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Abstract—

Automated Essay Scoring (AES) has advanced significantly with the adoption of deep learning and transformer-based
models, offering improvements in accuracy and efficiency over traditional rule-based and statistical approaches.
Despite these advances, persistent challenges remain in ensuring transparency of scoring decisions, generating
meaningful feedback for learners, and integrating AES seamlessly into widely used learning management systems.
Addressing these gaps, this paper proposes an explainable, feedback-rich AES framework integrated into Moodle
LMS, leveraging English datasets such as the Automated Student Assessment Prize (ASAP) and the CommonLit
Readability Prize.

The proposed system adopts a hybrid methodology that combines transformer embeddings with handcrafted linguistic
features to enhance both predictive performance and interpretability. An explainability module provides attention-
based visualizations and rationale generation, enabling teachers and students to understand the basis of scoring
decisions. In addition, a feedback generator delivers actionable insights, including grammar corrections, coherence
suggestions, and prompt relevance analysis, thereby supporting iterative improvement in student writing.

Integration into Moodle LMS ensures scalability, accessibility, and real-time deployment in diverse educational
contexts. Experimental validation demonstrates that the hybrid model achieves higher agreement with human raters,
measured through Quadratic Weighted Kappa (QWK), while also improving fairness across subgroups and enhancing
learner engagement. Surveys conducted with teachers and students further confirm the value of explainable rationales
and feedback-rich assessment in building trust and promoting effective learning.

Keywords: Automated Essay Scoring - Moodle LMS - Explainable Al - Feedback-rich assessment - Transformer
models

INTRODUCTION

Assessment is a cornerstone of education, guiding both student learning and curriculum design. Essays, in particular,
are widely used to evaluate higher-order thinking skills such as critical reasoning, creativity, and written
communication. However, manual essay grading is time-consuming, labor-intensive, and often subjective, leading to
inconsistencies across evaluators and inefficiencies in large classrooms. These challenges have motivated the
development of Automated Essay Scoring (AES) systems, which aim to provide scalable, consistent, and timely
evaluation of student writing.

Early AES systems relied on statistical and rule-based methods such as Bag-of-Words and TF-IDF, which offered
basic scoring capabilities but failed to capture semantic meaning and contextual

coherence. With the advent of deep learning, particularly recurrent neural networks (RNNs), convolutional neural
networks (CNNs), and transformer-based architectures like BERT and RoBERTa, AES research has advanced
significantly. These models have demonstrated improved accuracy and alignment with human raters. Nevertheless,
despite these technological advances, several critical challenges remain unresolved.

First, explainability is limited in most AES systems. Students and teachers often receive numeric scores without
understanding the rationale behind them, which reduces trust and limits the pedagogical value of automated
assessment. Second, feedback generation is often minimal or absent. While scores provide a measure of performance,
they do not guide learners on how to improve their writing. Third, integration into learning management systems
(LMS) is underexplored. Although AES models are studied extensively in research contexts, few have been deployed
in widely used LMS platforms such as Moodle, which is adopted globally for online and blended learning.

Moodle LMS, being open-source and highly customizable, provides an ideal environment for embedding AES systems
that are both explainable and feedback-rich. Such integration would allow educators to automate grading while
simultaneously offering students constructive insights into their writing. This dual focus on efficiency and pedagogy
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positions AES not merely as a grading tool but as a learning aid.
This paper addresses three critical gaps in current AES research and practice:

1) Lack of explainability in AES models — most systems fail to provide transparent rationales for scores.

2) Limited feedback mechanisms — learners receive scores but little guidance for improvement.

3) Absence of LMS-integrated AES solutions — few systems are deployed in real-world educational platforms

such as Moodle.

