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Abstract. This study investigates a supervised Retrieval-Augmented Generation (RAG) pipeline for automatic misinformation classification in Brazilian Portuguese. The approach combines semantic retrieval with dense embeddings to enrich inputs prior to traditional machine-learning classification based on TF–IDF and a linear classifier. We evaluate on the largest publicly available Brazilian Portuguese fake-news corpus consolidated by the authors and compare against strong classical baselines from the literature. Results show that a TF–IDF + linear classifier baseline outperforms the supervised RAG variant across Accuracy, Balanced Accuracy, Macro/Weighted Precision-Recall-F1, and ROC–AUC on this dataset; RAG increases majority-class recall but degrades minority-class recall, indicating sensitivity to retrieval quality and class imbalance. While supervised RAG provides competitive performance, its gains over traditional approaches may be limited when the dataset is balanced and linguistically homogeneous. A detailed error analysis is presented, and the potential of supervised RAG in more challenging and low-resource scenarios is discussed.
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Introduction
The proliferation of fake news on social media and digital platforms is a global phenomenon with significant impacts, affecting democratic processes, public opinion, and public health [1], [2]. The viral nature of disinformation, combined with recommendation algorithms that prioritize engagement, enables the rapid spread of misleading content before fact-checking can occur [3]. In Brazil, this situation is exacerbated by the high penetration of social networks and instant messaging applications such as WhatsApp, which have become primary sources of news consumption [4]. This dynamic creates a fragmented information ecosystem in which traditional fact-checking mechanisms cannot operate at the necessary speed to contain the impact of false information.
Historically, automatic fake news detection has relied on Natural Language Processing (NLP) techniques and supervised learning, using representations such as Bag-of-Words, TF–IDF, and embeddings derived from pre-trained models, including BERT variants adapted to Portuguese [4], [5]. While these methods achieve good results in controlled scenarios, their generalization capacity is limited, especially when exposed to subtle linguistic style changes or new thematic domains. Recent studies highlight the potential of Large Language Models (LLMs) to overcome some of these limitations by capturing deeper semantic relationships and providing greater robustness to textual variations [1], [6]. However, these models are also susceptible to systematic errors and adversarial content, and they require substantial amounts of training data in low-resource languages such as Portuguese [2], [7].
In this context, the Retrieval-Augmented Generation (RAG) technique emerges as a promising approach. RAG combines semantic search mechanisms with natural language generation, allowing a model to retrieve relevant documents from a knowledge base before generating or classifying a response [8]. The retrieval phase, typically implemented with vector search engines such as FAISS or similar systems, selects text passages that are semantically close to the user input; the model then uses this factual context to guide classification or generation, mitigating hallucinations and increasing accuracy [1], [3], [8], [9]. Studies such as [7] show that, in fake news detection, integrating RAG increases robustness against deceptive texts that mimic the structure of legitimate news. Furthermore, multimodal approaches integrating RAG with both text and images have shown additional gains, especially in complex cases.
Several recent studies have investigated LLMs and RAG in different contexts and languages. [1], [7] found that low-resource languages experience significant performance drops, reinforcing the need for strategies adapted to Portuguese. In Brazil, although there are efforts to build corpora and apply supervised methods, such as the use of SVM and TF–IDF for binary fake news classification [10], there are still no systematic investigations into the combined use of LLMs and RAG in this language. The dataset used in this work, for example, was already explored in a previous study [10] with a purely supervised SVM-based approach, achieving satisfactory results; this raises the hypothesis that RAG, although promising, may have a limited impact depending on the scenario.
This study seeks to fill this gap by implementing and evaluating a Brazilian Portuguese fake news classification pipeline based on RAG, using semantic embeddings for context retrieval and a supervised classifier for final decision-making. We compare the performance of this approach with prior results based solely on SVM, investigating whether the addition of semantic retrieval can offer meaningful gains in performance and robustness. In addition to empirically contributing to the debate on the role of RAG in disinformation detection in low-resource languages, this work broadens the understanding of the practical applicability of this technique in the Brazilian context, providing insights for future implementations in automated monitoring and fact-checking systems. Nevertheless, when datasets are linguistically homogeneous and class imbalance is present, the benefits of retrieval may be offset by noise in the enriched context, which can hurt minority-class recall.
