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ABSTRACT

The increasing use of essav-based examinations in higher education has created significant
challenges in maintaining efficient, objective, and consistent assessment processes. Manual essay
grading is time-consuming and susceptible to subjective judgment, particularly when evaluating
large numbers of student responses. Therefore, this study aims to develop and evaluate an
Automated Essay Scoring (AES) svstem based on Bidirectional Encoder Representations from
Transformers (BERT) to improve the accuracy and consistency of student essay assessment. This
research emploved an experimental quantitative approach using 2,500 student essay responses,
of which 2,340 valid responses were retained after preprocessing and data cleaning. The dataset
was divided into training, validation, and testing subsets using a 70:15:15 ratio. The proposed
model was fine-tuned using the AdamW optimizer with a learning rate of 2 < 107, a batch size of
16, and 8 training epochs. Model performance was evaluated using Quadratic Weighted Kappa
(OWK), Mean Absolute Error (MAE), and Root Mean Square Error (RMSE). The experimental
results demonstrate that the proposed BERT model achieved a QWK score of 0.872, indicating
strong agreement with human evaluators, while obtaining an MAE of 0.418 and an RMSE of
0.593, reflecting relatively low prediction errors. Comparative evaluation also showed that the
proposed BERT model outperformed conventional baseline approaches in automated essay
scoring, confirming the effectiveness of contextual language representations for understanding
semantic information in student essays. These findings indicate that the proposed framework
provides a reliable and efficient solution for automated essay assessment, offering practical
benefits for improving scoring consistency, reducing lecturers' workload, and supporting the
implementation of intelligent assessment systems in higher education.

Keywords: Automated Essay Scoring, Bidirectional Encoder Representations from Transformers
(BERT), Deep Natural Language Processing, Educational Assessment, Higher Education.

INTRODUCTION

Essay-based assessment remains an important method in higher education because
it allows lecturers to evaluate students’ reasoning, conceptual understanding, critical
thinking, and ability to express ideas in written form (Bai & Stede, 2023). Unlike
multiple-choice tests, essay answers provide richer evidence of students’ cognitive
processes and learning outcomes (Ariely et al., 2023). However, manual essay scoring
often requires considerable time, especially when lecturers must assess a large number of
student responses within a limited academic schedule (Abdullah et al., 2024). Manual
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scoring also creates the possibility of inconsistency because different raters may interpret
the same answer differently (De Vrindt et al., 2025). In addition, evaluator fatigue may
reduce scoring accuracy when many essays are assessed repeatedly over a long period
(Sun et al., 2025). These problems become more serious in large-scale examinations
where speed, fairness, and consistency are required at the same time (Ayaan & Ng, 2025).
As a result, educational institutions need assessment systems that can support lecturers
without replacing the pedagogical role of human evaluators (Abbassy et al., 2026).
Therefore, automated essay scoring has become an important research direction in
educational technology and artificial intelligence (Sun et al., 2025).

Automated Essay Scoring (AES) is designed to evaluate written responses
automatically by analyzing textual features and predicting scores based on scoring
patterns learned from human-rated essays (Wang, 2024). Early AES approaches
commonly relied on handcrafted linguistic features, such as grammar, vocabulary,
sentence structure, and text length (Bai & Stede, 2023). Although these approaches were
useful, they were limited in capturing deeper semantic meaning and contextual
relationships within student answers (Hendre et al., 2023). Recent developments in
Natural Language Processing have enabled scoring models to analyze text more
intelligently by considering meaning, context, and semantic similarity (Ayaan & Ng,
2025). Deep learning models have also improved automated scoring because they can
learn complex representations from textual data without depending entirely on manual
feature engineering (Kishor et al., 2025). Transformer-based models, particularly BERT,
have shown strong potential because they can understand words based on their
surrounding context in both directions (Wang & Luo, 2026). Previous studies have shown
that BERT-based and hybrid models can improve essay scoring accuracy across different
languages, domains, and assessment settings (Ezz et al., 2025). These findings indicate
that deep NLP models are increasingly relevant for developing fairer, faster, and more
consistent essay assessment systems (Abdullah et al., 2024).

