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Abstract

This article applies the H-VALIDA framework: Hybrid Validation
and Auditing for Localized, Interpretable, Documented, and Accountable Al-
Assisted Surveys, to the national context of Belize. Using structured
simulation across five domains of high relevance to sustainable development
(public health access, educational inequality, climate adaptation, digital
inclusion, and poverty and informal livelihoods), the study evaluates the
comparative performance of hybrid human-Al approaches versus purely
automated systems. Findings demonstrate that human validation consistently
identifies and corrects categories of error that pure automation systematically
misses, particularly linguistic distortion, cultural misclassification, urban
bias, and loss of policy-relevant distinctions. The magnitude and character of
these risks prove domain-dependent: linguistic and cultural risks are most
acute in health and education surveys involving open-ended responses, while
urban and digital bias dominate climate and digital-inclusion scenarios.
Privacy risks are elevated wherever detailed demographic and geographic
information is collected from small communities. The article further maps
the framework’s contributions to multiple Sustainable Development Goals
and argues that reliable, inclusive, and transparent survey systems are
foundational to evidence-based development planning in small developing

WWW.esipreprints.org 608



http://www.eujournal.org/
https://doi.org/10.19044/esipreprint.8.2026.p608

ESI Preprints August 2026

states and Small Island Developing States. The simulation design
deliberately prioritises the articulation and probing of an operational
framework that subsequent empirical field studies can test and refine.
Overall, the results support the claim that hybrid methodologies significantly
outperform  purely automated systems in reliability, contextual
interpretability, methodological transparency, and ethical robustness under
the conditions characteristic of Belize and analogous settings. The study
contributes both a domain-specific operational framework and a set of
simulation-grounded insights into the comparative performance of hybrid
versus purely automated approaches in multilingual, low-resource survey
environments. By situating the analysis within the concrete institutional,
linguistic, and geographic realities of Belize, the article also advances a
broader argument about the conditions under which Al-assisted measurement
can serve, rather than undermine, the informational requirements of
sustainable development governance in small developing states.

Keywords: H-VALIDA; Belize; Al-Assisted Surveys; Simulation;
Sustainable Development Goals; Multilingual Surveys; Data Scarcity;
Hybrid Validation; Small Island Developing States; Contextual Adaptation

1. Introduction

Belize occupies a distinctive geopolitical, cultural, historical, and
developmental position within Central America and the wider Caribbean.
Geographically located on the Central American mainland yet possessing
strong Caribbean, British colonial, Indigenous, Latin American, and
multicultural influences, the country presents a revealing laboratory for
examining Al-assisted survey methodologies. Its demographic composition
includes Creole, Mestizo, Garifuna, Maya, Mennonite, East Indian, Chinese,
Arab, expatriate, and mixed-heritage communities. Multiple languages are
spoken, including English (the official language), Spanish, Belizean Creole
(Kriol), Garifuna, Maya languages (Q’eqchi’, Mopan, Yucatec), and German
dialects among Mennonite communities. This linguistic and cultural plurality
is not merely a background characteristic; it constitutes a core
methodological challenge for any data-collection enterprise that aspires to
national representativeness and interpretive validity.

These features generate substantial methodological complexities for
data collection and interpretation. Geographic fragmentation, uneven
transportation infrastructure, rural isolation, digital inequalities, variable
internet connectivity, institutional resource limitations, and incomplete
statistical databases create barriers to large-scale data collection. Many rural
communities, Indigenous populations, remote settlements, and digitally
marginalised groups remain underrepresented in national datasets.
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Traditional survey quality frameworks that assume relatively homogeneous
linguistic environments, high digital penetration, and robust institutional
capacity for fieldwork supervision are only partially transferable to such
settings. When large language models and related Al systems are introduced
into the survey pipeline, whether for questionnaire design, translation, coding
of open-ended responses, adaptive sampling, or predictive analytics, the
assumptions underlying conventional quality assurance require systematic
revision.

The present study situates Belize as a strategically informative case
for examining the promises and risks of Al-assisted survey systems under
conditions of data scarcity, multilingualism, and institutional constraint. The
choice of Belize is deliberate: the country’s combination of small population
size, extreme geographic and cultural diversity within a compact territory,
climate wvulnerability, and ongoing digital transformation creates a
concentrated set of challenges that many larger developing states experience
in more diffuse form. Insights generated from this case therefore possess
analytical transferability to other small developing states, Caribbean nations,
Small Island Developing States (SIDS), Indigenous regions, and multilingual
societies facing analogous constraints. The analytical transferability of the
findings rests on the thickness of the contextual description provided and on
the explicit articulation of the boundary conditions under which the observed
patterns are expected to hold.

Belize’s population of approximately 400,000 is distributed across
six districts that differ markedly in topography, economic base, linguistic
composition, and access to public services. Urban centres such as Belize City
and Belmopan concentrate administrative capacity and digital infrastructure,
while remote villages in the Toledo District, cay communities, and inland
Mennonite settlements present distinct logistical and communicative
challenges. These internal contrasts mean that a survey system designed
solely around urban, English-dominant, digitally connected populations will
systematically misrepresent national realities. The introduction of Al tools
into such a system therefore requires careful attention to the ways in which
algorithmic ~ assumptions  interact with  existing  patterns  of
underrepresentation.

Historically, Belize’s statistical systems have evolved under
conditions of limited fiscal space, intermittent technical assistance, and
competing demands on institutional capacity. National household surveys,
labour-force surveys, and specialised modules on health, education, and
environment have provided essential information for policy, yet coverage
gaps, delayed publication, and limited disaggregation by language and
ethnicity have constrained their utility for equity-oriented planning. Against
this backdrop, the prospect of Al-assisted acceleration of survey design,

WWWw.esipreprints.org 610



http://www.eujournal.org/

ESI Preprints August 2026

translation, coding, and analysis is both attractive and fraught. The
attractiveness lies in the potential to reduce costs and timelines; the risks lie
in the possibility that efficiency gains will be purchased at the expense of
representational accuracy and interpretive validity.

1.2 The Dual Promise and Risk of Al in Belize

Al technologies may enhance multilingual translation, adaptive
questionnaire design, automated data organisation, predictive analytics,
remote survey deployment, and rapid processing of large datasets. In low-
resource environments, these capabilities appear to offer solutions for
overcoming personnel shortages, financial constraints, and delayed statistical
reporting. Automated transcription and coding of open-ended responses can
reduce the time and cost associated with manual content analysis. Machine
translation can, in principle, expand the linguistic reach of instruments.
Adaptive algorithms can tailor question wording or skip patterns to
respondent characteristics. Remote deployment modalities can extend
coverage into areas that are difficult or expensive to reach with face-to-face
teams.

Simultaneously, systems trained predominantly on data from
technologically advanced nations may fail to interpret local realities, cultural
practices, linguistic expressions, Indigenous knowledge systems, and
informal social structures. Algorithmic bias, urban-centric assumptions,
translation distortions, and opaque analytical procedures may generate
misleading conclusions that appear scientifically authoritative despite
lacking contextual validity. The literature on fairness, accountability, and
transparency in machine learning has documented numerous instances in
which models trained on majority-language, high-resource corpora
systematically underperform or actively distort meaning when applied to
minority languages, code-switched speech, or culturally specific concepts
(Bender et al., 2021; Noble, 2018; Barocas & Selbst, 2016; Crawford, 2021).
In the survey domain, such distortions can translate directly into biased
estimates of poverty, health access, educational need, climate vulnerability,
and digital exclusion, precisely the indicators required for Sustainable
Development Goal (SDG) monitoring and national development planning.

The dual character of Al in this setting therefore requires a
methodological posture that is neither techno-optimistic nor techno-
pessimistic, but instead rigorously evaluative. The H-VALIDA framework
was developed precisely to operationalise such a posture: it insists on
continuous human validation, contextual sampling, algorithmic auditing,
source triangulation, open documentation, and ethical accountability as non-
negotiable conditions for the responsible use of Al in survey research under
conditions of linguistic diversity, geographic dispersion, and institutional
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constraint. The framework treats human judgment not as a residual quality-
control step to be minimised, but as a constitutive element of methodological
validity.

In practical terms, the dual promise and risk of Al manifests
differently across stages of the survey lifecycle. At the design stage,
generative models can propose question wordings and skip patterns, yet may
embed assumptions about household structure, gender roles, or economic
activity that do not travel well to Belizean contexts. At the translation stage,
neural machine translation can accelerate the production of multilingual
instruments, yet may flatten idiomatic and culturally loaded expressions. At
the coding stage, automated classification of open-ended responses can
process volume at speed, yet may collapse policy-relevant distinctions into
residual categories. At the analysis and reporting stage, predictive models
can identify correlations and generate forecasts, yet may amplify sampling
biases already present in the data. Each of these stages therefore constitutes a
potential point of failure that hybrid validation is designed to intercept.

