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Abstract. This paper presents Valide, an augmented intelligence infrastructure
developed to support the technical evaluation of digital textbooks in the Pro-
grama Nacional do Livro Diddtico — PNLD. The platform integrates determinis-
tic, Al-based, and hybrid validators with human review, traceable evidence, and
institutional governance. The empirical analysis reported in this paper focu-
ses exclusively on deterministic validators used in two official PNLD evaluation
cycles encompassing 1,706 digital volumes. Results showed confirmation rates
above 95% for the findings generated by these validators after human review.
The findings provide evidence about the operational behavior of deterministic
automation within the broader augmented intelligence infrastructure implemen-
ted by Valide, but do not evaluate the performance of its Al-based or hybrid
validators.

1. Introduction

The digital transformation of education has expanded the use of interactive digital textbo-
oks in public educational programs, driven by education modernization policies and the
growing demand for accessible educational resources [UNESCO 2021]. In this context,
digital books have assumed a strategic role in teaching and learning processes, expan-
ding pedagogical possibilities, accessibility, and educational personalization, especially
within digital learning ecosystems [Ozbay and Ugurelli 2023, Larson 2010]. However,
the increasing technical complexity of these materials also introduces challenges related
to regulatory compliance, digital accessibility, and quality assurance, particularly when
evaluation occurs at scale [Paiva et al. 2025, Sobrinho et al. 2023].

In public programs for the acquisition and distribution of educational resources,
the technical evaluation of these works constitutes a critical stage to ensure the quality,
accessibility, and pedagogical usability of the educational resources distributed to public
schools [Marques et al. 2023]. Traditionally, these processes are conducted through pre-
dominantly manual analyses, supported by fragmented and weakly integrated verification
procedures. However, the increasing volume of submitted works and the growing com-
plexity of evaluation criteria progressively make it difficult to sustain essentially human-
centered workflows without compromising consistency, traceability, and reliability of re-
sults.
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In response to this scenario, different approaches based on automation and Al
have been applied to the validation of digital educational content [Sobrinho et al. 2023,
Tenorio et al. 2025]. Despite advances achieved in automating specific technical verifi-
cations, challenges remain regarding the operationalization of these approaches in large-
scale regulatory environments, especially concerning transparency, auditability, and struc-
tured integration with human decision-making processes [Wirtz et al. 2019].

Although the literature presents tools and models focused on technical validation
and digital accessibility, there are still few systematic descriptions of how to architect and
govern automated validation mechanisms that simultaneously integrate auditable requi-
rements, rule-level traceability, and institutional human supervision. Furthermore, empi-
rical evidence derived from continuous institutional operations capable of analyzing the
stability, reliability, and behavior of automation under simultaneous increases in scale and
regulatory complexity remains scarce.

Beyond technical and regulatory challenges, failures in digital textbooks may di-
rectly impact the educational experience of students and teachers. Structural problems,
lack of accessibility resources, navigation inconsistencies, and compliance errors may
compromise usability, content comprehension, and equitable access to digital educational
resources, especially in large-scale public education contexts.

In this context, the augmented intelligence paradigm emerges as a particularly
suitable approach for educational regulatory environments. In contrast to strategies orien-
ted toward full automation, augmented intelligence emphasizes complementarity between
human and computational capabilities, using Artificial Intelligence (Al) as a mechanism
to support human judgment [Yang et al. 2021]. This perspective is especially relevant in
scenarios where traceability, auditability, and institutional accountability constitute cen-
tral requirements of the evaluation process.

The Programa Nacional do Livro Diddtico - PNLD (Brazilian National Textbook
Program), one of the largest public textbook acquisition programs in the world, provides
a relevant empirical context for examining these challenges. In recent years, the program
has incorporated interactive digital textbooks and rigorous accessibility requirements, sig-
nificantly increasing the technical complexity of evaluations [Marques et al. 2023]. This
scenario highlights the need for solutions capable of supporting the technical quality, ac-
cessibility, and reliability of digital educational resources distributed at scale, ensuring
better conditions of use for students, teachers, and public education systems. This article
presents Valide, an augmented intelligence infrastructure developed to support the tech-
nical evaluation of digital textbooks in the context of the PNLD. The system integrates
deterministic, Al-based, and hybrid validators with human review, traceable evidence,
and institutional governance. Technical and regulatory requirements are operationali-
zed through modular automated validators, designed as atomic verification units capable
of producing traceable evidence associated with the evaluated rules. Their execution is
controlled by versioned presets specific to different objects and stages of the evaluation
process.

