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Institutional research grant titles constitute short-text grey literature
characterized by heterogeneous semantic structures, making topic
identification and research trend analysis challenging. This study proposes
an integrated bidirectional encoder representation from transformers-based
topic modeling (BERTopic) framework combining genetic algorithm (GA)-
based hyperparameter optimization and Shapley additive explanations
(SHAP)-based interpretability to improve semantic topic quality and model
transparency. GA was applied to optimize dimensionality-reduction and
density-based clustering parameters, while SHAP was used to estimate the
contribution of bigram features to the surrogate classifier’s predictions of
BERTopic-generated topic labels. Experimental results demonstrated that
the proposed framework improved topic coherence from 0.367 to 0.543
while reducing the outlier ratio from 21.12% to 13.55%. In addition, the
number of topics decreased from 46 to 10, resulting in a more compact and
less fragmented topic structure. The resulting topic structure revealed
dominant themes related to higher education, religious moderation, Islamic
counseling, halal tourism, and sharia banking. Overall, the proposed
framework contributes to the development of more coherent, interpretable,
and semantically robust topic modeling for institutional short-text grey
literature analysis.
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1. INTRODUCTION

The development of digital transformation has significantly increased the amount of institutional
grey literature, including research grant titles, internal reports, and academic documents that are not
published through formal scientific channels [1], [2]. In this study, grey literature is represented in the form
of institutional research grant titles, which are characterized by short text, heterogeneity, and lack of
standardization. The high semantic variation within these short texts makes topic identification and research
trend analysis more challenging. In addition to limited linguistic context, imbalanced thematic distributions
may also produce unstable topic structures that are difficult to interpret semantically.

The advancement of transformer-based natural language processing (NLP) has encouraged the
emergence of semantic topic modeling approaches capable of understanding contextual relationships between

Journal homepage: hitp://ijai.iaescore.com


https://creativecommons.org/licenses/by-sa/4.0/

Int J Artif Intell ISSN: 2252-8938 a 3819

words and documents more effectively than traditional probabilistic approaches [3]-[5]. One rapidly growing
method is bidirectional encoder representations from transformers-based topic modeling (BERTopic), which
combines transformer embeddings, uniform manifold approximation and projection (UMAP) dimensionality
reduction, hierarchical density-based spatial clustering of applications with noise (HDBSCAN) clustering,
and class-based term frequency—inverse document frequency (c-TF-IDF) topic representation [6]. This
approach is considered capable of generating more contextual topic representations and improving topic
coherence across various research domains [7]-[9].

Several studies have applied BERTopic to aviation safety analysis, social media, the internet of
things, and generative artificial intelligence trends [10]-[13]. These studies demonstrate that BERTopic
performs well in capturing semantic structures and topic variations within complex datasets. However,
BERTopic performance is highly dependent on the configuration of UMAP and HDBSCAN parameters.
Suboptimal parameter selection may result in a high number of outliers, low topic coherence, and the
formation of less representative clusters [7], [9]. This issue becomes even more complex when applied to
grey literature datasets characterized by imbalanced data distributions and high heterogeneity.

To address these issues, this study applies a genetic algorithm (GA) as a hyperparameter
optimization approach for BERTopic. GA possesses global exploration capabilities for identifying optimal
parameter combinations within multidimensional search spaces, making it effective in improving clustering
quality and machine learning model stability [14]-[16]. Although numerous studies have discussed
hyperparameter optimization in machine learning models, the implementation of GA-based parameter
optimization for BERTopic in grey literature analysis remains relatively limited. Beyond model quality,
interpretability also presents a major challenge in embedding-based approaches because the topic formation
process is often difficult to explain transparently.

The explainable artificial intelligence (XAI) approach based on Shapley additive explanations
(SHAP) can be utilized to improve model interpretability by identifying feature contributions to prediction or
topic structure formation [17], [18]. In the context of topic modeling, SHAP enables the identification of
bigram feature contributions in forming dominant themes, thereby making the model interpretation process
more transparent and understandable. The integration of GA-based parameter optimization and SHAP-based
interpretability is expected to improve both the quality and transparency of BERTopic in analyzing grey
literature datasets.