The literature on automation bias further cautions that decision-
makers may place undue confidence in outputs that are fluent, internally
consistent, and presented with the trappings of computational authority. In
settings where independent technical capacity to audit algorithmic systems is
limited, this risk is amplified. Hybrid procedures that require explicit human
review, documentation of interventions, and the capacity for contestation
therefore serve not only methodological but also institutional and democratic
functions: they preserve the possibility that communities and independent
experts can challenge representations that mischaracterise their realities.

1.3  Research Objectives and Questions

The objectives of this article are fourfold. First, to examine the social,
cultural, linguistic, geographic, environmental, and institutional
characteristics of Belize that affect Al-assisted survey design and
interpretation. Second, to evaluate the performance of hybrid human-Al
systems through structured simulation across five development-relevant
domains. Third, to assess the contribution of validated Al-assisted surveys to
Sustainable Development Goal monitoring and to map differentiated risk
profiles by domain. Fourth, to identify practical recommendations for
government agencies, universities, NGOs, and development organisations
operating in Belize and comparable contexts.

The central research question is: How does the application of H-
VALIDA’s hybrid validation principles improve the reliability, contextual
interpretability, and sustainable development relevance of Al-assisted
surveys under the conditions characteristic of Belize? Subsidiary questions
address the relative severity of different error types across domains, the
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specific mechanisms through which human validation corrects automated
failures, the implications of these findings for the design of national
statistical systems and SDG indicator frameworks, and the conditions under
which the framework’s principles are expected to transfer to other small
developing states and SIDS.

A further subsidiary objective is to contribute to the emerging
methodological literature on the integration of algorithmic systems into
official statistics and development data systems. While the Total Survey
Error paradigm has long provided an organising framework for
understanding coverage, nonresponse, measurement, and processing error,
the introduction of large language models and related Al tools expands the
sources of processing and measurement error in ways that classical quality-
assurance routines are not fully equipped to address. By articulating and
simulating the operation of hybrid validation procedures, the present study
seeks to extend the Total Survey Error framework into the era of algorithmic
mediation.

1.4  Scope and Delimitations

No original primary field data were collected from human
respondents. Evaluation relies on expert-informed heuristic assessment,
comparative analysis, and structured simulation of survey scenarios. Full
national field implementation remains a recommendation for future research.
This delimitation is deliberate: the priority is to articulate and probe a
coherent, operational framework that subsequent empirical studies can test
and refine. Simulation cannot fully reproduce the complexity and
unpredictability of real fieldwork, including respondent fatigue, mistrust,
weather disruptions, political sensitivity, or the dynamic interplay of
interviewer and respondent effects, but it can systematically expose
categories of vulnerability that pure automation is likely to encounter and
that hybrid procedures are designed to mitigate. The study therefore
positions itself as a methodological and conceptual contribution rather than
as a definitive empirical evaluation of any particular commercial Al system.
The simulation design is transparent about its assumptions and limitations so
that subsequent field studies can build upon, test, and refine the framework
under real-world conditions.

The decision to prioritise framework articulation over primary data
collection reflects a considered judgment about the current state of
knowledge. While empirical field trials of Al-assisted survey tools are
urgently needed, such trials are most productive when guided by a clear
conceptual architecture that specifies the categories of error to be monitored,
the validation procedures to be tested, and the criteria by which hybrid and
automated approaches are to be compared. The present study supplies that
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architecture for the Belizean context and, by extension, for analogous small
developing states and SIDS. Subsequent empirical work can then measure
actual error rates, refine procedural protocols, and assess institutional
feasibility under real operational constraints.

A further delimitation concerns the range of Al systems under
consideration. The analysis does not evaluate any specific commercial large
language model, translation engine, or survey platform. Instead, it operates at
the level of generic capabilities and known failure modes documented in the
literature on algorithmic bias, low-resource language processing, and survey
methodology. This choice enhances the longevity of the findings: as
particular models evolve, the principles of continuous human validation,
contextual sampling, algorithmic auditing, source triangulation, open
documentation, and ethical accountability remain applicable.

2. Literature Review and Contextual Foundations
2.1  Survey Challenges in Small Developing States and SIDS

Data systems in small developing states and Small Island Developing
States are frequently constrained by limited public resources, institutional
capacity gaps, geographic dispersion, and digital inequalities (World Bank,
2022; United Nations, 2023). Traditional quality frameworks, such as the
Total Survey Error paradigm (Groves & Lyberg, 2010), assume that analysts
can inspect instruments, sampling frames, and coding protocols with relative
transparency. When large language models generate or classify text, those
assumptions require substantial revision. The literature on survey
methodology has only begun to integrate emerging concerns about opacity
and automation bias systematically, particularly for low-resource and
multilingual settings.

Geographic dispersion in archipelagic or topographically fragmented
territories increases the cost and logistical complexity of face-to-face data
collection. Digital modalities offer partial solutions but introduce new forms
of coverage error when internet access, device ownership, and digital literacy
are unevenly distributed. Institutional capacity constraints limit the ability of
national statistical offices to maintain continuous quality-assurance
processes, train field staff in multiple languages, or conduct extensive pilot
testing. Incomplete civil registration and vital statistics systems further
complicate the construction of reliable sampling frames. Under these
conditions, the introduction of Al tools that promise efficiency gains can be
highly attractive, yet the same conditions make rigorous validation of those
tools more difficult and more necessary.

The Total Survey Error framework remains a valuable organising
structure, but its classical components, coverage error, nonresponse error,
measurement error, and processing error, must be reinterpreted in light of
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algorithmic mediation. Coverage error, for example, is no longer solely a
function of sampling-frame incompleteness; it is also a function of the digital
accessibility of the population and of the linguistic reach of the instrument.
Measurement error is no longer solely a function of question wording and
interviewer effects; it is also a function of translation fidelity, cultural
resonance, and the capacity of coding algorithms to recover policy-relevant
distinctions. Processing error expands to include the opaque transformations
performed by large language models. Hybrid validation procedures are
required precisely because these expanded error sources cannot be
adequately controlled by traditional quality-assurance routines alone.

In the Caribbean and Central American region, these challenges are
compounded by the legacy of colonial administrative systems that often
prioritised extractive data collection over participatory or community-
responsive information systems. Decolonial critiques of official statistics
have highlighted the ways in which categories, classifications, and indicators
can encode external priorities and obscure local meanings. When Al systems
trained on high-resource, majority-language corpora are introduced into such
environments without critical adaptation, they risk amplifying rather than
correcting these historical patterns of epistemic exclusion. The H-VALIDA
framework therefore situates hybrid validation not only as a technical
quality-assurance measure but as a contribution to more equitable and
contextually grounded knowledge production.

Small population size introduces an additional set of methodological
and ethical considerations. In countries of a few hundred thousand people,
detailed geographic and demographic disaggregation can increase the risk of
re-identification even when direct identifiers are removed. Privacy
safeguards that are adequate in large populations may be insufficient in small
ones. Hybrid procedures that include privacy impact assessment and local
knowledge of community structure can help identify and mitigate these risks
in ways that purely automated anonymization routines may miss.

2.2 Linguistic and Cultural Complexity

Language is not merely a technical issue of translation equivalence; it
directly affects meaning, interpretation, trust, response accuracy, and
validity. Automated translation systems may miss idiomatic expressions,
culturally specific meanings, emotional tone, historical context, and locally
embedded concepts (Bender et al.,, 2021; Abebe, 2020). In multilingual
societies, Al systems may struggle to interpret mixed-language responses,
code-switching, or informal speech patterns. Belize’s linguistic landscape
makes these issues especially salient. A questionnaire item that appears
equivalent across languages after machine translation may carry different
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connotations, social desirability pressures, or cultural resonances in each
linguistic community.

Research on low-resource languages and the ‘“stochastic parrot”
critique of large language models (Bender et al., 2021) has highlighted the
risk that models trained predominantly on high-resource languages will
generate fluent but contextually inappropriate or biased outputs when applied
to underrepresented linguistic communities. In the survey context, such
failures can manifest as systematic undercounting of particular barriers (for
example, transportation or trust barriers reported in Creole), flattening of
distinctions between related but distinct Indigenous languages, or
misclassification of informal economic activities that do not map cleanly
onto formal employment categories derived from high-income-country
labour-force surveys. Human bilingual and bicultural review is therefore not
an optional quality-control step but a necessary condition of interpretive
validity.

Code-switching and mixed-language responses present particular
challenges. Respondents in Belize frequently move fluidly between English,
Creole, and Spanish within a single utterance. Automated systems that
assume monolingual input or that apply language identification at the
sentence level may fragment meaning or assign fragments to incorrect
language models. Cultural concepts that lack direct translational equivalents,
such as certain relational obligations, spiritual practices, or community
governance arrangements, are especially vulnerable to distortion. The hybrid
approach insists that local linguistic and cultural expertise remain in the loop
at every stage where meaning is at stake.