To address these gaps, we propose a hybrid NLP-based AES plugin for Moodle that combines transformer embeddings
with handcrafted linguistic features. The system delivers accurate scores, generates rationales to explain grading
decisions, and provides actionable feedback such as grammar corrections, coherence suggestions, and prompt
relevance analysis. By embedding this framework into Moodle LMS, we aim to ensure scalability, accessibility, and
pedagogical impact across diverse educational contexts
Literature Review
Automated Essay Scoring (AES) has evolved considerably over the past two decades, moving from traditional
statistical approaches to advanced deep learning and hybrid frameworks.
Traditional AES methods relied on Bag-of-Words, TF-IDF, and rule-based scoring techniques. While these
approaches provided baseline performance, they lacked the ability to capture semantic meaning and contextual
coherence.
Deep learning approaches introduced RNNs, CNNs, and transformer-based models such as BERT, RoBERTa, and
XLNet. These models significantly improved accuracy by leveraging contextual embeddings, yet challenges remained
in fairness, generalization, and transparency.
Hybrid approaches emerged to combine deep embeddings with handcrafted linguistic features such as grammar error
counts, readability indices, and sentence length. This integration enhanced robustness and interpretability, offering a
balance between statistical and neural methods.
Explainability became a critical research focus, with rationale-driven scoring frameworks and attention visualization
techniques designed to make AES decisions more transparent.
Feedback integration also gained importance, as systems began to provide grammar corrections, coherence analysis,
and writing suggestions, moving beyond numeric scoring to actionable guidance.
Despite these advances, a notable gap persists: few AES systems integrate explainability and feedback mechanisms
directly into learning management systems such as Moodle, particularly using English datasets.

Major Research Contributions (2020-2025)
Recent studies between 2020 and 2025 highlight the trajectory of AES research:
1) Transformer-Based AES (2020-2022): Researchers applied BERT, RoBERTa, and XLNet for essay
scoring, achieving improved accuracy compared to traditional Bag-of-Words and TF-IDF methods. Li
& Ng (2022) emphasized the successes of transformer-based AES but noted challenges in fairness and

generalization.

2) Hybrid Models (2021-2024): Studies combined deep embeddings with handcrafted features to improve
robustness. Faseeh et al. (2024) proposed a hybrid AES model that outperformed transformer-only
approaches.

3) Fairness and Bias Analysis (2023-2025): Huang & Wilson (2025) evaluated large language models

(LLMs such as GPT-4, Gemini, and Claude) for AES. They found that LLMs reduced bias compared to
traditional systems but still exhibited subgroup disparities for English language learners.

4) IoT and Context-Aware AES (2025): Wu Tiantian (2025) introduced DeepGrade, an [oT-enhanced AES
system that incorporated behavioral context into essay scoring, aiming for real-time fairness and
feedback.

5) Explainability and Linguistic Features (2023-2025): Researchers explored attention visualization and

rationale generation to make AES more transparent. Recent work showed that adding linguistic features
such as syntax and coherence markers improved LLM-based AES performance.

6) Multimodal AES (2025): Su et al. (2025) introduced EssayJudge, a benchmark for multimodal AES,
enabling evaluation of essays that include text alongside diagrams or charts, opening new directions for
multimodal assessment.
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Summary of AES Research (2020-2025)

Year Key Contribution Researchers

Transformer-based AES (BERT, .

2020-2022 RoBERTa) Li & Ng (2022)

2021-2024 Hybrid AES (embeddings + Faseeh et al. (2024)
features)

2023-2025 i%rsness & bias analysis in LLM | 1y, 00 & Wilson (2025)

2025 IoT-enhanced AES (DeepGrade) | Wu Tiantian (2025)

2023-2025 Explainability with linguistic Multiple studies
features
Multimodal AES benchmark

2025 (EssayJudge) Su et al. (2025)

