m——=—mm—mmmm—mmmmmmm—mmem -

—== Outlier criterion (Aa = 0.15) |
I Nominal (a=0.150)

mw Jaccard (0=0.296)

s MASI (0=0.246)

Aa when rater is excluded

GILF G2LF G1cC G3cC

Fig. 5 Leave-one-out sensitivity of Krippendorff’s o under the three distance functions. No rater
exceeds the pre-specified outlier criterion (Aa = 0.15, dashed line).
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At the institution level, the CC pair (G1ICC-G3CC) showed higher internal con-
sistency (amast = 0.378; anominal = 0.308) than the LF pair (G1LF-G2LF; apas =
0.184; ayominal = 0.029), driven by the contrast between G1LF’s expansive and G2LF’s
conservative styles. The pairwise similarity matrix (Fig. 6) confirms this: the highest
mean Jaccard similarity was observed between G2LF and G1CC (0.45) and between
G1CC and G3CC (0.43), and the lowest between G1LF and G3CC (0.15).

Mean pairwise Jaccard similarity
between evaluators (n = 28 items)

1.0

0.8

0.6

0.4

r0.2

' Lloo
<
N\ N\
X &

Fig. 6 Mean pairwise Jaccard similarity between evaluator groups across the 28 items.

4.3 Agreement with the reference classification

Exact agreement with the reference averaged 17.0% (median 19.6%), the “at least
one overlap” criterion reached 58.0% (median 55.4%), and the mean Jaccard index
was 0.343 (median 0.341). Simple-majority consensus was obtained for 67.9% of the
items and supermajority consensus for 53.6%, with an average of 2.32 raters in agree-
ment per item. Per-evaluator results (Table 4, Fig. 7) reveal distinct coding profiles.
G1LF combined high recall (0.75) with low precision (0.37): an expansive strategy that
maximizes partial matches (78.6% “at least one”) at the cost of exactness (0% exact
match). G2LF showed the opposite, conservative pattern (precision 0.36, recall 0.30).
G1CC achieved the most balanced profile (precision 0.51, recall 0.50, F1 = 0.506), and
G3CC paired moderate precision (0.50) with low recall (0.30), a restrictive style. The
average F'1 across evaluators was 0.426.

4.4 Item- and factor-level analysis

Figure 8 maps inter-rater Jaccard similarity for every item and rater pair, grouped
by factor. Items with the highest convergence exhibit clear conceptual boundaries
and strong thematic specificity: CCF6C1 (infrastructure; mean pairwise Jaccard 0.75;
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Table 4 Per-evaluator agreement with the reference classification (n = 28 items).

Rater Exact (%) > 1 overlap (%) Jaccard Precision Recall F1

GI1LF 0.0 78.6 0.337 0.37 0.75 0.50
G2LF 17.9 42.9 0.274 0.36 0.30 0.33
G1CC 21.4 67.9 0.417 0.51 0.50 0.51
G3CC 28.6 42.9 0.345 0.50 0.30 0.38
Mean 17.0 58.0 0.343 0.44 0.46 0.43

Evaluator coding profiles: precision vs. recall

F1=0.P1=0.F¥1=0.4F1=0.5 F1=0.6 \F1=0.7

0.8 - GILF
F1=0.50

_ .( )
[
19
]
.g 061 G1CC
v F1=0.50
; o ’
wn
2z
= 0.4
: Biogiosm
g R e

0.2 A

0.0 T T T T

0.0 0.2 0.4 0.6 0.8 1.0

Precision (vs. reference)

Fig. 7 Evaluator coding profiles: precision vs. recall against the reference classification, with iso-F1
curves. G1LF is expansive (high recall, low precision); G2LF and G3CC are conservative; G1CC is
the most balanced.

F1 vs. reference 0.92), LFF1C2 (a quantified connectivity gap; 0.625; F1 = 0.85), and
the three Factor 3 items (LFF3C1, LFF3C3, LFF3C5; all 0.50; F1 = 0.75). Conversely,
the lowest convergence concentrated in Factor 2 (LFF2C2 and LFF2C6, 0.10; LFF2C7,
0.22), Factor 7 (LFF7C3, 0.11; LFF7C4, 0.18), and two Factor 1 comments of abstract,
aspirational wording (CCF1C1, CCF1C5, 0.17; LFF1C3, F1 vs. reference 0.00).