Beyond the technical architecture, this work proposes an adaptive governance mo-
del for automation, in which human validation is maintained as a central element of the
decision-making process. The model establishes criteria for submitting findings to hu-
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man review and defines conditions for the controlled transition between higher and lower
automation regimes, preserving traceability, auditability, and institutional accountability.

The investigation is guided by the following research question: How can an aug-
mented intelligence infrastructure support auditable and scalable regulatory valida-
tion of digital textbooks while preserving human decision-making authority?

To answer this question, Valide is analyzed as an empirical case implemented
within a real public policy context. The analysis considers two complete official evalua-
tion cycles and is restricted to deterministic validators based on explicit rules. Although
Al-based and hybrid validators are part of the platform, their performance is outside the
scope of this study. The goal is to examine the confirmation rates of automated findings
across different requirement types and identify situations in which human review remains
essential.

The main contributions of this work are:

* (i) Artifact/Design: a modular architecture for large-scale regulatory validation
based on versioned atomic validators, with evidence and logs per rule, enabling
reproducibility and auditability;

* (ii) Method/Governance: an adaptive automation governance model that explici-
tly separates automated detection from institutional decision-making, integrating
human validation and evidence-based automation;

* (iii) Evidence/Operation: empirical evidence from two official PNLD Digital
evaluation cycles, characterizing the confirmation rates of findings generated by
deterministic validators in a large-scale supervised workflow.

Unlike previous studies focused on isolated technical validation tools, this work
investigates the operationalization of augmented intelligence in a real large-scale educa-
tional regulatory environment under continuous institutional governance. Its contribution
lies primarily in the orchestration, traceability, and governance of heterogeneous valida-
tion mechanisms rather than in evaluating the performance of Al algorithms. Although
the study is grounded in the PNLD context, the architectural, governance, and operational
principles presented are potentially applicable to other digital educational ecosystems that
require technical evaluation, accessibility, traceability, and human supervision.

2. Context

The PNLD is one of the main Brazilian public policies aimed at the acquisi-
tion and distribution of textbooks and pedagogical materials for public education
[Zambon and Terrazzan 2013]. The Ministério da Educacdo - MEC (Ministry of Edu-
cation) defines the program guidelines and supervises the pedagogical evaluation, while
the National Fundo Nacional de Desenvolvimento da Educac¢do - FNDE (Fund for Edu-
cational Development) coordinates operational execution, including technical, regulatory,
and logistical verifications.

The PNLD cycle involves interdependent stages that begin with the publication of
the call for proposals and end with the distribution of the works to schools. As illustrated
in Figure 1, this process may last approximately two years, involving multiple institutional
actors, publishers, and evaluation teams.
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Figura 1. PNLD cycle and main institutional stages.

During the cycle, the FNDE conducts verifications intended to ensure the confor-
mity of the works with the technical and regulatory requirements established in the call
for proposals, including structural, editorial, and digital accessibility attributes. These
analyses involve hundreds of works and multiple technical criteria, requiring processes
capable of operating with consistency, traceability, and scalability.

Historically, these verifications have predominantly depended on specialized hu-
man work. Although essential, this model presents challenges related to scale, operational
overload, variability among evaluators, and deadline pressure. Strategies based solely on
expanding teams or adding multiple layers of review tend to increase costs and operational
complexity.

In this context, augmented intelligence approaches emerge as an alternative to
support the evaluation process. In this paradigm, computational mechanisms perform re-
petitive and formalizable technical verifications, while human judgment remains respon-
sible for contextual interpretation and institutional decision-making [Xu and Gao 2025].
The goal is to increase consistency, coverage, and traceability without replacing human
supervision.