II1. Methodology
1. Research Design
The objective of this study is to develop and evaluate an explainable, feedback-rich Automated Essay Scoring (AES)
plugin for Moodle LMS. The proposed approach adopts a hybrid Natural Language Processing (NLP) framework
that combines transformer-based embeddings with handcrafted linguistic features. This design ensures both accuracy
and interpretability, while providing actionable feedback to learners.
2. Data Collection
Two publicly available English datasets were utilized:
e ASAP (Automated Student Assessment Prize): A benchmark dataset widely used in AES research,
containing essays scored by human raters.
e CommonlLit Readability Prize: A dataset with readability scores, useful for evaluating linguistic complexity.
e Existing holistic scores were used for training and evaluation, while trait-specific annotations (grammar,
coherence, persuasiveness) were incorporated where available.
3. Data Preprocessing
Preprocessing was conducted to ensure data quality and consistency:
e C(Cleaning: Removal of duplicates, normalization of text, and punctuation handling.
e  Tokenization: Application of transformer tokenizers (RoOBERTa, BERT).
e Feature Engineering: Extraction of handcrafted features including grammar error counts, sentence length,
readability indices, and vocabulary richness.
4. Model Architecture
The AES model was designed as a hybrid framework:
e Embedding Layer: Transformer models (RoBERTa, BERT) were used to generate contextual embeddings.
e  Feature Extraction: Linguistic features such as grammar errors and readability indices were computed.
e Hybrid Scoring Model: Embeddings and handcrafted features were combined using XGBoost to predict
essay scores.
e Explainability Module: Attention visualization and rationale generation were integrated to highlight key
textual elements influencing the score.
o Feedback Generator: Automated grammar corrections, coherence suggestions, and prompt relevance
analysis were provided to learners.
Ilustrative Python Snippet:
import xgboost as xgb
import numpy as np
tokenizer = RobertaTokenizer.from_pretrained("roberta-base")
model = RobertaModel.from_pretrained("roberta-base")
xgb_model = xgb.XGBRegressor()
def handcrafted features(text):
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length = len(text.split())
sentences = text.count('.")
return np.array([length, sentences])
def score_essay(text):
tokens = tokenizer(text, return_tensors="pt")
embeddings = model(**tokens).last hidden_state.mean(dim=1)
features = handcrafted features(text)
combined = np.concatenate([embeddings.detach().numpy().flatten(), features])
return xgb_model.predict([combined])[0]
5. Moodle Integration
The AES engine was integrated into Moodle LMS through a plugin architecture:
e Backend: Python-based AES engine exposed via REST APL
e  Frontend: Moodle plugin developed in PHP to handle essay submissions and display results.
e  Workflow: Student essays are submitted via Moodle, processed by the AES engine, and scores with feedback
are returned to the Moodle gradebook.
lustrative PHP Snippet:
// Moodle plugin hook for essay submission
function essay_submission_handler($essay_text) {
$score = call_python_aes api($essay_text);
save _score to_gradebook($score);

H
6. Evaluation
. Accuracy: Quadratic Weighted Kappa (QWK).
. Reliability: Inter-Rater Reliability (IRR).
. Explainability: Teacher/student surveys.
. Feedback Quality: Student improvement analysis.

IV. Results and Discussion
e  Accuracy: Hybrid model outperforms transformer-only models.
e Explainability: Rationales increase trust among teachers and students.
e Feedback Impact: Students improved writing quality after receiving actionable feedback.
e Limitations: Computational cost, dataset dependency.
V. Future Scope
e Extend to multilingual datasets (Hindi, Chhattisgarhi).
e Incorporate multimodal AES (essays with diagrams, charts).
e Develop fairness-aware scoring to reduce bias.
o Integrate AES with learning analytics dashboards in Moodle.

Conclusion

This paper presents an explainable AES framework integrated into Moodle LMS using English datasets. By
combining transformer embeddings with handcrafted features, the system delivers accurate scores, transparent
rationales, and constructive feedback. The integration into Moodle ensures scalability and accessibility, making AES
a pedagogically meaningful tool. Future work will expand multilingual coverage, enhance fairness, and explore
multimodal assessment.
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