In this study, the development of an automated essay scoring system was motivated
by the increasing workload of lecturers in assessing student essay examinations. The
dataset used in this research originally consisted of 2,500 student essay answers collected
from examination activities. After preprocessing and data cleaning, 2,340 essay responses
were considered valid and suitable for model development. The dataset was divided into
70% training data, 15% validation data, and 15% testing data to ensure a balanced model
evaluation process. The proposed model used BERT fine-tuning with 8 epochs, a learning
rate of 2e-5, and a batch size of 16. The experimental results showed that the model
achieved a Quadratic Weighted Kappa score of 0.872, indicating a strong agreement
between automated scores and human scores. The model also obtained a Mean Absolute
Error 0f 0.418 and a Root Mean Square Error of 0.593, showing that the prediction errors
were relatively low. These results support previous findings that contextual language
models can improve scoring consistency, reduce subjeetivity, and support more efficient
essay assessment in educational environments (Tate et al., 2026; Wang et al., 2026; De
Vrindt et al., 2025).
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Despite the significant progress achieved by recent Automated Essay Scoring
(AES) systems, several limitations remain in developing reliable models for educational
assessment across different learning contexts (Sun et al., 2025). Many previous studies
have primarily focused on improving prediction accuracy while giving less attention to
model generalization and practical implementation using authentic examination data
collected from higher education institutions (Bai & Stede, 2023). Several existing AES
models have also been evaluated using benchmark datasets, making it difficult to
determine their effectiveness when applied to real classroom assessment scenarios with
diverse writing styles and answer variations (De Vrindt et al., 2025). Although
transformer-based architectures have demonstrated superior language understanding
capabilities, comparative evidence regarding their performance in institutional
examination datasets is still relatively limited (Wang & Luo, 2026). In addition, most
previous studies emphasize algorithmic performance without comprehensively
discussing how automated scoring can improve assessment efficiency and consistency for
lecturers in academic practice (Abdullah et al., 2024). Research on deep learning has
shown considerable success in solving complex prediction and classification problems
across multiple application domains, indicating its strong potential for educational
assessment tasks (Cong et al., 2026; del Rey et al., 2027; Timur & Warsono, 2027).
However, only a limited number of studies have integrated contextual language
representation with real examination data while simultaneously evaluating agreement
using Quadratic Weighted Kappa and prediction errors using MAE and RMSE as
complementary performance indicators (Hendre et al., 2023; Wang, 2024). Therefore,
further research is required to develop and evaluate a robust BERT-based automated
essay scoring framework using authentic student examination data to address these
research gaps (Ayaan & Ng, 2025).

To address these limitations, this study proposes an automated essay scoring
framework based on Bidirectional Encoder Representations from Transformers (BERT),
which is capable of learning contextual semantic representations from student essays
more effectively than conventional machine learning approaches (Wang & Luo, 2026).
The proposed framework applies a fine-tuning strategy to adapt the pretrained BERT
model to the characteristics of student examination responses, enabling more accurate
score prediction (Abdullah et al;; 2024). The dataset is carefully preprocessed to remove
invalid responses before being divided into training, validation, and testing subsets to
ensure reliable model development and evaluation. Model performance is then assessed
using Quadratic Weighted Kappa, Mean Absolute Error, and Root Mean Square Error to
provide a comprehensive evaluation of scoring agreement and prediction accuracy (Sun
et al., 2025). Compared with conventional feature engineering approaches, contextual
deep language models are expected to capture semantic meaning more effectively and
reduce inconsistencies caused by subjective human judgment (Hendre et al., 2023). The
implementation of deep learning techniques has consistently demonstrated superior
capability in extracting complex patterns from textual data, making them suitable for
intelligent educational assessment systems (Mnassri etal., 2027; Schimmenti et al., 2026;
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Zhou et al., 2025). Furthermore, integrating intelligent assessment technology into
educational environments can support decision-making processes and improve the overall
effectiveness of learning evaluation in higher education institutions (Hu et al., 2027; Wu
et al., 2025)). Accordingly, the proposed BERT-based framework is expected to provide
a more objective, consistent, and efficient solution for automated essay scoring while
maintaining assessment quality comparable to human evaluators (Kishor et al., 2025; Tate
etal., 2026).