Based on these issues, this study proposes a BERTopic approach optimized using a GA and
analyzed using SHAP for identifying research trends in grey literature. The objectives of this study are to:
i) optimize UMAP and HDBSCAN parameters using GA, ii) evaluate improvements in topic quality based
on topic coherence, topic diversity, and outlier ratio, and iii) analyze the contribution of bigram features to
topic formation using SHAP. The contribution of this research lies in the integration of hyperparameter
optimization and XAl-based interpretability within the BERTopic framework to produce a more stable,
representative, and transparent topic modeling approach for heterogeneous and unstructured grey
literature datasets.

2. METHOD

This study employs a GA-optimized BERTopic framework to improve topic quality and
interpretability in institutional grey literature analysis. The framework integrates dataset collection, text
preprocessing, sentence embedding generation, baseline BERTopic modeling, GA-based optimization of
UMAP and HDBSCAN hyperparameters, optimized BERTopic modeling, and SHAP-based explainability.
The overall research workflow is presented in Figure 1.

M ) (3) (4) (5) (6) (7)
@ Dataset Text Sentence Baseline GA-Based GA-Optimized SHAP-Based @
Collection Preprocessing Embedding BERTopic GypeIparameter BERTopic Explainability
Modeling Optimizati Modeling

Figure 1. Proposed GA-optimized BERTopic framework with SHAP-based explainability

2.1. Dataset and preprocessing

The dataset comprised 502 research grant titles funded by Universitas Islam Negeri Sumatera Utara
between 2018 and 2024. The data were obtained from the institutional research database managed by the
Institute for Research and Community Service. Duplicate, incomplete, and administrative-only entries were
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removed before analysis. The short-text dataset was categorized as academic grey literature and characterized
by heterogeneous terminology and limited contextual information [1], [2]. Preprocessing included case
folding, punctuation removal, tokenization, stopword removal, normalization, and bigram construction.
Documents were then transformed into contextual embeddings using the all-MiniLM-L6-v2
SentenceTransformer model [4], [5], [19].

2.2. BERTopic framework

This study employed BERTopic to generate semantic topic structures using transformer embeddings,
UMAP dimensionality reduction, HDBSCAN clustering, and c-TF-IDF topic representation [6], [20], [21].
UMAP was used to reduce embedding dimensions, while HDBSCAN grouped documents based on density
distributions. Documents assigned to topic label —1 were treated as outliers. Topic representations were
generated using c¢-TF-IDF as formulated in (1).

¢-TF-IDF,, = L. log (nﬁt) (1)

B Zkfk.x

Where f;, denotes the frequency of term tin topic x, N represents the total number of documents, and
n; indicates the number of topics containing term ¢.

2.3. Genetic algorithm optimization

A GA was applied to optimize UMAP and HDBSCAN parameters, including n_neighbors,
min_cluster_size, and min_samples [14]-[16]. The search space consisted of n_neighbors € {5, 8, 10, 12, 15},
min_cluster_size € {5, 8, 10, 12, 15}, and min_samples € {1, 2, 3, 5}. The UMAP parameters n_components
and min_dist were fixed at 5 and 0.0, respectively. The optimization process used a population size of 5 and 3
generations with tournament selection, crossover probability of 0.8, and mutation probability of 0.1.

The fitness function combined topic coherence, topic diversity, outlier ratio, and topic compactness,
as defined in (2).

Fitness = 0.35C + 0.25D + 0.25(1 — 0) + 0.15T (2)

Where C denotes the topic coherence, D represents the topic diversity, O indicates the outlier ratio, and
T denotes the topic compactness. For each parameter combination, a BERTopic model was generated and
evaluated iteratively to identify the optimal semantic topic structure with improved clustering stability and
reduced topic fragmentation. The GA optimization process consisted of population initialization, fitness
evaluation, selection, crossover, mutation, and population updates until the stopping criteria were achieved.

2.4. SHAP-based explainability

SHAP was applied to interpret the surrogate classifier by estimating the contribution of TF-IDF
bigram features to the prediction of BERTopic-generated topic labels [17], [18]. Because BERTopic is
unsupervised, topic labels generated by the optimized model were used in a surrogate logistic regression
classifier with TF-IDF bigram features. SHAP LinearExplainer was then employed to estimate feature
importance for semantic topic representation.

2.5. Model evaluation

Model performance was evaluated using topic coherence, topic diversity, outlier ratio, and number
of topics [7], [20], [22]. Comparative analysis was conducted between the baseline BERTopic model and the
GA-optimized BERTopic model. This comparison aimed to assess semantic coherence, clustering stability,
and topic compactness.