Experiments
Given the scarcity of modern Retrieval-Augmented Generation (RAG) approaches applied to fake news classification in Portuguese, we based our work on the unified dataset proposed by [11], which consolidates multiple sources of news articles with binary labels (true or fake). In the original study, this dataset was classified using a Support Vector Machine (SVM), without incorporating contextual retrieval. In this work, we investigate the integration of a RAG-based framework to enrich the classification process through semantic context retrieval. We evaluate RAG against a strong linear baseline to isolate the marginal contribution of retrieval under identical data and evaluation protocols.
RAG, as defined by [8], is a hybrid architecture that combines two main stages: a retrieval component, responsible for selecting relevant documents from a knowledge base, and a generation or downstream task component, which uses both the original query and the retrieved information to produce a final output. In this study, the generative component is replaced with a discriminative classifier, adapting RAG for supervised text classification. To prevent information leakage, retrieval uses only the training split as the memory bank, both during training (self-enrichment with self-exclusion) and inference (test-time retrieval).
We performed a single stratified split of 70% for training and 30% for testing, reused across all variants to ensure a fair, like-for-like comparison. The training set was used both to fit the classifier and to serve as the semantic memory for retrieval; the test set was used exclusively for evaluation. This protocol guarantees that all models share the exact same test set, eliminating discrepancies in test size across variants.
We used paraphrase-multilingual-mpnet-base-v2 (Sentence-Transformers) to obtain dense, L2-normalized embeddings; dot-product equals cosine under normalization. This model was executed on a GPU (CUDA) to accelerate the embedding process. The embeddings, representing high-dimensional semantic information, enabled similarity computation through the dot product, which, given prior L2 normalization, is equivalent to cosine similarity. This choice follows the reviewer’s suggestion to consider multilingual/Portuguese-oriented embeddings.
For each text in the test set, its embedding was compared against all training embeddings to retrieve the three most semantically similar texts (top-k retrieval). The retrieved content was concatenated with the original text, creating an enriched text representation. During training, each sample was enriched with its TOP-K neighbors from the training set while explicitly excluding the sample itself to avoid trivial memorization.
The enriched corpus was vectorized using TF–IDF (Term Frequency–Inverse Document Frequency) with a maximum of 5,000 features, balancing descriptive capacity and computational efficiency. These TF–IDF vectors served as input to a {SVM → Logistic Regression} classifier with up to 1,000 iterations and L2 regularization, mapping feature representations to binary labels. We prefer Logistic Regression over linear SVM in this study to obtain well-defined probabilistic outputs required by ROC–AUC while keeping capacity comparable to a linear margin-based model.
During inference, each test text was processed through the retrieval and enrichment pipeline before classification. This ensured that the classifier leveraged both the direct content of input and contextual information retrieved from the training set, aligning with the RAG paradigm while maintaining a fully supervised classification workflow. All hyperparameters (TOP-K = 3, max_features = 5,000) were fixed across variants to ensure comparability. The following figure presents a flowchart summarizing all steps of the proposed methodology (Figure 1).
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Figure 1. Overview of the Retrieval-Augmented Generation (RAG) pipeline used in this work
Results and discussions
The comparison between the baseline TF-IDF + Logistic Regression (no RAG) and the RAG variant (embeddings + top-K + TF-IDF + Logistic Regression) developed in this study reveals clear performance differences. Both approaches were trained and evaluated under the same dataset and preprocessing conditions, using the exact same 30% test split to ensure a like-for-like comparison. Table 1 reports global and detailed metrics for both models, while Figure 2 shows the corresponding confusion matrices, illustrating the distribution of correct and incorrect predictions across the TRUE and FAKE labels.