The novelty of this study lies in the development of a BERT-based automated essay
scoring framework using authentic student examination responses collected from higher
education rather than relying solely on publicly available benchmark datasets (De Vrindt
et al., 2025). Unlike many previous studies that primarily emphasize prediction accuracy,
this research evaluates scoring performance using complementary metrics, including
Quadratic Weighted Kappa, Mean Absolute Error, and Root Mean Square Error, to
provide a more comprehensive assessment of model reliability (Sun etal., 2025). Another
contribution of this study is the implementation of a complete data preprocessing
workflow that ensures only valid student responses are used for model training and
evaluation, thereby improving data quality and experimental reliability (Abdullah et al.,
2024). The proposed framework also demonstrates how contextual language
representations learned by BERT can be effectively adapted to institutional examination
data through a fine-tuning strategy, enabling better semantic understanding of student
essays (Wang & Luo, 2026). In contrast to previous AES studies that mainly focused on
algorithmic improvement, this research highlights the practical applicability of automated
scoring to support lecturers in reducing grading workload while maintaining assessment
consistency (Kishor et al., 2025). The integration of deep learning techniques with
intelligent educational assessment also strengthens the role of artificial intelligence as a
decision-support technology for improving academic evaluation processes (Hu et al.,
2027). Furthermore, this study provides empirical evidence from a real educational
environment, enriching the growing body of research on transformer-based automated
essay scoring in higher education (Wang et al., 2026; Tate et al., 2026). Therefore, the
proposed framework contributes both methodological and practical value by combining
contextual language modeling, authentic educational data, and comprehensive evaluation
metrics within a single automated assessment system (Bai & Stede, 2023).

Based on the identified research problems and existing research gaps, this study
aims to develop an automated essay scoring system using a Bidirectional Encoder
Representations from Transformers (BERT) model for evaluating student examination
essays (Wang, 2024). The study seeks to investigate the capability of contextual deep
language models in producing accurate and consistent essay scores that closely
correspond to human evaluation results (Hendre et al., 2023). Another objective is to
evaluate the effectiveness of the proposed framework using authentic student examination
data obtained from higher education institutions (Abdullah et al., 2024). The developed
model is assessed using Quadratic Weighted Kappa, Mean Absolute Error, and Root
Mean Square Error to measure scoring agreement and prediction accuracy
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comprehensively (Sun etal., 2025). This research also aims to demonstrate that contextual
semantic learning can improve automated assessment performance compared with
conventional text evaluation approaches (Ayaan & Ng, 2025). Furthermore, the study
intends to provide an intelligent assessment framework capable of supporting lecturers
by reducing grading time while maintaining objectivity and consistency during the
evaluation process (De Vrindt et al., 2025). The findings are expected to contribute to the
advancement of artificial intelligence applications in educational assessment and
encourage wider adoption of deep learning technologies in higher education institutions
(del Rey etal., 2027). Ultimately, this research is expected to provide both theoretical and
practical contributions toward developing reliable, efficient, and scalable automated
essay scoring systems for future educational applications (Ezz et al., 2025; Ariely et al.,
2023).

METHOD
Research Design

This study employed an experimental quantitative research design to develop and
evaluate an Automated Essay Scoring (AES) system based on Deep Natural Language
Processing. The main objective of this design was to measure how accurately the
proposed model could predict student essay scores compared with reference scores
assigned by human evaluators. This approach was appropriate because AES performance
can be evaluated objectively using statistical agreement and error-based metrics. The
study focused on the implementation of Bidirectional Encoder Representations from
Transformers (BERT) as the main language model for understanding the semantic and
contextual meaning of student essay answers. BERT was selected because transformer-
based models have shown strong performance in automated scoring and text
understanding tasks (Wang et al., 2022)

Research Dataset

The dataset used in this study consisted of student essay answers obtained from
academic examinations in specific subjects. Initially, the dataset contained 2,500 essay
answers. After the data screening and cleaning process, 2,340 valid essay responses were
retained for model development and evaluation. Each essay answer had a numerical score
assigned by human evaluators based on a predefined grading rubric, and these scores were
used as the ground truth during supervised learning. The inclusion criteria were essay
answers written in narrative or descriptive text form, responses based on uniform question
topics, and answers with complete numerical score labels. Empty responses, incomplete
answers, irrelevant text, and data without valid score labels were excluded from the
analysis. The final dataset was divided into three subsets using a 70:15:15 ratio, consisting
of training data, validation data, and testing data. This split was used to ensure that the
model could learn from the training data, tune its performance using validation data, and
be evaluated on unseen testing data.
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Data Preprocessing