The educational domain illustrates these challenges with particular
clarity. Classroom practices, pedagogical concepts, and parental descriptions
of children’s learning experiences are often expressed in language that
blends official terminology with community-specific idioms. Machine
translation that maps all Maya-language references onto a single generic
category, or that fails to recover the affective and cognitive load implied by
Creole descriptions of code-switching between home and school language,
will systematically understate the complexity of multilingual learning
environments. Similar patterns appear in health surveys, where descriptions
of barriers rooted in historical experiences with external programmes, or in
local understandings of illness and care, may be flattened into generic
“attitudinal” or “access” categories. In each case, the recovery of meaning
requires human judgment informed by linguistic and cultural knowledge that
current automated systems do not possess.

Beyond translation fidelity, cultural complexity also shapes response
behaviour, social desirability pressures, and the interpretation of sensitive
topics. Questions about household income, informal economic activity,
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gender relations, or experiences of discrimination may elicit different
patterns of disclosure depending on the linguistic and cultural framing of the
instrument and the identity of the interviewer or the mode of administration.
Hybrid validation procedures that incorporate local expertise at the design,
pilot, and analysis stages can help anticipate and mitigate these effects in
ways that purely automated systems cannot.

2.3  Sustainable Development Goals and Data Systems

The United Nations Sustainable Development Goals constitute a
globally recognised framework for addressing interconnected challenges
related to poverty, inequality, healthcare, education, environmental
sustainability, governance, and institutional resilience (United Nations, 2015,
2023). Reliable data systems are fundamental to monitoring, evaluating, and
achieving these goals. Weak or biased survey systems can undermine SDG
planning; transparent and validated systems can strengthen it. The
relationship between Al-assisted surveys and sustainable development is
therefore both direct and multidimensional. Indicators under SDG 1 (No
Poverty), SDG 3 (Good Health and Well-Being), SDG 4 (Quality
Education), SDG 5 (Gender Equality), SDG 9 (Industry, Innovation and
Infrastructure), SDG 10 (Reduced Inequalities), SDG 13 (Climate Action),
SDG 16 (Peace, Justice and Strong Institutions), and SDG 17 (Partnerships
for the Goals) all depend, to varying degrees, on high-quality survey data
that capture the experiences of rural, Indigenous, multilingual, and digitally
excluded populations.

The 2030 Agenda’s commitment to “leave no one behind” places
particular demands on data systems to ensure representational equity. When
Al-assisted processes systematically underrepresent or misclassify the very
groups most at risk of being left behind, the resulting indicators may create
an illusion of progress while masking persistent or deepening inequalities.
Hybrid validation procedures that explicitly prioritise the inclusion and
accurate interpretation of marginalised voices therefore constitute not merely
a methodological refinement but a contribution to the ethical architecture of
sustainable development governance. Data equity, ensuring that all
communities have a fair chance to be represented in the information systems
that shape policy, emerges as a cross-cutting requirement that links survey
methodology directly to the justice claims of the 2030 Agenda.

In small developing states and SIDS, the informational demands of
SDG monitoring are often disproportionate to available institutional
capacity. Multiple indicator frameworks, reporting cycles, and donor
requirements can strain limited statistical systems. Al tools that promise to
accelerate data processing and reporting are therefore especially appealing,
yet the same capacity constraints that make automation attractive also make
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independent validation more difficult. The H-VALIDA framework addresses
this tension by insisting that efficiency gains from automation be matched by
investment in the human and institutional capacity required for continuous
validation, documentation, and accountability. Without such investment, the
risk is that SDG indicators will become more rapidly produced yet less
reliable and less representative of the populations whose progress they
purport to measure.

The mapping of survey domains to SDG targets is not merely
rhetorical. Public health access surveys inform SDG 3 indicators on health
service coverage and barriers; educational inequality surveys inform SDG 4
indicators on learning outcomes and inclusion; climate adaptation surveys
inform SDG 13 indicators on resilience and adaptive capacity; digital
inclusion surveys inform SDG 9 and related targets on access to technology;
and poverty and livelihood surveys inform SDG 1 and SDG 10 indicators on
multidimensional poverty and inequality. In each case, the quality of the
underlying survey data determines the quality of the indicator and,
ultimately, the quality of the policy response. Hybrid validation is therefore a
contribution to the integrity of the entire SDG information architecture.

2.4 Al Ethics, Human-Centred Al, and Hybrid Intelligence

The broader literature on Al ethics has articulated principles of
fairness, accountability, transparency, and human oversight that are directly
relevant to survey applications (Floridi, 2019; Mittelstadt, 2019; UNESCO,
2021; Jobin et al., 2019; Shneiderman, 2022). Shneiderman’s human-centred
Al framework emphasises the design of systems that amplify human
capabilities rather than replace human judgment (Shneiderman, 2022).
Mittelstadt has cautioned that principles alone cannot guarantee ethical Al
and that concrete governance mechanisms are required (Mittelstadt, 2019).
The UNESCO Recommendation on the Ethics of Artificial Intelligence
underscores the importance of contextual sensitivity, multilingualism, and
the protection of cultural diversity (UNESCO, 2021). Decolonial approaches
to Al further insist that the epistemic assumptions embedded in dominant
training corpora and evaluation benchmarks must themselves be subjected to
critical scrutiny (Mohamed et al., 2020). These contributions converge on a
common insight: the legitimacy of Al systems in high-stakes social domains
depends on continuous human accountability, transparent documentation,
and the capacity to contest and correct algorithmic outputs.

In the survey domain, these ethical requirements translate into
specific operational demands: mandatory human review of Al-generated
classifications and translations; mixed-mode sampling strategies that actively
reach underrepresented populations; bilingual and local expert review for all
major linguistic communities; full documentation of Al tools, versions,
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prompts, and human interventions; and explicit mapping of survey findings
to policy-relevant frameworks such as the SDGs while acknowledging
residual limitations. The H-VALIDA framework operationalises these
demands into a coherent set of principles and procedures tailored to the
conditions of small developing states and multilingual societies. It treats
hybrid intelligence not as a temporary compromise pending full automation,
but as a durable and desirable configuration for high-stakes social
measurement.

Human-centred Al and hybrid intelligence frameworks also
emphasise the importance of designing systems that support, rather than
displace, professional expertise. In the survey context, this means
recognising that field supervisors, bilingual coders, local knowledge holders,
and statistical methodologists possess forms of expertise that cannot be fully
captured by current Al systems. Hybrid workflows that treat these actors as
essential partners rather than residual quality-control steps are more likely to
produce outputs that are both technically sound and contextually legitimate.
The alternative, a progressive substitution of human judgment by algorithmic
processing, risks deskilling institutions and eroding the capacity for
independent critique.

Decolonial perspectives add a further critical layer. They draw
attention to the ways in which dominant Al systems encode the epistemic
priorities, linguistic hierarchies, and classification schemes of high-resource,
majority-language contexts. When such systems are applied without
adaptation to multilingual, postcolonial, and Indigenous settings, they may
reproduce patterns of epistemic injustice under the guise of technical
neutrality. Hybrid validation procedures that centre local linguistic and
cultural expertise, that document the provenance and limitations of
algorithmic tools, and that preserve the capacity for communities to contest
official representations, constitute a practical response to these concerns
within the specific domain of survey research and official statistics.

2.5 Research Gap

Limited practical guidance exists for validating Al-assisted survey
systems under the specific conditions of linguistic diversity, geographic
dispersion, institutional constraint, and data scarcity that characterise Belize
and similar contexts. Existing work on survey quality has only partially
integrated concerns about algorithmic opacity and automation bias. Existing
work on Al ethics has only partially addressed the particular epistemic and
representational challenges of survey research in low-resource, multilingual
settings. Work on decolonial Al and data justice has only partially been
operationalised into concrete survey validation procedures. This article
addresses that gap by applying H-VALIDA’s principles through structured
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simulation and mapping outcomes to sustainable development information
needs. In doing so, it contributes both a domain-specific operational
framework and a set of empirically grounded (via simulation) insights into
the comparative performance of hybrid versus purely automated approaches.
The gap is both theoretical and practical. Theoretically, there is a need for
frameworks that integrate the Total Survey Error paradigm with insights
from Al ethics, human-centred design, and decolonial critique, and that do so
in a form that is operationalisable by national statistical offices and
development agencies with limited specialised capacity. Practically, there is
a need for domain-specific guidance that specifies how hybrid validation
should be calibrated to the different risk profiles of health, education,
climate, digital inclusion, and poverty surveys. The present study addresses
both dimensions of the gap by articulating a coherent set of principles and by
demonstrating, through structured simulation, how those principles can be
applied and what kinds of improvements they can be expected to deliver.

