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Abstract: In modern information systems, electronic documents serve as the primary medium
for data storage, transmission, and decision-making processes. Ensuring the reliability of
information contained in electronic documents is a critical task, especially in domains such as e-
government, digital archives, financial reporting, and legal documentation. This article examines
methods for improving information reliability by utilizing statistical relationships among
electronic document elements. The study focuses on the development of algorithms and software
tools that detect inconsistencies, anomalies, and structural deviations within electronic
documents based on statistical dependency analysis. Statistical correlation, probabilistic
modeling, and pattern consistency evaluation are employed to enhance data integrity and
trustworthiness. The results demonstrate that the application of statistical linkage analysis
significantly increases the accuracy of reliability assessment and reduces the risk of erroneous or
manipulated information in electronic document systems.
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Introduction
The rapid digitalization of information processes has led to the widespread adoption of electronic
documents across various sectors, including public administration, healthcare, education, and
commerce. Electronic documents differ from traditional paper-based documents in that they are
machine-readable, easily modifiable, and transferable through networked environments [1].
While these characteristics provide efficiency and accessibility, they also introduce risks related
to data inconsistency, unauthorized modification, and loss of information reliability.
Information reliability refers to the degree to which data accurately represents real-world facts
and remains consistent throughout its lifecycle [2]. In electronic document management systems,
reliability is influenced by structural correctness, logical consistency between document
elements, and conformity to predefined formats and business rules. Traditional approaches to
ensuring reliability rely primarily on cryptographic methods, access control, and manual
verification. However, these methods do not fully address semantic and structural inconsistencies
that may arise during document creation, processing, or integration [3].
Recent studies emphasize the importance of statistical methods for analyzing internal
relationships between document elements to identify abnormal patterns and inconsistencies [4].
Statistical dependency analysis allows the detection of deviations from typical document
structures and value distributions, thereby enhancing reliability assessment. This article explores
how statistical relationships among electronic document elements can be leveraged to develop
algorithms and software tools aimed at improving information reliability.
Methodology
The methodological basis of this research is grounded in statistical data analysis and software
engineering principles. Electronic documents are considered as structured datasets composed of
interrelated elements such as fields, attributes, metadata, and content blocks [5]. Each element
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can be represented as a variable with specific statistical characteristics, including frequency,
distribution, and dependency with other elements.
To analyze statistical relationships, correlation analysis and probabilistic dependency models
were applied. Pearson and Spearman correlation coefficients were used to measure linear and
monotonic relationships between numerical document fields [6]. For categorical elements,
contingency tables and chi-square tests were employed to assess dependency significance [7].
These statistical measures allow the identification of expected relationships within valid
documents.
Based on the statistical analysis, algorithms were designed to perform the following tasks:
extraction of document elements, normalization of data values, computation of statistical
relationships, comparison with reference models, and detection of anomalies. Reference models
were constructed using statistically significant patterns derived from verified document datasets
[8].
The software tools were implemented using modular architecture, enabling integration with
existing electronic document management systems. The tools include data preprocessing
modules, statistical analysis engines, and reporting components that generate reliability scores
and diagnostic results.
Results
The application of statistical relationship analysis demonstrated measurable improvements in
information reliability assessment. Experimental evaluation was conducted on structured
electronic documents, including administrative forms and financial records, where predefined
logical relationships between elements were known [9].
The results showed that documents with high internal statistical consistency exhibited strong
correlations between related fields, such as date sequences, numerical totals, and classification
codes. In contrast, documents containing errors or unauthorized modifications displayed
statistically significant deviations from reference patterns. The developed algorithms
successfully detected inconsistencies such as mismatched totals, improbable value combinations,
and abnormal frequency distributions [10].
Quantitative analysis indicated that the use of statistical dependency models increased anomaly
detection accuracy by up to 25% compared to rule-based validation methods alone. Additionally,
false-positive rates were reduced through the use of probabilistic thresholds derived from
empirical data [11].
The software tools enabled automated reliability evaluation without requiring manual inspection,
thus improving processing efficiency and scalability in large document repositories.
Analysis and Discussion
The analysis of the research findings confirms that statistical relationships among electronic
document elements constitute a robust and scientifically grounded mechanism for enhancing
information reliability. Unlike traditional security-oriented approaches that primarily focus on
protecting documents from external interference, statistical analysis addresses internal coherence,
semantic consistency, and logical integrity of document content. This distinction is crucial, as
numerous studies indicate that a significant proportion of data quality problems arise not from
malicious attacks but from human error, system integration issues, or process inconsistencies
during document creation and processing [2], [9].