Aggregating at the factor level (Table 5) localizes the interpretive difficulty: mean
pairwise Jaccard was highest for F3 (0.50), F6 (0.39), and F5 (0.34), and lowest for
F2 (0.20) and F7 (0.24). Exploratory per-factor MASI « values (to be read with
caution given 3-5 items per factor) reproduce the pattern, with F2 (—0.001), F4
(—0.016), and F7 (0.049) indistinguishable from chance. Items permitting multiple
plausible interpretations showed simultaneously low precision and low recall, indicating
genuine boundary ambiguity rather than mere over- or under-selection. These results
identify F2, F4, and F7—precisely the factors whose recommendations overlap most
with neighboring factors (Table 1)—as the priority targets for rewording, boundary
clarification, and coder calibration in the next iteration.
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Item-level inter-rater Jaccard similarity by rater pair

CCF1C1 (F1) 4
CCF1C5 (F1) 4
LFF1C2 (F1) q
LFF1C3 (F1) 4
CCF2c1 (FZ)_
LFF2C1 (F2) 4
LFF2C2 (F2) 4
LFF2C6 (F2) o 10
LFF2C7 (F2) 4 '
LFF3C1 (F3) q
LFF3C3 (F3) 0.8
LFF3C5 (F3) 4
CCF4C1 (F4) 4 0.6
LFF4C2 (F4) 4
LFF4C3 (F4) 4

LFF4C6 (F4)

0.4

Jaccard similarity

CCF5C1 (F5)
LFF5C1 (F5) 0.2
LFF5C2 (F5)
LFF5C5 (F5)
LFF5C6 (F5) 0.0
CCF6C1 (F6)
LFF6C2 (F6)
LFF6C3 (F6)
CCF7C1 (F7)
LFF7C3 (F7)
LFF7C4 (F7)

LFF7C5 (F7)

Fig. 8 Item-level inter-rater Jaccard similarity by rater pair, grouped by factor (white lines separate
factors). Darker cells indicate higher agreement.

4.5 Benchmark attainment

Figure 9 contrasts every observed indicator with its pre-registered threshold. None of
the three criteria was met (0/3): Criterion A (o = 0.296 under the most favorable
distance vs. 0.667), Criterion B (58% “at least one” vs. 75%; 67.9% majority vs.
80%; 53.6% supermajority vs. 65%), and Criterion C (mean Jaccard 0.343 vs. 0.55;
median exact agreement 19.6% vs. 50%). Consequently, and in line with the framing
adopted throughout this article, the pilot does not establish the content validity of
the framework; it quantifies the distance to the validation targets and identifies where
that distance is concentrated.
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Table 5 Factor-level convergence (n = items per factor). Per-factor « is exploratory given the
small number of items.

Factor Items Mean pairwise Jaccard MASI « (exploratory)
F1 Digital inclusion & equity 4 0.337 0.189
F2 Cultural relevance 5 0.204 —0.001
F3 Social cohesion 3 0.500 0.253
F4 Skills & digital literacy 4 0.306 —0.016
F5 Safety, privacy, trust 5 0.344 0.100
F6 Infrastructure 3 0.394 0.190
F7 Psychosocial impact 4 0.240 0.049

Threshold attainment across the three validation criteria (0/3 met)

A: a (Jaccard dist., all raters)

B1: =1 shared recommendation

B2: Majority consensus (=50%)

B3: Supermajority (=66%)

C1: Mean Jaccard vs reference

C2: Median exact agreement

0.0 0.2 0.4 06 08 1.0

Observed value (bar) vs. pre-registered threshold (black marker)

Fig. 9 Threshold-attainment dashboard. Bars show observed values; black markers show the pre-
registered thresholds. Red bars indicate unmet criteria (0/3 met).