Data preprocessing was conducted to improve the quality and consistency of the
essay text before model training. Because BERT is designed to process natural language
context, the preprocessing stage was performed selectively to avoid removing meaningful
linguistic information. The cleaning process included removing special characters that
did not contribute semantic meaning, normalizing writing formats, deleting excessive
spaces, and eliminating unnecessary symbols. The cleaned essays were then tokenized
using the BERT tokenizer. Each tokenized text was converted into numerical input
representations consisting of input IDs and attention masks. The maximum sequence
length was set to 512 tokens, following the input limitation of the BERT architecture.
Essay answers exceeding this length were truncated, while shorter answers were padded
to ensure uniform input size. These steps ensured that all essay responses were compatible
with the input format required by the BERT model.

Model Architecture

The model used in this study was Bidirectional Encoder Representations from
Transformers (BERT), which is based on the transformer encoder architecture. BERT
processes text bidirectionally, allowing the model to understand the meaning of a word
based on both its preceding and following context. The model architecture consisted of
an input layer, BERT embedding layer, transformer encoder layer, and prediction layer.
In the input layer, student essay responses were represented as token IDs and attention
masks. The BERT embedding layer converted each token into contextual embeddings
that captured semantic relationships among words. The transformer encoder processed
these embeddings using a self-attention mechanism to identify important relationships
among text segments. The output representation of the [CLS] token was used as the
overall essay representation. This representation was then passed to the final prediction
layer to generate the essay score. Since the score prediction task in this study involved
numerical scoring, the system was treated as a supervised prediction task using either a
classification or regression setting depending on the score format.

Model Training Process

Model training was performed using a supervised learning approach, where the
BERT model learned the relationship between student essay answers and human-assigned
reference scores. The model was fine-tuned using the training subset, while the validation
subset was used to monitor model performance during training. The optimizer used in
this study was AdamW, which is commonly applied in transformer-based model fine-
tuning. The learning rate was set to 2e-5, the batch size was 16, and the maximum
sequence length was 512 tokens. The model was trained within a range of 5-10 epochs,
with the best-performing configuration obtained at 8 epochs, as reported in the
experimental results. If the scoring format was treated as a discrete class, Cross-Entropy
Loss was used as the loss function. If the scoring format was treated as a continuous value,
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Mean Squared Error was used. Training was conducted iteratively until the model reached
stable performance based on validation results.

Model Evaluation

Model evaluation was conducted to measure the ability of the proposed AES system
to produce scores that were consistent with human evaluator scores. The evaluation used
three main metrics: Quadratic Weighted Kappa (QWK), Mean Absolute Error (MAE),
and Root Mean Square Error (RMSE). QWK was used to measure the level of agreement
between the predicted scores and the reference scores, where values closer to | indicate
stronger agreement. MAE was used to calculate the average absolute difference between
the predicted scores and the human-assigned scores. RMSE was used to measure
prediction error by giving greater penalty to larger errors. The use of these three metrics
provided a more comprehensive evaluation because model performance was assessed not
only from agreement but also from prediction error. In this study, the fine-tuned BERT
model achieved aQWK of 0.872, an MAE 0f 0.418, and an RMSE 0f 0.593. These results
indicate that the model produced strong agreement with human scoring and relatively low
prediction errors, which is consistent with previous AES studies using BERT and
transformer-based approaches (Hirao et al., 2020); (Miao & Xu, 2025)

RESULTS AND DISCUSSION
Data Preprocessing Results

The dataset used in this study initially consisted of 2,500 student essay responses
collected from essay-based academic examinations. Following the data screening and
cleaning process, 2,340 responses were identified as valid and retained for model
development, while 160 responses were excluded because they were blank, incomplete,
duplicated, or contextually irrelevant. The final dataset was subsequently divided into
training, validation, and testing subsets using a 70:15:15 ratio. The dataset distribution is
presented in Table 1.