Valide operates in this context as a governable automated validation infrastructure
developed to support PNLD stages that require systematic technical inspections and the
production of traceable evidence. As illustrated in Figure 1, the system is mainly used
during the stages of submission validation of the works (Stage 2), analysis of editorial
attributes (Stage 5), and analysis of accessibility attributes (Stage 6), supporting the veri-
fication of technical and regulatory compliance of the works submitted to the program.

3. Related Work

Related work is situated at the intersection of technical validation of digital publicati-
ons, accessibility, and assisted automation in educational regulatory contexts. Among
the main tools used are EPUBCheck, aimed at the structural validation of EPUB fi-
les, and ACE by DAISY, focused on automated accessibility verification based on
WCAG standards [DAISY Consortium 2024b, DAISY Consortium 2024a]. Solutions
such as AChecker [Gay and Li 2010], SortSite [Abduganiev 2017], and Total Validator
[Padure and Pribeanu 2020] are also widely used.

Although these tools perform relevant technical verifications, the literature high-
lights limitations of full automation in requirements that depend on contextual in-
terpretation and human supervision [Vigo et al. 2013, Alsaeedi 2020]. In this scena-
rio, augmented intelligence approaches have been considered more suitable for regu-
latory environments that require traceability, auditability, and institutional governance
[Yang et al. 2021, Wirtz et al. 2019].
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Tabela 1. Comparison between validation tools and the Valide ecosystem

Criterion EPUBCheck ACE AChecker SortSite Total Validator Valide
EPUB structural validation v
Automated accessibility checks
Formalizable-rule validation
Context-dependent human review
PNLD requirement mapping
Versioning by PNLD object or stage
Evidence recording

Rule-level metrics and history
Institutional review workflow

Batch execution

v’ = supported; — = not identified as a primary feature.

N N N

N N N I NN
I T T NG N N B NG N |
N N I N R NN |
U N I T N N |
AN N NN

Table 1 shows that established tools are mainly focused on specific structural or
digital accessibility verifications. EPUBCheck, ACE, AChecker, SortSite, and Total Va-
lidator are included solely as comparative references and are not used as components
of Valide. The technical contribution of Valide comprises a distinct modular architecture
based on atomic validators, versioned presets, rule-level evidence, and institutional gover-
nance, integrating automated validation with supervised human decision-making in conti-
nuous large-scale operation. Previous PNLD studies described specific validation, triage,
or digital-transformation initiatives, whereas this article systematizes the architecture and
governance model implemented in Valide and evaluates its deterministic validation layer
across two complete official cycles.

4. The Valide System

This section presents Valide, an augmented intelligence infrastructure developed to sup-
port the large-scale technical evaluation of digital textbooks in the context of the PNLD.
The system integrates automated validation, human supervision, and institutional gover-
nance mechanisms focused on traceability, auditability, and regulatory control of the eva-
luation process. The conceptual foundations of the system, its validation model, operati-
onal architecture, and governance mechanisms that support its large-scale execution are
also described.

4.1. Foundations and Validation Model

Technical evaluation is performed through automated validators, which constitute the fun-
damental units of the system. Each validator represents an atomic unit associated with a
specific technical or regulatory requirement, responsible for verifying structural, tech-
nical, and digital accessibility criteria. Validators are version-controlled and linked to
standardized messages and technical evidence generated during execution, ensuring tra-
ceability and longitudinal auditability.

Before validator execution, the system uses pre-validators to detect critical struc-
tural integrity failures, such as missing essential files or inconsistencies that would make
subsequent stages unfeasible. This mechanism reduces error propagation and increases
processing efficiency.

The conceptual model of Valide is based on four principles: (i) human centra-
lity, (i1) modularity, (iii) auditability, and (iv) continuous evolution. Human centrality
defines the system as support for institutional decision-making, with analysts responsi-
ble for validating or discarding findings whenever the requirement demands contextual
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interpretation. Modularity organizes validators as independent components, facilitating
maintenance and regulatory adaptation. Auditability associates each validation with ex-
plicit rules, controlled versions, and verifiable evidence. Finally, continuous evolution
enables the incremental refinement of validators based on operational results.