4.6 Qualitative findings

Across the corpus of justifications, three dominant thematic axes emerged consistently
in both schools: family and community participation, the need for continuous train-
ing, and concerns surrounding digital safety. These axes were systematically expressed
through the repeated selection of recommendations linked to digital divide diagnostics
(F1R1), co-creation and cultural documentation (F2R4-F2R5), training spaces and
technological transfer (FAR1-F4R4), and safe digital literacy (F5R2-F5R3). Repre-
sentative justifications (translated from Spanish) illustrate the grounded character of
these associations:

“Because it is important to integrate the family into educational spaces to foster
communication in the school community.” (G1CC, comment LFF2C1 — F2R2)

“Because explaining to parents communicates their digital rights and data protection,
bearing in mind that school leadership must recognize the importance of these rights and
the risks.” (G2LF, LFF5C2 — F5R1, F5R2)
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“Because it is important to train families so they can support students’ work at home.”
(G1CC, LFF4C6 — F4R2)

“Because spreading its purpose, benefit and impact makes the community understand the
importance of co-creating.” (G2LF, LFF4C3 — F4R4)

Several recurrent argumentative structures emerged, including the sequences diag-
nosis — intervention, training — appropriation, and co-creation — cultural relevance,
indicating internally coherent reasoning across groups. The analysis also identi-
fied implicit assumptions that shaped decisions without full justification: training
was frequently assumed to lead automatically to appropriation; cultural co-creation
was treated as sufficient for relevance; and observatory mechanisms were perceived
as direct generators of opportunities. These implicit chains appeared most promi-
nently in G1LF, consistent with its expansive quantitative profile, whereas G2LF
and G3CC favored focused, operational selections and G1CC occupied an intermedi-
ate, community-oriented position. Variability in the completeness of justifications—
especially in GILF and in the partially documented G2CC—Ilimits the traceability of
some decisions and is itself a finding: future instruments should require a justification
before an association can be recorded.

Overall, the qualitative corpus shows that participants recognize the structural
challenges the framework names and reason about them in patterned, largely coherent
ways, even where their label choices diverge. The divergences concentrate on which
recommendation best operationalizes a shared concern—an instrument-level boundary
problem—rather than on the underlying concepts.

5 Discussion

The integrated analysis offers a candid assessment of the current state of the frame-
work and of the methodological process used to examine it. Quantitatively, agreement
among evaluators exceeded chance but fell short of every pre-registered benchmark;
under the corrected multi-label analysis, no indicator approached its threshold, and
no rater qualified as an outlier whose removal would change that conclusion. The
honest reading is that the framework, in its current wording and with untrained
coders, does not yet support reproducible comment-recommendation mappings. At
the same time, the structure of the disagreement is informative rather than ran-
dom: convergence was systematically higher for factors with operational, materially
anchored definitions (infrastructure, cohesion) and lower for factors whose boundaries
are semantically porous (cultural relevance, literacy, psychosocial impact). This pat-
tern points to instrument refinement—boundary rules, illustrative examples, coder
calibration—rather than to a rejection of the underlying constructs.

Three methodological considerations qualify the interpretation. First, raters were
untrained by design: the pilot measured the framework’s interpretability as encoun-
tered, after a brief introduction, by busy school staff. Reliability benchmarks such as
a > 0.667 were developed for trained coders applying a codebook (Krippendorff 2018;
Hayes and Krippendorff 2007); their non-attainment here quantifies the calibration
work ahead rather than invalidating the constructs. Second, the coexistence of diver-
gent analytical styles (expansive vs. conservative; technical vs. community-oriented)
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generated structured disagreement, visible in the precision—recall profiles; future ses-
sions should include calibration rounds with worked examples and prioritization rules
when multiple recommendations apply. Third, practical conditions—the CC session’s
time constraint, simultaneous workload, and uneven familiarity with the materials—
measurably affected completeness and depth, underscoring that evaluation logistics
are part of the instrument.