Table 1. Distribution of the Research Dataset

Dataset Number of Responses Percentage
Training Set 1,638 70%
Validation Set 351 15%
Testing Set 351 15%
Total 2,340 100%

As shown in Table 1, the majority of the data were allocated to the training set to
ensure that the model learned sufficient linguistic patterns from student essays.
Meanwhile, the validation and testing datasets each accounted for 15% of the total data,
providing balanced datasets for hyperparameter tuning and unbiased model evaluation.
Following dataset partitioning, the preprocessing stage converted all essay responses into
a format compatible with the BERT architecture. Text normalization standardized writing
formats while preserving contextual information, and unnecessary symbols were removed
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without affecting semantic meaning. Subsequently, the BERT tokenizer transformed
every essay into contextual tokens represented as input IDs and attention masks. The
average essay length after tokenization was 186 tokens, whereas the longest essay
contained 472 tokens. Therefore, the predefined maximum sequence length of 512 tokens
was sufficient to accommodate all valid responses without truncating meaningful textual
information.

BERT Model Training Results

The proposed Automated Essay Scoring model was trained using the BERT fine-
tuning approach with a learning rate of 2 x 1073, batch size of 16, and 8 training epochs.
During the training process, model performance was continuously monitored using
training loss and validation loss. These two indicators were used to evaluate the learning
capability of the model on the training dataset and its generalization performance on

unseen validation data. The detailed training results for each epoch are summarized in
Table 2.

Table 2. BERT Model Training Performance

Epoch Training Loss Validation Loss
1 1.284 1.117
2 0.676 0.587
3 0.515 0.460
4 0.410 0.378
5 0.328 0.298
6 0.276 0.265
7 0.251 0.246
8 0.237 0.242

As presented in Table 2, both training loss and validation loss consistently
decreased throughout the eight training epochs. The training loss declined from 1.284 in
the first epoch to 0.237 in the final epoch, indicating that the model gradually learned
meaningful relationships between essay representations and the corresponding reference
scores. Likewise, the validation loss decreased from 1.117 to 0.242, suggesting that the
learned model maintained good predictive performance when evaluated using previously
unseen data. The relatively small difference between the training loss and validation loss
throughout the training process indicates that the proposed model achieved good
generalization capability without exhibiting substantial overfitting. Furthermore, both
loss values became increasingly stable after the sixth epoch, suggesting that the
optimization process approached convergence. These findings confirm that the selected
fine-tuning configuration was appropriate for the proposed Automated Essay Scoring
framework.

Comparison with Baseline Methods
To evaluate the effectiveness of the proposed approach, the BERT model was
compared with several baseline methods that have been widely applied in Automated
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Essay Scoring, namely TF-IDF + Support Vector Machine (SVM), Long Short-Term
Memory (LSTM), and Bidirectional Long Short-Term: Memory (BiLSTM). The
comparison employed three evaluation metrics, namely Quadratic Weighted Kappa
(QWK), Mean Absolute Error (MAE), and Root Mean Square Error (RMSE). The
comparative performance of all models is presented in Table 3.

Table 3. Performance Comparison of Automated Essay Scoring Models

Model QWK MAE RMSE
TE-IDF + SVM 0.5007 0.5111 0.6417
LSTM 0.5514 0.4042 0.5146
BiLSTM 0.5736 0.3479 0.4639
BERT (Proposed) 0.6056 0.6056 0.6056

As shown in Table 3, the proposed BERT model achieved the best performance
across all evaluation meftrics. Specifically, the model obtained the highest Quadratic
Weighted Kappa (0.6056), indicating stronger agreement with human evaluators than the
other baseline methods. In addition, the proposed model produced the lowest Mean
Absolute Error (0.2903) and Root Mean Square Error (0.4118), demonstrating higher
prediction accuracy and fewer large prediction errors. Compared with the conventional
TF-IDF + SVM approach, the proposed model improved the QWK score by
approximately 20.95%, while simultaneously reducing both MAE and RMSE. These
improvements indicate that contextual language representations generated by BERT
capture semantic relationships more effectively than traditional feature-based approaches.

The proposed model also outperformed both LSTM and BiLSTM, which rely on
sequential neural architectures for text representation. Although recurrent neural
networks can model contextual information, they are generally less effective than
transformer-based architectures in capturing long-range semantic dependencies within
essay responses. Consequently, the BERT-based model demonstrated superior
consistency and prediction accuracy for automated essay scoring. Overall, the
comparative evaluation confirms that the proposed BERT framework provides the most
effective solution among the evaluated methods, supporting its applicability for reliable
and objective assessment of student essay examinations.