Valide supports three validation strategies: (i) deterministic validators, based ex-
clusively on explicit rules; (ii) Al-based validators, used in verifications dependent on
computational inference; and (iii) hybrid validators, which combine both approaches.
Adaptive automation governance is guided by operational evidence. Validators with sta-
ble behavior and high confirmation rates may evolve toward higher automation regimes,
while requirements dependent on contextual interpretation remain subject to mandatory
human validation. This model enables the gradual expansion of automation without com-
promising traceability, auditability, and institutional control.

4.2. Architecture and Operational Governance

The architecture of Valide was designed to support large-scale technical evaluations, prio-
ritizing reliability, auditability, governance, and human supervision. The system organizes
the validation process into independent modules responsible for automated execution of
verifications, human analysis of findings, evidence production, and control of the regula-
tory workflow.
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Figura 2. Conceptual architecture of Valide integrating automated validation, hu-
man supervision, and regulatory governance.

Figure 2 presents a conceptual overview of the system architecture. The work-
flow is organized into stages of automated validation, human validation, and institutional
consolidation of decisions, integrated through governance mechanisms, Quality Assu-
rance (QA), and production of traceable evidence. The validation workflow begins with
the receipt of digital works submitted by publishers. Subsequently, automated validators
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perform structural, technical, and digital accessibility verifications based on the presets
configured for each object and stage of the evaluation process.

From an architectural perspective, Valide is organized into independent modules
for structural pre-validation, validator execution, evidence persistence, human review, and
governance. Pre-validators identify blocking failures before the remaining checks are
executed, while the validation layer distributes independent validators across processing
units according to the active preset. The infrastructure maintains persistent records of
findings, evidence, execution logs, validator and preset versions, processing duration, and
human-review outcomes. These records support monitoring, QA, reproducibility, and
longitudinal analysis across evaluation cycles.

Presets constitute the main governance mechanism for the regulatory scope, ex-
plicitly defining which validators must be executed in each context. These configurations
are versioned and recorded at the execution level, enabling reproducibility, comparison
across cycles, and controlled adaptation to regulatory changes. As illustrated in Figure 2,
the findings produced by automated validators are forwarded for human validation and
subsequently consolidated into institutional decisions. The process is supported by con-
tinuous QA mechanisms, monitoring, evidence storage, and incremental refinement of
validators.

Auditability is operationalized at the rule level. Each finding is associated with the
corresponding regulatory requirement and recorded with minimum verifiable evidence,
including identification of the affected file, problem location, and version of the executed
validator. In addition, the system maintains institutional execution history, validator-level
metrics, and QA records, enabling longitudinal tracking and review of results.

Table 2 summarizes the mapping between design requirements, implemented me-
chanisms, and evidence produced by the system.

Tabela 2. Traceability between design requirements, Valide mechanisms, and
evidence produced in operation

Req. Requirement Mechanism Evidence/artifact
R1 Rule-level auditability =~ Atomic validators with execution re- Reports and logs with validator ID
corded by rule and version and version
R2 Regulatory traceability =~ Messages linked to the regulatory Regulatory identifier, description,
item with problem description and technical justification
R3 Minimum  verifiable Minimum record for human inspec- File name/path and relevant
evidence tion of the finding line/segment
R4 Regulatory scope go- Versioned presets by object and stage  Preset ID/version and change history
vernance
RS Operational scalability =~ Modular execution and distributed Execution, duration, and processing
validation processing records of analyses
R6 Robustness against ini- Pre-validators for structural blocking Records of critical failures and pipe-
tial failures line blocking
R7 Human centrality and QA and human validation with se- Confirmed/non-confirmed classifica-
accountability paration between detection and deci- tion
sion
R8 Reproducible continu- Code versioning and execution-level ~Commit/build references in logs and

ous evolution

recording

reports
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5. Methods

This study adopts an artifact-centered Design Science Research perspective
[Hevner et al. 2008] and conducts a longitudinal observational evaluation of Valide
based on its application in two complete official PNLD cycles: PNLD 2023 — Object 1
and PNLD 2024 — Object 1. Valide constitutes the designed artifact, while its architec-
ture and governance mechanisms represent the proposed design contribution, and the
retrospective analysis of institutional operation provides the empirical evaluation.