The qualitative evidence complements this picture. Despite low coding consistency,
robust thematic patterns cut across all groups: family involvement, continuing educa-
tion, and digital safety were salient in every dataset, and participants’ justifications
displayed coherent reasoning chains anchored in their institutional realities. Diver-
gences reflected differences in pedagogical priorities and situated knowledge more than
conceptual confusion. This convergence at the level of concerns, combined with diver-
gence at the level of label assignment, is precisely the configuration one expects from
a conceptually resonant but operationally under-specified instrument.

Finally, the comparison between institutions should be read cautiously. Under the
corrected analysis the CC pair was internally more consistent than the LF pair, but
with two rater-groups per school and different session conditions, institutional differ-
ences are confounded with group composition and time constraints, and we refrain
from drawing school-level conclusions.

6 Limitations

This study has important limitations that bound its claims. (1) Scale and sampling:
the pilot involved two schools and twelve participants recruited by convenience, orga-
nized into five group-raters of which four were analyzable; the findings describe these
settings and cannot be generalized to vulnerable communities at large. (2) Group-
level coding: consensus coding by groups reflects institutional decision practices but
reduces the effective number of raters and conflates individual and group variance. (3)
Incomplete data: one group was excluded for missingness and one session was time-
constrained, introducing documentary asymmetries that we report but cannot fully
correct. (4) Missing stakeholder voices: students and families did not participate in this
cycle, so the evidence speaks only to teacher and administrator perspectives. (5) Pro-
visional reference standard: the reference classification was produced by the research
team with LLM augmentation; although every association was human-validated and
all materials are released, the team’s involvement in both framework design and ref-
erence construction creates a potential circularity, and the reference itself requires
independent validation. (6) Scope of validity evidence: the pilot addresses interpre-
tive consistency only; relevance and comprehensiveness in the sense of COSMIN-type
content validity (Terwee et al. 2018) remain to be assessed. (7) Participation depth:
community members acted as consulted stakeholders rather than co-researchers, so
the study does not yet meet the participation standards of mature PAR (Cornish et al.
2023; Cockerham 2024).
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7 Conclusions and Future Work

This study developed a seven-factor social sustainability framework with 31 oper-
ational recommendations for technology-mediated learning in vulnerable primary
schools, and subjected it to a first exploratory pilot of interpretive stability with
school stakeholders in Santiago de Cali. The framework shows conceptual promise:
stakeholders recognize its concerns, reason about them coherently, and value the evalu-
ation exercise itself. However, the pre-registered validation criteria were not met (0/3),
and the framework therefore requires further refinement, calibration, and larger-scale
validation before it can be recommended as a validated instrument for institutional
decision-making.

The pilot’s diagnostic value lies in localizing the work ahead. Future iterations
will: (i) rewrite the lowest-convergence items and recommendations (concentrated in
Factors 2, 4, and 7) using the boundary rules introduced in Table 1, with worked
examples; (ii) introduce coder calibration sessions and require justifications at the
moment of association; (iii) validate the reference classification independently, through
Delphi-style expert rounds that remove the framework authors from the benchmark;
(iv) expand the sample to additional schools and include students and families, gath-
ering relevance and comprehensiveness evidence in line with content-validity guidance
(Terwee et al. 2018); (v) deepen participation toward genuine co-research, transfer-
ring analysis and decision roles to community members (Cornish et al. 2023); and (vi)
progress toward implementation testing, articulating diagnostics, training, and cul-
tural co-creation into pilot interventions with capacity for scaling. The transparent
protocol, open data, and uncertainty-aware reporting introduced here are intended to
make each of those next steps auditable and replicable.
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Table A1: Social sustainability factors and associated recommen-
dations for the development of learning experiences mediated by
interactive technologies in vulnerable communities.

ID

Factor

Associated Recommendations

F1

Digital inclusion
and social equity

F1R1. Conduct periodic analyses of the digital divide
within the institution: Implement a multidimensional
diagnostic process evaluating material access, digital
skills, motivation, effective use, and tangible benefits
obtained from technology. Utilize stratified sampling,
differentiated instruments, and quantitative-qualitative
indicators to identify gaps and direct resources equitably.
F1R2. Apply Universal Design for Learning principles
to educational content and platforms: Adopt a UDL
framework based on cognitive neuroscience to optimize
learning for diverse populations through multiple means
of representation, action and expression, and engage-
ment. Implement pilot experiences in fundamental sub-
jects using existing resources and simplified assessment
rubrics.