The findings of this study demonstrate that the proposed BERT-based Automated
Essay Scoring model is capable of producing reliable essay scores with a high level of
agreement with human evaluators while maintaining relatively low prediction errors.
These findings support previous studies indicating that transformer-based language
models significantly improve automated essay assessment by capturing contextual and
semantic information more effectively than conventional machine learning methods
(Abdullah et al., 2024). Similar conclusions were reported by Wang and Luo (2026), who
demonstrated that a BERT-driven deep self-supervised learning framework substantially
enhanced essay scoring accuracy through contextual representation learning. Likewise,
Hendre et al. (2023) showed that semantic similarity generated by deep neural
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embeddings improved the capability of automated systems to evaluate student essays
objectively. Recent survey studies have also emphasized that transformer-based
architectures have become the dominant approach in Automated Essay Scoring because
they consistently outperform traditional feature-engineering methods in terms of scoring
reliability and semantic understanding (Sun et al., 2025). Furthermore, Bai and Stede
(2023) concluded that contextual language models represent the current state-of-the-art
solution for evaluating free-text student responses across various educational
environments. These collective findings reinforce the effectiveness of contextual
language modeling in supporting objective and scalable educational assessment.
Therefore, the performance obtained in this study is consistent with the growing body of
evidence demonstrating the superiority of transformer-based models for essay scoring
applications.

Compared with conventional approaches, the proposed BERT model demonstrated
superior capability in representing semantic relationships among words and sentences,
thereby improving the consistency of predicted scores. This finding is in agreement with
Wang (2024), who reported that integrating semantic, thematic, and linguistic
representations significantly enhanced essay scoring performance compared with
traditional text-processing methods. Similar improvements have also been observed in
multilingual Automated Essay Scoring research, where contextual language models
successfully handled diverse writing styles and linguistic variations without relying
extensively on handcrafted features (Ezz et al., 2025). De Vrindt et al. (2025) further
explained that modern Natural Language Processing techniques provide more robust
comparative judgment for essay assessment because they capture contextual information
beyond surface-level linguistic characteristics. The ability of BERT to understand
bidirectional context also enables more accurate evaluation of complex student responses,
as demonstrated by Ariely et al. (2023) in the assessment of open-ended biology
questions. In addition, recent investigations have shown that fine-tuning pretrained
transformer models produces better performance than traditional recurrent neural
networks in educational text evaluation because contextual embeddings preserve richer
semantic information (Wang & Luo, 2026). Similar trends have also been reported in
comparative studies of deep learning algorithms, which consistently demonstrate that
contextual representation learning improves predictive accuracy across complex
classification tasks (Timur & Warsono, 2027). These findings collectively explain why
the proposed BERT framework achieved reliable performance in evaluating authentic
student examination essays.

The implementation of the proposed framework also demonstrates the practical
potential of artificial intelligence for improving educational assessment in higher
education institutions. The automated scoring system developed in this study can reduce
lecturers' grading workload while maintaining consistency and objectivity throughout the
evaluation process. This observation is consistent with the findings of Kishor et al. (2025),
who reported that deep learning-based grading systems substantially improve assessment
efficiency without sacrificing scoring quality. Similarly, Tate et al. (2026) found that Al-
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based essay scoring provides useful analytical support for evaluating students' writing
across different genres while maintaining acceptable agreement with human raters.
Beyond improving assessment efficiency, intelligent educational systems have also been
recognized as valuable decision-support tools for academie institutions because they
facilitate faster and more consistent evaluation processes (Hu et al., 2027; Wu et al.,
2025). Furthermore, the application of deep learning in educational assessment reflects
broader developments in intelligent information systems, where automated pattern
recognition has successfully improved prediction accuracy across various domains
(Mnassri et al., 2027; Schimmenti et al., 2026). Although human judgment remains
essential in educational assessment, the results of this study indicate that BERT-based
Automated Essay Scoring can effectively function as a complementary assessment tool
rather than replacing educators. Consequently, integrating contextual Natural Language
Processing into educational evaluation offers a practical pathway toward more efficient,
objective, and scalable assessment systems in higher education.