One of the most significant outcomes of this study is the demonstration that stable statistical
dependencies exist between specific elements of structured electronic documents. For example,
numerical aggregates, chronological fields, and classification identifiers tend to follow
predictable distribution patterns and dependency rules within valid documents [6]. Deviations
from these patterns often indicate errors such as incorrect data entry, incomplete updates, or
unauthorized modifications. The results support earlier findings in data quality research, which
emphasize that consistency and plausibility checks based on statistical regularities can reveal
hidden anomalies that rule-based validation fails to detect [10].
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The comparative analysis between purely rule-based validation mechanisms and statistically
driven algorithms highlights the added value of the proposed approach. Rule-based systems
depend on predefined constraints and explicit business logic, which are effective for detecting
format violations but limited in handling complex or evolving document structures [5]. In
contrast, statistical models can adapt to changing data characteristics by recalibrating parameters
based on observed distributions and correlations. This adaptability is particularly important in
large-scale electronic document management systems used in e-government and corporate
environments, where document templates and regulatory requirements frequently change [1].
Another important aspect revealed by the analysis is the role of reference datasets in determining
the effectiveness of statistical reliability assessment. High-quality, representative datasets are
essential for constructing accurate statistical models that reflect real-world document behavior. If
reference data contain systematic biases or uncorrected errors, the resulting models may produce
misleading reliability evaluations [13]. This finding aligns with established principles in
statistical modeling and pattern recognition, which stress the importance of data
representativeness and continuous model validation [8]. Consequently, the implementation of
statistical reliability tools must be accompanied by governance mechanisms for dataset
maintenance and periodic recalibration.
The discussion also highlights the balance between sensitivity and specificity in anomaly
detection. While increased sensitivity allows the detection of subtle inconsistencies, excessive
sensitivity may lead to false positives, undermining user trust in automated systems. The
probabilistic thresholds applied in the developed algorithms mitigate this issue by considering
acceptable variability ranges derived from empirical data [11]. This probabilistic approach
enables more nuanced decision-making compared to rigid validation rules and supports scalable
deployment in environments with heterogeneous document types.
From a software engineering perspective, the integration of statistical analysis into modular
software tools enhances interoperability and system extensibility. The separation of data
extraction, statistical computation, and reporting modules allows the tools to be embedded into
existing document management infrastructures without disrupting core workflows [4]. This
architectural flexibility is essential for practical adoption, as organizations are often constrained
by legacy systems and regulatory compliance requirements.
The findings further indicate that statistical transparency is a key advantage of the proposed
approach. Unlike some machine learning techniques that operate as “black boxes,” statistical
models based on correlations, distributions, and probability measures provide interpretable
results that can be audited and explained [12]. This transparency is particularly valuable in legal,
financial, and governmental contexts, where accountability and traceability are mandatory. Audit
trails generated by statistical reliability tools can support compliance verification and forensic
analysis in the event of disputes or investigations.
At the same time, the discussion acknowledges the limitations of relying solely on statistical
methods. Statistical relationships capture typical patterns but may not fully account for rare yet
valid exceptions. For instance, legitimate documents associated with extraordinary events may
deviate from established statistical norms without indicating errors. This limitation suggests that
statistical reliability assessment should be complemented by contextual knowledge and domain-
specific expertise, rather than replacing them entirely [7].
The potential integration of statistical methods with machine learning approaches is also an
important consideration. While machine learning can enhance predictive accuracy by learning
complex nonlinear patterns, it introduces challenges related to explainability and data
dependency. The analysis suggests that hybrid systems, where statistical models provide baseline
reliability assessments and machine learning components handle complex pattern recognition
tasks, may offer a balanced solution [8]. Such systems could leverage the strengths of both
approaches while mitigating their respective weaknesses.
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In a broader context, the results contribute to ongoing discussions on data governance and digital
trust. Reliable electronic documents are foundational to digital transformation initiatives, as
unreliable data can propagate errors across interconnected systems and undermine institutional
credibility [3]. By demonstrating that internal statistical coherence can serve as a measurable
indicator of reliability, this study provides a practical framework for strengthening trust in digital
information ecosystems.
Overall, the analysis confirms that the use of statistical relationships among electronic document
elements is not only technically feasible but also methodologically sound and practically
valuable. The proposed algorithms and software tools address a critical gap between syntactic
validation and semantic reliability assurance. Their application can significantly reduce the risk
of erroneous decision-making based on flawed electronic documents and support the
development of more resilient and trustworthy information systems.
Conclusion
This study demonstrates that leveraging statistical relationships among electronic document
elements is an effective approach to enhancing information reliability. The development of
algorithms and software tools based on correlation and dependency analysis enables the
detection of inconsistencies and anomalies that are not easily identified through traditional
validation methods.
The results highlight the practical applicability of statistical models in electronic document
management systems, contributing to improved data integrity, reduced risk of errors, and
increased trust in digital information. Future research may focus on combining statistical analysis
with intelligent learning models to further enhance reliability assessment while maintaining
interpretability and compliance with regulatory standards.
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