F1R3. Strengthen pedagogical and technological capac-
ities of teaching staff: Develop progressive, context-based
training programs utilizing cascade methodologies and
strategic partnerships. Ground professional development
in authentic classroom challenges to enhance motivation
and practical application of digital tools for designing
context-appropriate pedagogical solutions.

F1RA4. Foster institutional leadership integrating I1CT
into the educational project: Establish leadership that
positions ICT as a transversal axis in the institutional
educational project, allocates resources strategically, and
cultivates a continuous improvement culture. Implement
recognition mechanisms for pedagogical innovation and
intergenerational learning initiatives involving students
as technological mediators.

F1R5. Establish internal observatories for monitor-
ing emerging technologies: Constitute interdisciplinary
teams to systematically identify, analyze, and dissemi-
nate emerging technologies within the institution. Con-
duct periodic demonstrations evaluating strengths, lim-
itations, and educational applications while maintaining
community awareness through institutional communica-
tion channels and formative assessment mechanisms.

Continues on next page
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ID

Associated Recommendations

F2

Factor

Cultural rel-
evance and
contextualiza-
tion

F2R1. Organize collaborative design workshops involv-
ing students, families, and teachers: Implement collabo-
rative design sessions integrating the educational commu-
nity from initial phases of problem definition, ideation,
prototyping, and validation. Establish partnerships with
local universities to facilitate sessions through internships
or capstone projects, reducing costs while strength-
ening institutional linkages and promoting community
ownership.

F2R2. Create ongoing feedback spaces maintaining open
dialogue among educational stakeholders: Establish for-
mal and informal feedback mechanisms through peri-
odic meetings, anonymous suggestion channels, and brief
satisfaction surveys. Implement inclusive participation
formats with flexible schedules and ludic dynamics. Doc-
ument contributions systematically and maintain con-
tinuous improvement cycles communicating implemented
modifications transparently.

F2R3. Ensure explicit cultural adaptation of content to
local symbolic and linguistic contexts: Design and adapt
technological solutions reflecting community languages,
practices, and knowledge to enhance social appropria-
tion. Identify cultural assets such as oral narratives, local
art, ancestral knowledge, and cultural heritage. Inte-
grate local cultural references into multimedia resources
and train teachers in designing contextualized learning
experiences recognizing linguistic, religious, and social
diversity.

F2R4. Co-create local digital content documenting
and valuing community knowledge: Actively involve
the educational community in creating digital content
authentically reflecting cultural realities, territories, and
local knowledge. Form intergenerational teams where
elders narrate traditional stories, students document
using accessible devices, and community leaders provide
contextual insights. Guide documentation of local gas-
tronomy, dances, and historical narratives using basic
technological tools.

Continues on next page
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ID

Associated Recommendations

F2R5. Systematically integrate localized cultural knowl-
edge into educational platforms and curricula: Collect
and systematize community knowledge, practices, lan-
guages, and traditional learning forms for active inte-
gration into content design, interfaces, and technological
activities. Include local visual or narrative elements in
interfaces, adapt use cases to familiar contexts, co-design
content with teachers and students based on their cul-
ture, and reinforce authenticity to foster belonging and
confidence in technological solutions.

F3

Factor

Social cohe-
sion and
collaboration

F3R1. Design collaborative activities among students
from different grades: Implement technology-mediated
interactions fostering mnetwork construction, mutual
learning, and shared belonging. Establish peer men-
toring programs where upper-grade students guide
younger peers in emerging technologies with rotating
roles. Design integrated collaborative projects addressing
shared objectives and real problems. Include collabo-
ration indicators in assessment systems and publicly
recognize collective achievements, as social interaction
precedes individual internalization of learning.