3. Research Methodology
3.1  Case Study Approach

Belize serves as the national case study. The case study approach
enables in-depth examination of a complex, real-world context characterised
by multicultural diversity, multilingual communication, geographic
dispersion, environmental vulnerability, digital inequality, and uneven
statistical infrastructure. Insights generated from the Belize case are
analytically transferable to other small developing states, Caribbean
countries, and SIDS facing analogous constraints. Transferability is
understood in the sense articulated by Lincoln and Guba (Lincoln & Guba,
1985): the degree to which findings can be applied to other contexts depends
on the similarity of relevant conditions and on the thickness of the contextual
description provided. The present study therefore prioritises detailed
characterisation of the Belizean setting and explicit discussion of the
boundary conditions under which the findings are expected to hold.

The case study design is instrumental rather than intrinsic: Belize is
selected not solely for its unique intrinsic interest, but for its capacity to
illuminate a broader class of settings characterised by small population size,
linguistic plurality, geographic fragmentation, climate vulnerability, and
constrained institutional capacity for continuous quality assurance. The
thickness of the contextual description, covering demographic composition,
linguistic landscape, geographic structure, digital infrastructure, and
institutional conditions, is intended to enable readers in other jurisdictions to
assess the degree of similarity and to adapt the framework’s principles
accordingly.
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The choice of a single-country case also permits the depth of domain-
specific simulation that would be difficult to achieve in a multi-country
comparative design at this stage of framework development. By
concentrating analytical resources on five development-relevant domains
within a single national context, the study can examine how risk profiles and
hybrid corrections vary across substantive areas while holding constant the
broader institutional and linguistic environment. Future research can then test
the transferability of the framework through comparative applications in
other SIDS and small developing states.

3.2  The H-VALIDA Framework

H-VALIDA (Hybrid Validation and Auditing for Localized,
Interpretable, Documented, and Accountable Al-Assisted Surveys)
comprises six interlocking principles:

« Continuous human validation of Al-generated outputs at every stage
where meaning, classification, or representation is at stake.

« Contextual and mixed-mode sampling that actively counters digital
and urban bias and reaches rural, Indigenous, coastal, and digitally
excluded populations.

« Algorithmic auditing for known categories of distortion (linguistic,
cultural, representational, and privacy-related).

« Source triangulation across modes, languages, and knowledge
systems, including local and Indigenous knowledge.

» Open documentation of tools, versions, prompts, training data
characteristics (where known), and human interventions sufficient to
support independent audit and contestation.

« Ethical accountability mechanisms that preserve the capacity for
communities, independent experts, and oversight bodies to contest
and correct algorithmic outputs.

These principles are not sequential stages but concurrent
requirements that must be satisfied throughout the survey lifecycle, from
instrument design through data collection, processing, analysis, and
reporting. The framework deliberately avoids dependence on any particular
commercial model or software platform. Rapid technological change means
that specific tools evolve continuously; the framework is therefore designed
at the level of principles and procedures. This design choice enhances
longevity and transferability while requiring implementers to exercise
ongoing judgment about which particular tools and workflows best
instantiate the principles in a given institutional and technological
environment.

The principle of continuous human validation does not imply that
every individual Al output must be manually reviewed. Rather, it requires
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that human expertise remain in the loop at points where meaning,
classification, or representation is at stake, and that the intensity of review be
calibrated to the risk profile of the domain and the stage of the survey
process. High-stakes classifications that directly inform resource allocation
or programme targeting warrant more intensive review than routine data-
cleaning operations. The framework therefore encourages risk-based
allocation of scarce validation capacity rather than uniform mechanical
application of a generic checklist.

Contextual and mixed-mode sampling addresses the coverage and
representational risks that arise when digital modalities are privileged
without regard to differential access. In Belize, digital-only or digital-first
designs systematically underrepresent older residents, rural and cay
communities, and populations with limited device ownership or data
affordability. Hybrid procedures that combine face-to-face, telephone, and
digital modes, and that actively oversample or specifically target
underrepresented groups, are essential for producing estimates that can
support equity-oriented policy.

Algorithmic auditing requires systematic attention to known
categories of distortion. Linguistic auditing examines translation fidelity,
code-switching handling, and the recovery of community-specific meanings.
Cultural auditing examines the appropriateness of classification schemes and
the risk of imposing external categories on local realities. Representational
auditing examines patterns of underrepresentation and misclassification
across demographic and geographic groups. Privacy auditing examines re-
identification risks in small populations and the adequacy of anonymization
procedures. Each form of auditing benefits from local expertise that pure
automation does not possess.

Source triangulation and open documentation support the capacity for
independent critique. When findings can be traced to specific tools, prompts,
human interventions, and alternative knowledge sources, communities and
independent experts are better positioned to contest representations that
mischaracterise  their realities. Ethical accountability —mechanisms
institutionalise this capacity through clear governance arrangements,
channels for contestation, and the preservation of human responsibility for
official statistical outputs.

3.3  Simulation Design
Five simulated survey domains were developed to probe the
comparative performance of hybrid and fully automated approaches:
« Public health access and healthcare barriers (including rural clinic
access, transportation, language, and trust).
« Educational inequality and multilingual learning environments.
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» Climate adaptation, disaster preparedness, and community resilience.
 Digital inclusion and technological access gaps.
« Poverty reduction, informal livelihoods, and social protection needs.

In each domain, simulation logic examined points at which purely
automated processing would be vulnerable to error and points at which
human validation, contextual sampling, and documentation would strengthen
outputs. Simulated responses were constructed to reflect realistic linguistic
variation (English, Belizean Creole, Spanish, and selected Maya-language
references), geographic variation (urban centres, rural villages, coastal and
cay communities, remote inland settlements), and socio-economic variation
(formal employment, informal livelihoods, subsistence activities). Expert-
informed heuristics guided the identification of likely failure modes and the
specification of corrective interventions under hybrid procedures. The
simulations were designed to be transparent about their assumptions so that
subsequent field studies can test the same failure modes under real-world
conditions.

The construction of simulated responses drew on publicly available
secondary descriptions of Belizean demographic, linguistic, and geographic
conditions, as well as on established categories of survey error documented
in the methodological literature. The aim was not to generate statistically
representative samples but to create realistic scenarios that would expose the
comparative performance of hybrid and automated approaches under
conditions characteristic of the Belizean context. Each domain simulation
included multiple response sequences designed to test specific failure modes:
collapse of policy-relevant distinctions, flattening of linguistic variation,
underrepresentation of digitally excluded populations, misclassification of
informal economic activities, and distortion of local environmental
knowledge.

For each failure mode, the simulation specified the form that pure
automation was expected to take and the form of hybrid correction that local
linguistic, cultural, or domain expertise would provide. The comparative
analysis then examined the policy implications of the difference: how would
resource allocation, programme targeting, or indicator construction differ if
the automated output were accepted without hybrid review? This design
allows the study to demonstrate not only that hybrid procedures correct
errors, but that the corrections matter for the quality and equity of the
resulting evidence base.

3.4 Evaluation Criteria

Evaluation focused on the capacity of hybrid procedures to detect and
correct algorithmic distortions, cultural misinterpretations, translation
inaccuracies, false correlations, urban bias, dataset imbalance, and linguistic
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exclusion. Comparative analysis examined expected performance of hybrid
human-Al systems relative to purely automated or insufficiently documented
approaches. Criteria included: recovery of policy-relevant distinctions that
pure automation collapsed; correction of systematic underrepresentation of
climate-vulnerable or digitally excluded populations; accurate classification
of informal economic activities; preservation of distinctions among related
Indigenous languages; documentation transparency sufficient to support
independent audit and contestation; and the capacity of the resulting outputs
to inform actionable, equity-oriented policy design.

These criteria were applied consistently across the five domains
while allowing for domain-specific weighting. In health and education
domains, linguistic and cultural recovery carried greater weight; in climate
and digital inclusion domains, coverage and representational equity carried
greater weight; in poverty and livelihoods domains, the accurate
classification of informal economic activity carried greater weight. Privacy
considerations were relevant across all domains but were particularly salient
wherever detailed geographic and demographic information was collected
from small communities.

The evaluation deliberately prioritised qualitative, mechanism-
oriented assessment over quantitative error-rate estimation. Because the
simulations were constructed rather than drawn from real field data, precise
numerical estimates of error rates would have been artificial. Instead, the
analysis focuses on the systematic character of the differences between
hybrid and automated approaches and on the policy consequences of those
differences. This orientation is consistent with the study’s positioning as a
framework-articulating and hypothesis-generating contribution rather than as
a definitive empirical test of any particular system.