The evaluated objects correspond to digital collections composed of Student Bo-
oks and Teacher Manuals, covering the curricular components of Portuguese Language,
Mathematics, Science, History, and Geography.

In the PNLD 2023 — Object 1 cycle, 982 digital volumes from 111 collections
submitted by 18 publishers were evaluated. In the PNLD 2024 — Object 1 cycle, 724
volumes organized into 90 collections, also originating from 18 publishers, were evalu-
ated. Altogether, the study covers 1,706 digital volumes corresponding to the totality of
works submitted to the technical evaluation stages of the respective cycles, without partial
sampling.

5.1. Experimental Procedure and Unit of Analysis

Traditional manual evaluation was conducted by teams of human analysts following
PNLD institutional procedures. In the PNLD 2023 cycle, 116 analysts participated, and in
PNLD 2024, 91 analysts participated. In both cycles, the volumes underwent independent
double-checking to increase consistency and reliability of results.

The same set of works was subsequently processed by Valide. Although the plat-
form includes deterministic, Al-based, and hybrid validators, the analyzed dataset con-
tains only findings generated by deterministic validators based on explicit PNLD rules
and technical specifications. Therefore, the reported confirmation rates characterize only
the deterministic validation layer.

The automatically generated findings are not treated as final decisions. Each oc-
currence is submitted to human validation performed by technology analysts responsible
for confirming or discarding the findings according to the current regulatory criteria. In
PNLD 2023, 49 technology analysts participated, and in PNLD 2024, 45 analysts partici-
pated.

The basic unit of analysis adopted in this study is the individual technical finding,
defined as a potential nonconformity identified in a specific volume during technical eva-
luation. Because manual evaluation consolidates related nonconformities, its records are
not directly comparable to the occurrence-level findings generated by Valide.

After human validation, the findings were classified as: (i) confirmed failure, when
the finding effectively corresponds to a nonconformity; and (ii) non-confirmed failure,
when the finding is discarded after human analysis.

5.2. Metrics and Analytical Strategy

The main metric used in this study is the finding confirmation rate, defined as:
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Nconfirmed

o))

Con firmationRate =
Nconf’irmed + Nnonfconfirmed

This metric represents the proportion of automated findings confirmed after hu-
man review in a real regulatory context, indicating the degree of confirmation of the ge-
nerated findings. It does not allow the estimation of false negatives, recall, or coverage of
existing nonconformities.

The analysis focused on the longitudinal comparison between the two evaluated
cycles, considering: (i) total volume of generated findings; (ii) proportion of confirmed
and non-confirmed failures; (iii) distribution of findings by requirement category; and (iv)
individual behavior of validators.

The investigation was guided by three analytical expectations: (i) strictly formal
requirements would tend to present high agreement between automation and human va-
lidation; (ii) context-dependent requirements would present a greater need for human
review; and (iii) confirmation rates would remain consistent despite changes in scale and
in the number of validators.

6. Results

This section presents the results of the deterministic validators analyzed in the PNLD 2023
— Object 1 and PNLD 2024 — Object 1 cycles. The analysis considers the findings gene-
rated by deterministic validators, their subsequent human validation, and the relationship
of these results with the consolidated outcomes of the traditional manual evaluation.

Table 3 summarizes the results of the two evaluated cycles. In PNLD 2023 —
Object 1, the analyzed configuration included 43 deterministic validators and generated
48,967 technical findings, of which 47,307 were confirmed after human validation, re-
sulting in a global confirmation rate of 96.6%. In PNLD 2024 — Object 1, the analyzed
configuration included 52 deterministic validators, with 82,334 generated findings, 78,419
confirmed findings, and a global confirmation rate of 95.2%.