F3R2. Establish partnerships with local actors to share
resources and co-design solutions: Develop strategic
alliances based on mutual contribution of capacities,
knowledge, and resources. Convene local leaders, pri-
vate sector, academia, and community stakeholders to
discuss common challenges and explore collaborative
approaches for successful ICT implementation. Structure
win-win agreements emphasizing institutional value as
axis of community cohesion and future, facilitating acqui-
sition of technological, human, and financial resources for
emerging projects.

F3R3. Integrate real community challenges into ped-
agogical work through low-cost technological solutions:
Incorporate authentic community problems from fam-
ily contexts and local action groups into collaborative
working groups. Map and prioritize existing community
problems with students, families, and leaders. Formulate
clear time-bound challenges, co-design low-cost solutions
with available resources, prototype and measure effec-
tiveness, and disseminate results proposing improvement
opportunities.

Continues on next page
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Factor

Associated Recommendations

F4

Skills  develop-
ment and digital
literacy

F4R1. Develop ongoing teacher training based on locally
identified needs: Design continuous training programs
strengthening teachers’ digital competencies beyond
technical device use, focusing on pedagogical applica-
tions. Conduct diagnostic assessments to identify specific
needs by knowledge area, structure progressive learn-
ing paths addressing technical, pedagogical, and social
dimensions, and implement recognition systems docu-
menting innovations and good practices.

F4R2. Create joint training spaces for students and
families to develop essential digital skills: Establish
multigenerational workshops where students and families
jointly develop basic digital competencies, strengthening
intergenerational bonds and reducing technology-related
anxiety. Diagnose family digital skills and household
access, design accessible didactic materials addressing
daily life needs, and establish communication channels
linking school-based technological projects with home
support.

F4R3. Promote practical experiences in maker spaces or
digital fabrication laboratories: Organize visits to nearby
MakerLabs enabling hands-on, project-based collabora-
tive learning with tools such as 3D printers, laser cutters,
and robotics kits. Develop STEAM skills articulated
with curriculum, facilitate community project partici-
pation, and provide access to emerging technologies for
students addressing local challenges through structured
pilot experiences.

F4RA4. Implement technology transfer strategies ensur-
ing locally developed solutions remain accessible: Guar-
antee co-creation and appropriation of technological
solutions from initial phases by actively involving stu-
dents, teachers, and community members. Promote com-
munication and dissemination spaces sharing purpose,
benefits, potential impact, and associated risks through
existing or low-cost institutional media, consolidating
educational institutions as community leaders in infor-
mation technology awareness.

Continues on next page
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ID Factor Associated Recommendations
F5 Safety, privacy, FB5RI1. Draft clear, accessible data protection policies
and trust for students and families: Develop accessible policies in

simple language adapted to local contexts using visual
resources and situated examples. Implement differenti-
ated communication materials for children, youth, and
adults through multiple channels. Include digital rights,
privacy, and security content in the curriculum, and
ensure transparent communication of data usage and
protection mechanisms to increase community trust.
F5R2. Identify institutional vulnerabilities related to
technology use and address them proactively: Recognize
threats emerging from technology use including personal
data misuse, privacy loss, access inequality, and ethi-
cal impacts. Organize workshops on digital privacy and
identity when detecting uncontrolled social media use.
Evaluate educational applications requesting excessive
device permissions and train teachers to review privacy
policies before classroom technology implementation.
F5R3. Integrate ethical and safe digital literacy into
the curriculum: Foster responsible technology use among
students, teachers, and families through secure password
creation, personal information protection, ethical infor-
mation use avoiding plagiarism, and critical reflection
on algorithmic biases in automated systems including
generative Al. Promote awareness of digital risks and
appropriate citation practices.

F5RA4. Select technological tools complying with privacy
and transparency standards: Ensure classroom technolo-
gies meet minimum security and privacy standards,
protecting student information and requiring authoriza-
tion for personal data collection. Prioritize recognized
educational platforms with clear privacy policies, avoid
applications collecting unnecessary data, and obtain
informed parental consent explaining data usage, protec-
tion measures, and storage duration.