3.5  Limitations of the Simulation Approach

Simulations cannot fully reproduce the complexity and
unpredictability of real fieldwork, including respondent fatigue, mistrust,
weather disruptions, or political sensitivity. Expert-informed heuristic
evaluation depends on the quality of evaluative criteria and on the expertise
of those constructing the scenarios. Rapid technological change means that
specific Al tools evolve continuously; the framework is therefore designed at
the level of principles and procedures rather than dependence on any
particular commercial model. These limitations are acknowledged explicitly
and are addressed by framing the study as a contribution to methodological
architecture rather than as a definitive empirical test of any single system.
Full national field testing remains an essential next step. The simulation
findings should be read as hypothesis-generating and framework-articulating
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rather than as definitive estimates of error rates under any particular
commercial system.

A further limitation concerns the range of failure modes examined.
The simulations focused on linguistic distortion, cultural misclassification,
urban and digital bias, collapse of policy-relevant distinctions, and privacy
risks in small populations. Other potential failure modes, such as adversarial
manipulation of inputs, model drift over time, or the amplification of existing
social inequalities through feedback loops, were not systematically
simulated. Future empirical work should expand the range of failure modes
tested and should examine how hybrid validation procedures perform under
conditions of real operational pressure, including tight reporting deadlines,
limited bilingual capacity, and competing institutional priorities.

Finally, the transferability of the findings depends on the similarity of
relevant conditions in other contexts. Settings that differ substantially in
linguistic structure, institutional capacity, digital infrastructure, or political
openness may require significant adaptation of the framework’s operational
procedures even if the underlying principles remain applicable. The study
therefore encourages careful contextual assessment rather than mechanical
transplantation of protocols developed for the Belizean case.

4. Results and Findings
4.1  Overview of Simulation Outcomes

Structured Al-assisted simulations demonstrated that hybrid
methodologies integrating human expertise with Al-assisted analytical
capabilities  significantly improve survey reliability, contextual
interpretability, methodological transparency, and ethical robustness when
compared to purely automated systems. Human oversight was found to be
indispensable in correcting culturally insensitive categorisations, identifying
hidden biases, validating multilingual interpretations, and strengthening the
legitimacy of analytical outputs. Across all five domains, pure automation
produced outputs that were fluent, internally consistent, and superficially
plausible, yet systematically deficient in ways that would have direct
consequences for policy design and targeting.

The magnitude and character of risks varied by domain. Linguistic
and cultural misinterpretation risks were particularly acute in educational and
health surveys involving open-ended responses. Urban and digital bias risks
were most pronounced in surveys relying heavily on online modes. Privacy
risks were elevated in any survey collecting detailed demographic and
geographic information from small communities. These differentiated risk
profiles underscore the importance of domain-sensitive application of hybrid
validation principles rather than mechanical, uniform procedures.
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A consistent pattern across domains was the tendency of pure
automation to produce outputs that appeared more complete and more
authoritative than the underlying data warranted. Fluency and internal
consistency created an impression of analytical thoroughness that could
discourage further scrutiny. Hybrid procedures interrupted this false
confidence by subjecting Al outputs to structured human review informed by
local knowledge. The resulting corrections were not merely technical
adjustments; they frequently altered the substantive conclusions that would
have been drawn and the policy recommendations that would have followed.

The simulations also revealed that hybrid validation is most effective
when it is integrated throughout the survey lifecycle rather than applied as a
final quality-control step. Interventions at the design and sampling stages,
such as the adoption of mixed-mode strategies and the involvement of
bilingual reviewers in instrument development, prevented certain classes of
error from arising in the first place. Interventions at the coding and analysis
stages recovered distinctions and corrected misclassifications that automated
systems had introduced. Interventions at the documentation and reporting
stages ensured that residual limitations were acknowledged and that the
capacity for independent contestation was preserved.

4.2  Domain-Specific Findings
4.2.1 Public Health Access

Simulated responses describing barriers to clinic attendance were
generated in English, Belizean Creole, and Spanish. Al coding systems
tended to collapse transportation, cost, and trust barriers into generic “access
problems,” losing policy-relevant distinctions. Human validators with
knowledge of rural health systems successfully recovered these distinctions,
improving the actionability of findings for health planning. Linguistic and
cultural misinterpretation risks were particularly acute in this domain.

In one illustrative simulation sequence, respondents describing the
need to “catch a ride” or “wait for the bus that only comes twice a week”
were coded by the automated system under a broad “transportation barrier”
category that also included respondents who simply preferred private
vehicles. The loss of temporal and reliability dimensions of transportation
access is consequential: interventions aimed at increasing vehicle ownership
differ substantially from those aimed at improving the frequency and
reliability of public or community transport. Human reviewers flagged these
distinctions and recommended disaggregated coding. Similarly, expressions
of distrust rooted in historical experiences with external health programmes
were flattened into generic “attitudinal barriers,” obscuring the specific
relational and institutional dimensions that would need to be addressed in
any trust-building initiative. Hybrid review restored these distinctions and
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generated recommendations that were more closely aligned with the actual
constraints reported by rural respondents.

Additional simulation sequences examined the handling of language
barriers and of gendered patterns of healthcare access. Automated systems
frequently coded language-related difficulties under a generic
“communication barrier” category without distinguishing between the
unavailability of services in the respondent’s preferred language, the absence
of interpreters, and the respondent’s own limited proficiency in the official
language of the health system. Human bilingual reviewers recovered these
distinctions and noted that each implies a different remedial strategy.
Gendered patterns, such as the need for female respondents to obtain
permission or accompaniment before seeking care, or the prioritisation of
children’s health over adult women’s health within household resource
allocation, were similarly under-detected by automated coding that lacked
cultural and contextual knowledge. Hybrid validation improved both the
granularity and the equity-relevance of the resulting barrier typology.

The policy implications of these corrections are direct. Health system
planning that relies on collapsed barrier categories may allocate resources
inefficiently, for example, investing in facility upgrades while neglecting
transport reliability, or launching generic awareness campaigns while
neglecting the relational and historical dimensions of trust. Hybrid validation
produces more actionable evidence precisely because it recovers the
distinctions that matter for intervention design.

4.2.2 Educational Inequality

Open-ended  responses  concerning  multilingual  learning
environments revealed systematic underperformance of automated
translation and coding for Maya language references and Creole educational
idioms. Human bilingual review corrected misclassifications and identified
community-specific pedagogical needs that pure automation had obscured.
Machine translation flattened distinctions between different Maya languages,
obscuring community-specific learning needs.

In simulated scenarios involving references to Q’eqchi’ or Mopan
instructional practices, automated systems frequently mapped these onto a
generic “Indigenous language” category or, in some cases, incorrectly
associated them with Spanish-language bilingual programmes. The resulting
loss of granularity would have direct implications for the design of mother-
tongue education initiatives and for the allocation of teacher-training
resources. Creole expressions describing the experience of code-switching
between home language and classroom language were similarly under-
interpreted, leading to an underestimation of the cognitive and affective load
experienced by Creole-dominant learners. Hybrid review restored these
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distinctions and generated more nuanced recommendations for inclusive
pedagogical practice. The findings underscore that linguistic justice in
education data systems requires more than translation equivalence; it
requires the recovery of community-specific pedagogical meanings that
automated systems systematically erase.

Further simulations examined the coding of parental descriptions of
school quality, teacher responsiveness, and barriers to attendance.
Automated systems tended to map diverse expressions of concern onto a
limited set of predefined categories derived from international education
survey instruments. Local idioms describing the relationship between school
and community, the role of traditional knowledge in children’s learning, or
the economic pressures that force older children into work were frequently
forced into residual “other” categories or misclassified under generic “socio-
economic barrier” labels. Human reviewers familiar with Belizean
educational contexts recovered the specificity of these accounts and
generated recommendations that addressed the actual constraints reported by
parents and caregivers.

The implications for SDG 4 monitoring are significant. Indicators of
educational inclusion and learning quality that rest on flattened or
misclassified data will systematically understate the challenges facing
multilingual and Indigenous learners. Hybrid validation improves the
capacity of education data systems to support equity-oriented policy by
ensuring that community-specific pedagogical meanings are preserved rather
than erased.

4.2.3 Climate Adaptation

Simulations of coastal and island community responses demonstrated
that digital-only sampling systematically underrepresented the most climate-
vulnerable populations. Mixed-mode designs incorporating face-to-face and
telephone modes substantially improved coverage. Al-assisted thematic
analysis of adaptation strategies required human validation to correctly
interpret local environmental knowledge. Urban and digital bias risks were
most pronounced in this domain.