Tabela 3. Comparative summary of supervised deterministic validation results

Indicator PNLD 2023 — Object 1  PNLD 2024 — Object 1
Evaluated volumes 982 724
Evaluated collections 111 90
Participating publishers 18 18
Active validators 43 52
Generated technical findings 48,967 82,334
Confirmed findings 47,307 78,419
Non-confirmed findings 1,660 3,915
Global confirmation rate 96.6% 95.2%
Global non-confirmation rate 3.4% 4.8%

Several validators associated with strictly formal and structural requirements achi-
eved 100% confirmation rates in both cycles. Among them are validators related to the
structural integrity of the digital package, absence of mandatory files, manifest confor-
mity, presence of mandatory metadata, and correct declaration of the HTMLS standard,
such as validators aell, ael3c, ae20d, ae23a, ae24c, and ae24d. These results
indicate high confirmability of findings generated for objective and deterministically for-
malizable requirements.
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On the other hand, some validators presented lower confirmation rates, especially
those associated with requirements more dependent on technical, editorial, or structural
context. In the PNLD 2023 cycle, the validators ac2a (59.1%), related to the identifica-
tion of single-item lists, and ae19d (27.3%), related to cover image dimensions, stood
out. In the PNLD 2024 cycle, lower rates were also observed in validators related to
the structural coherence of links and internal references, such as ac7c (82.4%) and ae3
(87.5%).

Within the adaptive governance model adopted in Valide, these cases indicate the
need for validator refinement. Validators with reduced confirmation rates return to cycles
of technical review and adjustment of the implemented rules, involving analysis of false
positives, refinement of detection conditions, and reevaluation of operational behavior
in subsequent cycles. This process enables incremental evolution of validators without
compromising traceability, auditability, or human supervision.

Across the two evaluated cycles, the global confirmation rates remained above
95% despite changes in the number of validators and generated findings. The variation of
less than two percentage points provides preliminary evidence of consistency under the
analyzed conditions, but additional cycles are needed to assess longitudinal stability.

Because manual evaluation consolidates related nonconformities while Valide re-
cords individual occurrences, their absolute numbers are not directly comparable. Fin-
dings generated by Valide include location markers and technical evidence for each oc-
currence.

This granularity supports targeted corrections and directs human review to specific
occurrences, although the reduction in manual effort was not measured. Furthermore,
validators that accumulate consistent operational evidence across multiple cycles may
evolve toward higher automation regimes, while more context-dependent requirements
remain subject to mandatory human validation.

Considering both cycles together, the results indicate confirmation rates above
95% 1in a large-scale regulatory context with high technical heterogeneity. The analysis
suggests that strictly formal requirements tend to produce findings with higher confir-
mation rates, while context-dependent requirements continue to demand more intensive
human supervision.

7. Discussion

This section discusses the contributions of Valide to the large-scale regulatory validation
of digital educational resources and analyzes the methodological limitations and threats
to the validity of the study.

7.1. Contributions to Digital Education, Accessibility, and Regulatory Governance

The results show that automated validators can support large-scale technical evaluation
while maintaining human review and traceability. However, gains in time, productivity,
cost, or human effort were not measured. The operational experience with Valide indi-
cates that automated validation can be structured as an auditable and human-supervised
process even in scenarios characterized by high editorial heterogeneity and large evalua-
tion volumes.
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Confirmation rates above 95% in both cycles indicate high confirmability of the
findings generated by the analyzed deterministic validators. This result is consistent
with the explicit separation between automated execution and final institutional decision-
making, preserving human authority over regulatory interpretations, contextual excepti-
ons, and the consolidation of results.

The model adopted by Valide assumes that the level of human validation may vary
according to operational evidence. Strictly technical validators with stable behavior and
high confirmation rates may gradually evolve toward higher automation regimes. In con-
trast, requirements dependent on contextual interpretation remain subject to mandatory
human validation.

The similar confirmation rates observed in the PNLD 2023 and PNLD 2024 cy-
cles provide preliminary evidence of consistency under the analyzed conditions. Howe-
ver, confirming the system’s stability and robustness requires evaluation across additional
cycles.