Continues on next page
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F5R5. Foster trust through proactive engagement with
families and creation of mixed monitoring commit-
tees: Generate trust by involving parents and caregivers
through informative sessions and simple demonstrations
explaining institutional technological solutions transpar-
ently. Organize quarterly workshops in accessible lan-
guage, demonstrate digital tools before implementation,
and establish mixed technology committees with stu-
dents, teachers, and family representatives reviewing ICT
use and proposing improvements monthly.

F6

Sustainable

and context-
appropriate
infrastructure

F6R1. Prioritize solutions operating offline and syn-
chronizing data when connectivity is available: Design
architectures functioning offline by default with effi-
cient synchronization when internet access exists. Docu-
ment electrical supply and connectivity stability, identify
environmental risks and available physical spaces. Pri-
oritize low-energy consumption devices with integrated
electrical protection, interchangeable parts, and repair
possibilities.

F6R2. Explicitly assess infrastructure conditions and
design flexible, safe, low-cost spaces: Enable multipur-
pose spaces functioning as classrooms, laboratories, or
community rooms for digital technology learning and
experimentation. Utilize reusable furniture made from
local materials, design spaces adapted to cultural pecu-
liarities fostering ownership and collaborative learning,
and ensure adequate conditions including electrical sup-
ply, ventilation, humidity control, and lighting.

F6R3. Implement repair, reuse, and refurbishment prac-
tices through partnerships: Obtain donated devices from
universities, companies, or foundations and recondition
them with free software avoiding licensing costs. Orga-
nize community donation events collecting old comput-
ers, printers, and electronic parts. Create student and
teacher groups with basic hardware repair and preventive
maintenance knowledge, reducing costs and strengthen-
ing technological sustainability within the educational
community.

Continues on next page
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F6RA4. Establish institutional cooperation channels with
community allies: Enable communication channels and
collaborative initiatives with neighboring schools provid-
ing technology access and digital support. Partner with
public libraries offering ICT access and digital accompa-
niment. Strengthen alliances with community partners
and stakeholders to develop programs adapted to student
needs and preferences.

F6R5. Encourage family and community-based initia-
tives integrating technological creation with sustainabil-
ity: Launch semester programs where teachers convene
students and family representatives to identify local
challenges, ideate technological solutions, and prototype
using recycled materials and low-cost open-hardware
kits under university mentorship. Exhibit projects for
fundraising, document solutions through manuals and
explanatory videos shared digitally, articulating innova-
tion, family participation, and financial sustainability.

F7

Psychosocial
impact
educational
technologies

of

F7R1. Establish clear protocols for periodic evalua-
tion of socio-emotional impact of technology use: Define
psychosocial evaluation protocols identifying early signs
of discomfort with technological solutions and acti-
vating preventive mechanisms. Establish baseline and
continuous monitoring through simple indicators includ-
ing general mood, task-related stress, and perceived
teacher support. Define early warning signals, create risk-
level intervention pathways, organize regular expression
spaces, and train teachers in recognizing alert signals.
F7R2. Ensure technological adoption has meaningful
and publicly recognized purpose for the educational com-
munity: Ensure technologies provide real value to student
and family needs rather than adoption by trend or
imposition. Identify interests and needs through simple
surveys or discussion spaces, define meaningful peda-
gogical objectives related to ICT use, design activities
oriented toward final products satisfying identified needs,
and select free or low-cost tools for prototype implemen-
tation.

Continues on next page
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F7R3. Create ICT-mediated spaces for collaboration
and socialization fostering belonging and visibility: Pro-
mote collaborative ICT projects where students work
in teams, build local solutions, and present results pub-
licly to improve quality of life and social connectivity.
Define academic calendar spaces enabling social inte-
gration, design science meetings, contests, and forums
promoting collaboration and ICT empowerment, and
document participation spaces identifying improvement
opportunities.

F7R4. Provide continuous emotional and pedagogical
support reducing psychological barriers and technology-
related anxiety: Implement training and accompaniment
for teachers and students reducing technology use bar-
riers and alleviating stress through face-to-face sessions
and group programs in friendly environments. Recognize
teachers’ key role influencing student ICT appropriation.
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