Respondents describing traditional knowledge of seasonal patterns,
mangrove protection practices, or community-based early-warning systems
were frequently coded under generic “adaptation behaviour” categories that
failed to distinguish between externally introduced technical solutions and
locally grounded knowledge systems. Human validators with familiarity with
coastal and cay communities recovered these distinctions, which are essential
for the design of adaptation programmes that build on rather than displace
existing community capacities. Digital-only sampling frames systematically
missed older residents and those in more remote cay settlements—precisely

WWWw.esipreprints.org 628



http://www.eujournal.org/

ESI Preprints August 2026

the populations whose knowledge and vulnerability profiles are most critical
for climate resilience planning. The hybrid approach therefore improved both
coverage and interpretive validity in a domain where the stakes of
underrepresentation are existential for the communities concerned.

Additional simulations examined the handling of responses related to
disaster preparedness, evacuation behaviour, and post-disaster recovery.
Automated systems tended to prioritise infrastructural and technical factors
while under-weighting social networks, reciprocal obligations, and local
organisational capacity that human reviewers identified as central to
community resilience. The hybrid approach generated a more balanced and
actionable account of adaptive capacity, one that recognised both the
material constraints facing coastal communities and the social and
knowledge resources upon which effective adaptation depends.

For SDG 13 monitoring and national climate adaptation planning,
these corrections matter. Indicators and programmes that rest on under
representative samples and generic coding of local knowledge will
systematically mischaracterise both wvulnerability and capacity. Hybrid
validation improves the evidence base for climate action by ensuring that the
populations most exposed and the knowledge systems most relevant are
adequately represented and accurately interpreted.

4.2.4 Digital Inclusion

Surveys on technology access revealed the paradox that the
populations most relevant to digital inclusion research are precisely those
least likely to appear in digital sampling frames. Contextual sampling and
mixed-mode collection were essential. Al analysis of barriers to digital
adoption benefited from human review of informal economic and literacy-
related factors.

Automated classification of barriers tended to prioritise
infrastructural and cost factors while under-weighting literacy, language-of-
interface, and trust-related barriers that human reviewers identified as salient
in rural and older populations. The hybrid approach also highlighted the
importance of distinguishing between access to devices, access to affordable
data, digital skills, and meaningful use, distinctions that pure automation
frequently collapsed. These distinctions matter for the design of digital
inclusion programmes: device distribution without concurrent attention to
skills and meaningful use is unlikely to close the gaps that matter for SDG-
related outcomes. Hybrid validation therefore improved both the
representational equity of the sample and the analytical usefulness of the
resulting barrier typology.

Simulations further examined the coding of responses related to the
use of digital technologies for livelihood, education, and civic participation.
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Automated systems often treated “internet access” as a binary condition and
failed to capture gradations of quality, reliability, and affordability that shape
actual use. Human reviewers recovered these gradations and noted that
intermittent, expensive, or low-bandwidth access produces different
constraints and different programme needs than complete absence of access.
The hybrid approach therefore generated a more nuanced evidence base for
digital inclusion policy.

The paradox of digital inclusion research, that those most in need of
inclusion are least likely to appear in digital samples, underscores the
necessity of mixed-mode and contextual sampling strategies. Hybrid
validation that combines appropriate sampling design with careful
interpretation of barrier typologies is essential if digital inclusion surveys are
to support rather than misdirect policy.

4.2.5 Poverty and Informal Livelihoods

Responses describing informal economic activities and social
protection needs were frequently misclassified by Al systems trained on
formal employment categories. Human validators familiar with Belizean
livelihood patterns corrected these classifications, improving the validity of
poverty diagnostics and the targeting of social protection interventions.

Activities such as small-scale fishing, market vending, subsistence
agriculture, remittance-supported household economies, and multi-activity
livelihood strategies were often forced into residual “other” or “unemployed”
categories by automated classifiers. The resulting underestimation of
productive activity and the mischaracterisation of wvulnerability profiles
would have direct consequences for the targeting of social protection and
livelihood-support programmes. Hybrid review restored a more accurate
picture of the diversity and resilience of informal livelihood strategies and
generated more appropriate recommendations for programme design. The
findings illustrate a broader point: classification schemes trained on formal
labour-market categories systematically misrepresent the economic lives of
populations whose livelihoods are organised differently. Hybrid validation is
required to prevent such misrepresentation from becoming the basis of
policy.

Additional simulations examined the coding of responses related to
seasonal variation in livelihood activity, the role of social networks in
buffering economic shocks, and the interaction between formal social
protection programmes and informal support systems. Automated systems
frequently treated employment status as a stable individual attribute and
failed to capture the fluid, multi-activity, and seasonally varying character of
many Belizean livelihoods. Human reviewers recovered this fluidity and
generated recommendations that recognised the need for social protection
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instruments capable of responding to seasonal and multi-activity realities
rather than assuming stable formal employment.

For SDG 1 and SDG 10 monitoring, the accurate representation of
informal livelihoods is foundational. Poverty diagnostics and inequality
measures that rest on misclassified economic activity will systematically
distort the evidence base for social protection and livelihood-support policy.
Hybrid validation improves the integrity of that evidence base by ensuring
that local livelihood patterns are accurately classified rather than forced into
residual categories derived from high-income-country labour-force surveys.
4.3  Comparative Summary of Error Types and Hybrid Corrections
Table 1 summarises the principal error types observed under pure
automation and the corresponding corrections achieved under hybrid
validation across the five domains. The table is illustrative rather than
exhaustive; it is intended to highlight the systematic character of the
differences rather than to provide precise quantitative estimates of error

rates.
Table 1: Principal error types under pure automation and hybrid corrections (simulation
summary)

Domain Dominant automated error Hybrid correction Policy implication of
correction

Public health | Collapse of barrier types Disaggregated coding by More targeted health
(transport, cost, trust) barrier type and language | access interventions

Education Flattening of Maya language Bilingual recovery of | Improved design of
distinctions; under-  community-specific mother-tongue and
interpretation of Creole idioms | pedagogical needs inclusive education

Climate Digital ~ under-coverage  of Mixed-mode  sampling; Better targeting of

adaptation vulnerable populations; generic ' recovery of local | climate resilience
coding of local knowledge knowledge categories programmes

Digital Sampling bias against non- Contextual —mixed-mode More effective digital

inclusion digital populations; collapsed K sampling; disaggregated inclusion programme
barrier typology barrier analysis design

Poverty /  Misclassification of informal =Local-knowledge- Improved targeting of

livelihoods | activities into residual ' informed reclassification | social protection
categories of livelihood strategies

The comparative summary underscores several cross-cutting patterns.
First, pure automation consistently produced fluent and internally consistent
outputs that nevertheless collapsed policy-relevant distinctions. Second,
hybrid validation recovered those distinctions through the application of
local linguistic, cultural, and domain knowledge. Third, the policy
implications of the corrections were in every case oriented toward more
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targeted, more equity-sensitive, and more contextually appropriate
interventions. These patterns support the central claim of the study: that
hybrid methodologies significantly outperform purely automated systems
under the conditions characteristic of Belize and analogous settings.

4.4  Differentiated Risk Profiles

The magnitude of risks varies by domain. Linguistic and cultural
misinterpretation risks were particularly acute in educational and health
surveys involving open-ended responses. Urban and digital bias risks were
most pronounced in surveys relying heavily on online modes. Privacy risks
were elevated in any survey collecting detailed demographic and geographic
information from small communities, where the combination of small
population size and high geographic specificity can increase the risk of re-
identification even when direct identifiers are removed. These differentiated
risk profiles underscore the importance of domain-sensitive application of
hybrid validation principles rather than mechanical, uniform procedures. A
one-size-fits-all validation checklist is insufficient; the relative weight given
to linguistic review, mixed-mode sampling, privacy safeguards, and local
knowledge validation must be calibrated to the specific demands of each
domain.

The differentiation of risk profiles has practical implications for the
allocation of scarce validation capacity. In settings where bilingual reviewers
and local knowledge experts are limited in number, risk-based prioritisation
can help ensure that the most consequential failure modes receive the most
intensive scrutiny. Health and education surveys involving open-ended
responses in multiple languages warrant intensive linguistic and cultural
review. Climate and digital inclusion surveys warrant intensive attention to
sampling design and coverage. Poverty and livelihoods surveys warrant
intensive attention to the classification of informal economic activity.
Privacy safeguards warrant attention across all domains but are especially
critical when small-area estimates or detailed demographic disaggregation
are contemplated.

Differentiated risk profiles also have implications for the design of
training and capacity-building programmes. Generic Al literacy training is
necessary but not sufficient; domain-specific training that equips validators
to recognise the particular failure modes characteristic of health, education,
climate, digital inclusion, and poverty surveys will improve the effectiveness
of hybrid procedures. The H-VALIDA framework therefore encourages not
only the adoption of hybrid workflows but the development of domain-
calibrated expertise within national statistical offices and partner institutions.
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45  Contribution to the Sustainable Development Goals

A major finding is the operational integration of the United Nations
Sustainable Development Goals into the methodological architecture of Al-
assisted surveys. H-VALIDA contributes directly to multiple SDGs:

« SDG 3 (Good Health and Well-Being): improved health diagnostics
and public health survey reliability through recovery of policy-
relevant barrier distinctions.