Table 1A — Global metrics on the same test set (n = 9,214)

	Model
	Accuracy
	Balanced Accuracy
	Macro F1
	Macro ROC–AUC

	TF-IDF + LR (no RAG)
	0.904
	0.882
	0.888
	0.960

	RAG + TF-IDF + LR (paraphrase-multilingual-mpnet-base-v2)
	0.853
	0.796
	0.816
	0.906




Table 1B — Detailed metrics on the same test set (n = 9,214)

	Model
	Macro Precision
	Macro Recall
	Weighted Precision
	Weighted Recall
	Weighted F1
	Weighted ROC–AUC

	TF-IDF + LR (no RAG)
	0.895
	0.882
	0.903
	0.904
	0.903
	0.960

	RAG + TF-IDF + LR (paraphrase-multilingual-mpnet-base-v2)
	0.858
	0.796
	0.8549
	0.853
	0.846
	0.906
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Figure 2 – Confusion matrices for the SVM classifier without and with Retrieval-Augmented Generation (RAG).

The results in Table 1a, Table 1b and Figure 2 indicate that the baseline consistently outperforms the RAG variant on global metrics. The most evident gap is in FAKE-class recall, which drops from 0.8230 (baseline) to 0.6376 (RAG), a decrease of 18.5 percentage points (≈ 22.5% relative), leading to a substantial increase in false negatives. Conversely, TRUE-class recall increases with RAG (0.9428 → 0.9548), suggesting that the retrieved context tends to reinforce the majority class.
From a technical perspective, the RAG system’s reliance on semantic-similarity retrieval followed by context concatenation can introduce noisy or redundant information that dilutes minority-class signals; with TOP-K = 3 under class imbalance, retrieved neighbors are also more likely to come from the majority class. These factors reduce classifier robustness for FAKE. Mitigations include hybrid retrieval (BM25 + dense), supervised re-ranking to improve context precision, and imbalance-aware tuning (e.g., class-weighted learning or decision thresholds).
The practical implications are critical: missing fake news cases (false negatives) undermines the effectiveness of misinformation detection systems, especially in high-stakes domains such as politics, public health, and finance. While RAG remains a promising paradigm for enriching contextual understanding, the experiment shows that, without careful optimization of retrieval quality and imbalance handling, a strong linear baseline (TF-IDF + LR) can provide more stable and reliable performance for binary fake-news detection in Brazilian Portuguese.
Conclusions
The conducted literature review highlighted a consistent and growing interest in the detection of fake news, with recent studies leveraging both traditional machine learning models and advanced transformer-based architectures. The reviewed works underscore the challenges of misinformation detection in morphologically rich languages, emphasizing issues such as data scarcity, domain shifts, and the presence of context-dependent linguistic nuances. Importantly, no prior work was found that applies Retrieval-Augmented Generation (RAG) specifically for fake news detection in Portuguese, revealing a clear research gap in this area. While RAG has been explored in other languages and domains, its adaptation and evaluation in the Portuguese misinformation detection context remain virtually unexplored.
This study implemented a supervised Retrieval-Augmented Generation pipeline for fake-news classification in Brazilian Portuguese and evaluated it against a strong TF–IDF + Logistic Regression baseline under a single shared 70/30 train/test split with retrieval restricted to training data to avoid leakage. In this controlled setting, the linear baseline consistently delivered higher overall performance. While the RAG variant increased recall for the majority class (TRUE), it lowered recall for the minority class (FAKE), producing more false negatives and depressing macro/weighted metrics. Taken together, the evidence indicates that, on a linguistically homogeneous dataset with class imbalance, naïve semantic retrieval and simple context concatenation can inject redundant or off-target passages that blur minority signals; under those conditions, a well-tuned linear model remains the more stable and reliable choice.
For future work, some promising directions are highlighted:

· Explore the use of large language models (LLMs) fine-tuned for Portuguese, combined with optimized RAG pipelines, to improve contextual retrieval relevance and reduce noise.

· Investigate hybrid architectures that integrate RAG with advanced LLM-based classifiers (e.g., GPT, LLaMA, or BERTimbau derivatives) while applying explainable AI techniques (e.g., SHAP, LIME) to enhance interpretability and trust.

· Develop cross-lingual RAG frameworks leveraging multilingual LLMs to transfer knowledge from high-resource languages into Portuguese, thus mitigating dataset scarcity issues.
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