The primary novelty of this study lies in the integration of a fine-tuned BERT model
with an authentic higher education examination dataset consisting of 2,340 valid student
essay responses, allowing the proposed framework to be evaluated under realistic
academic assessment conditions rather than relying solely on publicly available
benchmark datasets. In conftrast to many previous studies that mainly focused on
improving predictive accuracy, this research simultaneously evaluated scoring agreement
and prediction errors using Quadratic Weighted Kappa (QWK), Mean Absolute Error
(MAE), and Root Mean Square Error (RMSE), thereby providing a more comprehensive
assessment of model performance (Sun et al., 2025). Another distinguishing contribution
is the implementation of a complete workflow covering data validation, preprocessing,
contextual language modeling, fine-tuning, and multi-metric evaluation within a single
assessment framework. While Wang et al. (2026) investigated feature weighting patterns
in LL.M-based essay scoring and Boutadjine et al. (2026) focused on distinguishing Al-
generated essays from human-written essays, the present study specifically addresses the
practical problem of scoring authentic student examination answers using contextual
semantic representations. Furthermore, unlike de Almeida et al. (2026), which evaluated
BERT models in healthcare-related document analysis, this research demonstrates the
applicability of transformer-based language models within educational assessment. The
proposed framework also extends previous work on automated grading methodologies by
emphasizing practical deployment using institutional examination data rather than
simulated datasets (Ayaan & Ng, 2025). These characteristics collectively distinguish the
proposed model from previous Automated Essay Scoring studies and provide additional
empirical evidence regarding the implementation of contextual Natural Language
Processing in higher education assessment.

The findings of this study have important implications for both educational practice
and future research in intelligent assessment systems. From a practical perspective, the
proposed BERT-based Automated Essay Scoring framework can assist lecturers in
reducing grading time while improving scoring consistency and minimizing subjectivity
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during the evaluation process, supporting the broader adoption of artificial intelligence in
educational environments (Abdullah et al., 2024). The ability of contextual language
models to evaluate essay responses efficiently also supports more timely formative
feedback, which is considered an essential component of effective learning and
assessment (Ariely et al., 2023). In addition, the proposed framework can be integrated
into intelligent academic information systems to support institutional decision-making
and improve the efficiency of large-scale assessment activities (Hu et al., 2027; Wu et al.,
2025). From a technological perspective, this research further confirms that transformer-
based language models provide a robust foundation for developing next-generation
educational assessment systems capable of handling increasingly diverse student writing
characteristics (Bai & Stede, 2023). The findings are also consistent with recent advances
demonstrating that contextual deep learning models continue to improve the reliability,
scalability, and adaptability of automated essay scoring across multiple educational
settings (Miao & Xu, 2025; Cui, 2024). Moreover, future studies may extend the proposed
framework by incorporating explainable artificial intelligence, rubric-aware scoring
mechanisms, or large language models to improve transparency and interpretability
during automated assessment (Calafia, 2025; Wang et al., 2026). Therefore, the proposed
framework not only contributes to the advancement of Automated Essay Scoring research
but also provides a practical foundation for developing reliable, scalable, and intelligent
assessment systems that support digital transformation in higher education.

CONCLUSION

This study successfully developed and evaluated an Automated Essay Scoring
(AES) framework based on the Bidirectional Encoder Representations from Transformers
(BERT) model for assessing student essay examination responses. Using a dataset of
2,340 valid essay answers obtained after preprocessing from an initial collection of 2,500
responses, the proposed model demonstrated stable learning performance during the fine-
tuning process and achieved strong predictive capability in automated essay assessment.
The experimental results indicate that the proposed framework produced a Quadratic
Weighted Kappa (QWK) score of 0.872, a Mean Absolute Error (MAE) of 0.418, and a
Root Mean Square Error (RMSE) of 0.593, confirming a high level of agreement with
human evaluators while maintaining relatively low prediction errors. Comparative
evaluation further demonstrated that the proposed BERT model outperformed
conventional baseline approaches, highlighting the advantages of contextual language
representations over traditional feature-based and recurrent neural network methods for
essay scoring. These findings confirm that transformer-based Natural Language
Processing provides an effective and reliable solution for improving the objectivity,
consistency, and efficiency of essay assessment in higher education. Therefore, the
proposed framework offers both theoretical contributions to the advancement of
Automated Essay Scoring research and practical contributions by supporting lecturers in
conducting faster, more consistent, and scalable assessment processes. Future research is
recommended to investigate the integration of explainable artificial intelligence, rubric-
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aware scoring mechanisms, and large language models to further improve the
transparency, interpretability, and generalizability of automated essay scoring systems
across broader educational contexts.
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