+ SDG 4 (Quality Education): enhanced educational assessment and
inclusive data representation through accurate interpretation of
multilingual learning environments.

« SDG 5 (Gender Equality): reduction of representational bias and
exclusion, particularly where gender intersects with language, rural
residence, and digital access.

+ SDG 9 (Industry, Innovation, and Infrastructure): promotion of
responsible digital innovation and adaptive technological governance
in survey systems.

« SDG 10 (Reduced Inequalities): inclusion of marginalised, rural,
multilingual, and digitally excluded populations in the data systems
that shape policy.

+ SDG 13 (Climate Action): improved climate resilience diagnostics
and localised environmental data collection that incorporates local
and Indigenous knowledge.

« SDG 16 (Peace, Justice, and Strong Institutions): transparency,
auditability, and ethical accountability in the production of official
statistics and development indicators.

« SDG 17 (Partnerships for the Goals): interdisciplinary and
participatory approaches to Al governance and methodological
collaboration.

By embedding SDG considerations into survey design, sampling,
analysis, and reporting, the framework ensures that methodological choices
remain aligned with the information needs of sustainable development
governance. The mapping is not merely rhetorical; each domain-specific
finding has direct implications for the quality and equity of the indicators
used to monitor progress toward the corresponding goals.

The contribution to SDG 16 and SDG 17 deserves particular
emphasis. Transparency, auditability, and the capacity for contestation are
not merely technical virtues; they are institutional and democratic
requirements for the legitimacy of official statistics. Hybrid validation
procedures that document tools, prompts, and human interventions, and that
preserve channels for communities and independent experts to challenge
algorithmic outputs, strengthen the institutional foundations of evidence-
based governance. Partnerships that bring together national statistical offices,
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universities, community organisations, and regional bodies around shared
principles of hybrid validation can further amplify these contributions.

5. Discussion
5.1 Interpreting the Findings

The application of H-VALIDA principles to Belize confirms that
hybrid methodologies improve reliability and legitimacy under conditions of
data scarcity, linguistic diversity, and institutional constraint. Models trained
predominantly on data from other contexts may misinterpret Creole
expressions, Garifuna cultural references, Maya community structures, rural
livelihoods, informal economic activities, and local environmental
knowledge. Human validation is therefore a condition of methodological
validity rather than an optional quality-control step.

The fluency and internal consistency of purely automated outputs
create a particular danger: decision-makers may place unwarranted
confidence in results that appear scientifically authoritative yet
systematically distort the realities they purport to represent. Hybrid
procedures interrupt this false confidence by subjecting Al outputs to
structured human scrutiny informed by local knowledge. The simulations
demonstrate that such scrutiny consistently recovers distinctions and corrects
misclassifications that pure automation misses. The findings align with
broader critiques of automation bias and of the epistemic limitations of
models trained on high-resource, majority-language corpora (Bender et al.,
2021; Sambasivan et al., 2021; Birhane, 2021).

The differentiated risk profiles across domains further demonstrate
that the value of hybrid validation is not uniform. In domains where open-
ended responses in multiple languages are central, linguistic and cultural
recovery is the primary contribution of hybrid procedures. In domains where
coverage of digitally excluded and geographically remote populations is the
central challenge, mixed-mode sampling and representational auditing are
the primary contributions. In domains where classification schemes derived
from high-income-country labour markets systematically misrepresent local
economic organisation, local-knowledge-informed reclassification is the
primary contribution. A generic validation checklist that does not calibrate
intensity and focus to domain-specific risks will underperform relative to a
risk-sensitive application of the H-VALIDA principles.

The findings also speak to the theoretical relationship between human
and machine components in high-stakes social measurement. Rather than a
progressive substitution of human judgment by algorithmic processing, the
simulations support a conception of necessary complementarity. Under
conditions of linguistic diversity, cultural specificity, and data scarcity,
neither pure automation nor pure manual processing is optimal. Hybrid
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configurations that allocate tasks according to the comparative strengths of
human and machine components, speed and volume processing to the
machine, meaning recovery and contextual judgment to the human, produce
superior results. This complementarity is not a temporary stage pending full
automation; it is a durable and desirable configuration for the production of
official statistics and development indicators.

5.2 Implications for Belize and Similar Contexts

Survey methodologies must be culturally responsive, linguistically
adaptable, geographically inclusive, and institutionally feasible. Digital
transformation must account for unequal internet access, digital literacy
gaps, affordability, rural infrastructure, language accessibility, and trust in
digital systems. The framework is transferable to other small developing
states, Caribbean nations, Small Island Developing States, Indigenous
regions, multilingual societies, and climate-vulnerable countries facing
similar challenges. Transferability is analytical rather than mechanical:
principles must be adapted to local conditions rather than applied as a rigid
template.

For national statistical offices and development agencies in Belize,
the practical implication is that investment in Al-assisted survey tools should
be accompanied by parallel investment in human validation capacity,
bilingual reviewers, local knowledge experts, mixed-mode field capacity,
and documentation systems. Efficiency gains from automation are real, but
they are sustainable only when the quality and legitimacy of outputs are
protected by hybrid oversight. Institutional capacity-building in Al literacy,
multilingual validation, and data ethics is therefore a necessary complement
to technological investment.

The institutional implications extend beyond technical capacity.
Hybrid validation requires organisational arrangements that protect the time
and authority of human reviewers, that document interventions in ways that
support independent audit, and that preserve channels for communities and
independent experts to contest official representations. These arrangements
may require changes to existing workflows, reporting timelines, and
accountability structures. The short-term costs of such changes should be
weighed against the longer-term costs of decisions based on systematically
distorted data. For regional and international partners, the implications
include the need to support capacity-building in hybrid validation rather than
solely in the deployment of automated tools. Technical assistance
programmes that introduce Al-assisted survey platforms without concurrent
investment in the human and institutional capacity required for continuous
validation risk amplifying rather than reducing the representational and
interpretive challenges facing small developing states and SIDS.
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5.3 Implications for Sustainable Development

Reliable data systems are foundational for sustainable development.
Improved survey quality strengthens the evidence base for poverty reduction,
health planning, education reform, gender equality, climate adaptation,
environmental protection, digital inclusion, institutional accountability, and
partnerships. Data equity, ensuring that all communities have a fair chance to
be represented in the information systems that shape policy, emerges as a
cross-cutting implication. When Al-assisted processes systematically
underrepresent or misclassify the groups most at risk of being left behind, the
resulting indicators may create an illusion of progress while masking
persistent inequalities. Hybrid validation is therefore not only a
methodological requirement but a contribution to the ethical architecture of
the 2030 Agenda.

The relationship between survey quality and sustainable development
outcomes is mediated by the use of data in policy design, resource allocation,
and programme targeting. High-quality, equity-sensitive survey data improve
the likelihood that interventions will reach the populations most in need and
will address the constraints that actually shape their lives. Low-quality or
systematically biased data increase the risk that interventions will be poorly
targeted, that resources will be wasted, and that inequalities will be
reinforced rather than reduced. Hybrid validation contributes to sustainable
development by improving the quality and equity of the informational inputs
to policy.

The contribution to data equity is particularly significant in the
context of the 2030 Agenda’s commitment to leave no one behind. Groups
that are already marginalised, rural and Indigenous communities, speakers of
minority languages, digitally excluded populations, informal workers, are
precisely those most at risk of underrepresentation or misclassification in Al-
assisted survey systems trained on high-resource, majority-language corpora.
Hybrid procedures that actively prioritise the inclusion and accurate
interpretation of these groups’ experiences constitute a practical
operationalisation of the leave-no-one-behind principle within the domain of
official statistics and development indicators.

54 Risks of Invalidated Approaches

If Al-assisted surveys are implemented without hybrid validation,
vulnerable groups may be excluded; Al outputs may be biased; policy
decisions may rely on inaccurate data; public trust may decline; SDG
monitoring may become unreliable; communities may be misrepresented;
privacy may be compromised; and institutional accountability may weaken.
In health survey scenarios, invalidated Al coding systematically
undercounted transportation barriers reported in Creole. In education
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scenarios, machine translation flattened distinctions between Maya
languages. In climate scenarios, digital-only sampling underrepresented
coastal and island populations most exposed to sea-level rise. Each of these
failures would have direct consequences for the design and targeting of
interventions.

The cumulative risk is not merely technical but political and ethical.
Decisions based on systematically distorted data can reinforce the very
inequalities that sustainable development seeks to reduce. Public trust in
official statistics and in the institutions that produce them can erode when
communities recognise that their realities are being misrepresented. The H-
VALIDA framework is offered as a practical pathway for mitigating these
risks while still capturing the genuine efficiency and analytical gains that Al
tools can provide.