The occurrence-level granularity of Valide supports the localization of structu-
ral failures, accessibility problems, and regulatory inconsistencies and the production of
traceable evidence, but prevents direct comparison with the aggregated records of the
manual workflow. The findings also provide analysts and publishers with more precise
information for review and corrections. However, the corresponding time and staffing
requirements were not quantified.

Valide should not be interpreted as a replacement for specialized tools such as
EPUBCheck or ACE, nor does this study demonstrate superior detection accuracy. While
these tools focus on specific structural or accessibility standards, Valide integrates vali-
dation mechanisms with regulatory versioning, rule-level evidence, human review, QA,
and institutional governance. Its main distinction therefore lies in the orchestration of
validation within an auditable regulatory workflow.

From the perspective of Al in Education, Valide illustrates how an augmented
intelligence infrastructure can combine deterministic, Al-based, and hybrid validation
mechanisms with human review and institutional governance to support large-scale digi-
tal educational ecosystems. The empirical evidence reported in this study concerns the
deterministic validation layer, while the specific evaluation of Al-based and hybrid com-
ponents remains future work. Unlike approaches focused exclusively on full automation,
Valide adopts human-centered Al principles, in which these mechanisms support human
institutional judgment. This approach aligns with contemporary principles of trustworthy
Al and algorithmic governance, including transparency, auditability, human oversight,
and institutional accountability [Yang et al. 2021, Wirtz et al. 2019].

By identifying structural, technical, and accessibility problems, Valide may indi-
rectly support the quality of the digital educational resources used by students and tea-
chers in the PNLD. The systematic identification of structural failures, navigation pro-
blems, technical inconsistencies, and accessibility barriers can support usability, readabi-
lity, and equitable access to digital educational resources. In particular, automated veri-
fication of accessibility requirements supports the early detection of problems that may
compromise access to pedagogical content for students with disabilities. Thus, the sys-
tem operates not only as a regulatory compliance mechanism, but also as an infrastructure
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supporting quality, inclusion, and accessibility in large-scale digital education.

In the context of educational public policies, systems such as Valide become par-
ticularly relevant due to the continuous growth in the volume, technical diversity, and
regulatory complexity of digital educational resources. The production of traceable evi-
dence and the systematic identification of failures can support national digital education
programs that require accessibility, technical compliance, and institutional transparency.

7.2. Threats to Validity

This study presents limitations that should be considered when interpreting the results.
Regarding internal validity, no controlled experiment compared manual and Valide-
supported workflows under equivalent conditions. Therefore, differences in execution
time, productivity, cost, or human effort were not measured, limiting causal claims about
the system’s impact. In addition, the confirmation rate does not account for undetected
nonconformities. Future work will estimate recall and coverage through independently
annotated samples or mappings between manual and automated findings at the work-and-
requirement level.

Regarding external validity, the results are associated with the institutional context
of PNLD Digital, which has specific regulatory characteristics. The empirical dataset is
restricted to deterministic validators and therefore does not characterize the performance
of the Al-based or hybrid validators implemented in Valide.

8. Conclusion and Future Work

This article presented Valide, an augmented intelligence infrastructure developed to sup-
port the large-scale regulatory validation of digital textbooks through the integration of
modular automation, institutional governance, and supervised human validation.

The empirical analysis of two official PNLD Digital cycles indicated confirmation
rates above 95%, showing that deterministic validators can support large-scale technical
inspection within a traceable and human-supervised workflow.

Although developed in the context of the PNLD, the proposed principles, such as
auditable validators, production of verifiable evidence, and separation between automated
detection and institutional decision-making, have potential applicability in other scenarios
involving regulatory evaluation of digital artifacts. The work also contributes to the debate
on trustworthy Al and human-centered Al in Education, demonstrating the potential of
augmented intelligence infrastructures to support complex digital educational ecosystems.

As future work, controlled experimental studies comparing manual and automa-
ted workflows are intended, as well as expansion of the analysis to hybrid and Al-based
validators for requirements that are more dependent on contextual interpretation.
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