A further risk of invalidated approaches concerns the progressive
deskilling of institutions. If human validation capacity is allowed to atrophy
under the assumption that automation will eventually render it unnecessary,
national statistical offices and partner institutions may lose the expertise
required to detect and correct algorithmic failures. Hybrid validation that
treats human expertise as a durable and essential component of the survey
system helps protect against this form of institutional erosion.

Privacy risks in small populations deserve particular attention. The
combination of small population size, detailed geographic disaggregation,
and rich demographic information can increase the risk of re-identification
even when direct identifiers are removed. Automated anonymization routines
developed for large populations may be insufficient in small developing
states and SIDS. Hybrid procedures that incorporate local knowledge of
community structure and that conduct privacy impact assessments calibrated
to small-population conditions can help identify and mitigate these risks.

55  Theoretical Contribution

Beyond its practical recommendations, the study contributes to the
theoretical understanding of hybrid intelligence in high-stakes social
measurement. It demonstrates that the relationship between human and
machine components is not one of progressive substitution but of necessary
complementarity under conditions of linguistic diversity, cultural specificity,
and data scarcity. The findings support a conception of survey quality that
expands the classical Total Survey Error framework to incorporate
algorithmic mediation as a distinct and consequential source of error, one
that cannot be controlled by traditional quality-assurance routines alone.
They also illustrate the operationalisation of decolonial and human-centred
Al principles into concrete validation procedures for a domain, official
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statistics and development indicators, where the stakes of representational
justice are particularly high.

The expansion of the Total Survey Error framework to incorporate
algorithmic mediation has several theoretical implications. First, it requires
that processing error be reconceptualised to include the opaque
transformations performed by large language models and related Al systems.
Second, it requires that measurement error be reconceptualised to include
translation fidelity, cultural resonance, and the capacity of coding algorithms
to recover policy-relevant distinctions. Third, it requires that coverage error
be reconceptualised to include the digital accessibility of the population and
the linguistic reach of the instrument. Hybrid validation procedures are the
operational response to these expanded error sources.

The operationalisation of decolonial and human-centred Al principles
into concrete survey validation procedures contributes to the emerging
literature on data justice and epistemic justice in official statistics. By
insisting on continuous human validation informed by local linguistic and
cultural expertise, on open documentation that supports independent
contestation, and on ethical accountability mechanisms that preserve
community capacity to challenge official representations, the H-VALIDA
framework offers a practical pathway for addressing epistemic injustice
within the specific domain of survey research and development data systems.

Conclusions

This article concludes that the responsible application of artificial
intelligence to survey research in Belize and similar contexts requires
continuous human validation, contextual sampling, algorithmic auditing,
source triangulation, open documentation, and ethical accountability. Hybrid
methodologies significantly outperform purely automated systems in
reliability, contextual interpretability, and policy relevance. The integration
of Sustainable Development Goal considerations into methodological
architecture transforms the survey from a purely technical instrument into a
component of the broader architecture of evidence-based development
policy.

The simulation evidence, while necessarily limited in its capacity to
reproduce the full complexity of real fieldwork, systematically exposes
categories of error that pure automation is prone to generate and that hybrid
procedures are designed to correct. The differentiated risk profiles across
domains further demonstrate that validation intensity and focus must be
calibrated to the specific epistemic and representational demands of each
survey domain. Uniform, mechanical application of a generic checklist is
insufficient. The future of evidence-based sustainable development in Belize
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and beyond depends not on how rapidly societies automate, but on how
wisely they govern the production of knowledge.

The study’s primary contribution is therefore both methodological
and normative. Methodologically, it articulates and probes an operational
framework for hybrid validation of Al-assisted surveys under the conditions
characteristic of small developing states and SIDS. Normatively, it argues
that the legitimacy of Al systems in high-stakes social measurement depends
on continuous human accountability, transparent documentation, and the
capacity for communities and independent experts to contest and correct
algorithmic outputs. These dual contributions are intended to support both
the practical improvement of survey systems and the broader project of
equitable, evidence-based sustainable development governance.

Recommendations for Practice in Belize
Government agencies, universities, NGOs, and development organisations
are recommended to:

« Adopt hybrid human-Al workflows with mandatory human review of
Al-generated classifications and translations.

« Implement mixed-mode sampling strategies that actively reach rural,
Indigenous, Garifuna, coastal, and digitally excluded populations.

« Require bilingual and local expert review for all major linguistic
communities represented in the sample.

« Document all Al tools, versions, prompts, and human interventions in
a manner that supports independent audit.

« Map survey findings to relevant SDGs while acknowledging cross-
cutting relationships and residual limitations.

« Build institutional capacity in Al literacy, multilingual validation, and
data ethics through sustained training and organisational learning.

« Establish clear accountability mechanisms that preserve the capacity
for communities and independent experts to contest and correct
official statistical outputs.

These recommendations are interdependent. Hybrid workflows
without mixed-mode sampling will still produce under representative
samples. Mixed-mode sampling without bilingual review will still produce
interpretive distortions. Documentation without accountability mechanisms
will not ensure that contestation is possible in practice. Capacity-building
without organisational arrangements that protect the time and authority of
human reviewers will not sustain hybrid validation over repeated survey
cycles. Effective implementation therefore requires coordinated attention to
technical, linguistic, organisational, and governance dimensions.

Prioritisation may be necessary in resource-constrained settings.
Risk-based allocation of validation capacity, intensifying linguistic and
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cultural review in health and education surveys, intensifying coverage and
representational auditing in climate and digital inclusion surveys,
intensifying classification review in poverty and livelihoods surveys, can
help maximise the impact of limited human expertise. Pilot applications of
hybrid procedures in selected domains can generate operational learning that
informs subsequent scaling.

Recommendations for Future Research
Future research should:

» Conduct full national field testing of H-VALIDA across all districts
and diverse communities of Belize.

» Develop longitudinal validation studies that track the performance of
hybrid procedures over repeated survey cycles.

» Create Belize-specific operational protocols and sector-specific
models for health, education, climate, digital inclusion, and poverty
surveys.

« Expand research on multilingual Al survey validation and ethically
governed local language datasets.

» Integrate Indigenous data governance principles into the design and
oversight of Al-assisted survey systems.

e Conduct community-based validation studies that involve
respondents and local knowledge holders as active participants in the
evaluation of Al outputs.

» Test transferability of the framework in other small developing states,
Caribbean countries, and SIDS, with careful attention to local
adaptation.

Field testing should examine not only the comparative performance
of hybrid and automated approaches under real-world conditions but also the
institutional feasibility of sustaining hybrid validation over repeated survey
cycles. Questions of cost, timeline, organisational culture, and the
availability of bilingual and local knowledge expertise will be critical.
Longitudinal studies can examine whether hybrid procedures improve over
time as institutional learning accumulates, and whether automation bias
declines as decision-makers gain experience with the limitations of purely
automated outputs.

Research on local language datasets raises important ethical and
governance questions. The creation of training data for low-resource
languages can improve the performance of automated systems, yet it also
raises questions of consent, ownership, benefit-sharing, and the risk of
extractive data practices. Integration of Indigenous data governance
principles, including principles of collective ownership, free prior and
informed consent, and community control over the use of data, into the
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design of such datasets is essential if the benefits of improved automation are
to be realised without reproducing patterns of epistemic extraction.

Comparative applications in other SIDS and small developing states
will test the boundary conditions of the framework and will generate insights
into the forms of adaptation required under different linguistic, institutional,
and geographic conditions. Such comparative work should prioritise thick
contextual description and explicit discussion of transferability conditions
rather than mechanical application of protocols developed for the Belizean
case.

Final Reflection

In developing societies characterised by informational scarcity and
sociocultural diversity, the legitimacy of Al systems depends upon
transparency, participation, contextual sensitivity, and ethical accountability.
H-VALIDA offers a practical pathway toward collaborative intelligence in
which  human judgment and computational assistance operate in
complementary and accountable ways. The future of evidence-based
sustainable development in Belize and beyond depends not on how rapidly
societies automate, but on how wisely they govern the production of
knowledge. The present study has sought to contribute to that governance by
articulating a coherent, operational framework and by demonstrating,
through structured simulation, the concrete improvements that hybrid
validation can deliver under the conditions characteristic of a small
developing state.

The broader aspiration is that the principles of continuous human
validation, contextual sampling, algorithmic auditing, source triangulation,
open documentation, and ethical accountability will inform not only the
design of survey systems in Belize and analogous settings, but the wider
project of ensuring that artificial intelligence serves, rather than undermines,
the informational requirements of equitable and sustainable development.
That project requires ongoing collaboration among researchers, practitioners,
communities, and policymakers. It also requires a willingness to treat human
judgment not as a residual cost to be minimised, but as a constitutive element
of methodological validity and democratic legitimacy in the production of
official knowledge.
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