3.  RESULTS AND DISCUSSION
3.1. Evaluation of genetic algorithm-optimized BERTopic

The model performance was evaluated by comparing the baseline BERTopic model with default
parameter settings and the GA-optimized BERTopic model using topic coherence, topic diversity, outlier
ratio, and number of topics metrics, as presented in Table 1. The results in Table 1 indicate that parameter
optimization using GA improved topic modeling quality. Topic coherence increased by approximately
48.0%, indicating enhanced semantic consistency among documents within each topic. In addition, the
outlier ratio decreased by approximately 35.8%, demonstrating improved model capability in clustering

Int J Artif Intell, Vol. 15, No. 4, August 2026: 3818-3826



Int J Artif Intell ISSN: 2252-8938 O 3821

documents into more representative groups. The reduction in the number of topics from 46 to 10 also
produced a more compact and stable topic structure. Although a slight decrease in topic diversity was
observed, the value remained within a high range, suggesting that the trade-off for improved coherence was
still acceptable. The GA optimization process identified an optimal parameter combination consisting of
n_neighbors = 12, min_cluster size = 15, and min_samples = 1. This parameter configuration produced the
highest fitness score by improving semantic coherence while reducing topic fragmentation and clustering
outliers in the short-text grey literature dataset.

Table 1. Performance comparison between baseline BERTopic and GA-Optimized BERTopic

Metric Baseline GA
Topic coherence 0.367 0.543
Topic diversity ~1.000 ~0.988
Outlier ratio 21.12%  13.55%
Number of topics 46 10

3.2. Topic structure of genetic algorithm-optimized BERTopic

The semantic relationships among the topics generated by the GA-optimized BERTopic model were
visualized using an intertopic distance map, as presented in Figure 2. The map was used to examine the
relative semantic proximity and separation among the topics identified by the optimized model. As shown in
Figure 2, the GA-optimized BERTopic model generated ten main topics, labeled TO-T9. Documents
assigned to topic —1 were classified as outliers and were therefore excluded from the visualization. The map
shows that several topics are positioned in close semantic proximity, indicating that they share related
thematic content, whereas other topics occupy more distant positions and therefore exhibit relatively
distinctive semantic characteristics.
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Figure 2. Intertopic distance map of the GA-optimized BERtopic model

The distribution presented in Figure 2 suggests that the GA-based optimization produced a compact
topic structure with manageable semantic separation. The relatively close positioning of several topics should
not necessarily be interpreted as poor clustering performance, because the institutional research corpus
contains multidisciplinary themes that may naturally share related terminology and contextual characteristics.
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At the same time, the more distant positions of several topics indicate the presence of themes with more
distinctive semantic structures.

Overall, the optimized model reduced excessive topic fragmentation and produced a more
interpretable structure consisting of ten main topics. The identified themes include higher education, religious
moderation, social development, Islamic counseling, halal tourism, sharia banking, and several technical and
legal domains. These findings indicate that the institutional grey literature corpus reflects multidisciplinary
research trends with varying degrees of semantic interrelationship.

To strengthen the interpretation of the topic structure, the representative terms associated with the
selected topics were further examined using c-TF-IDF scores. The distribution of the representative topic
words is presented in Figure 3. The representative words with the highest c-TF-IDF scores across the ten
topics generated by the GA-optimized BERTopic model. These terms characterize the semantic content of
each topic and facilitate topic interpretation. The extracted keywords indicate that the model captured major
themes related to higher education, religious moderation, Islamic counseling, halal tourism, sharia banking,
machine learning, and other interdisciplinary research domains. Overall, the c-TF-IDF representations
demonstrate that the optimized model produced semantically meaningful and distinguishable topic structures
within the institutional research corpus.

TO - Higher Education T1 - Religious Moderation T2 - Islamic Counseling T3 - Halal Tourism T4 - Sharia Banking

education 0.096  moderation counseling halal sharia

university religion islamic tourism banking
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machine learning technology language 0.080 community environment

classification digital english social sustainability

prediction information learning development management

model system students empowerment climate

algorithm development teaching program conservation

0.00 005 0.10 0.15 0.00 0.05 0.10 0.15 0.00 005 0.10 0.15 0.00 005 0.10 0.15 000 0.05 010 0.15
¢-TF-IDF score ¢-TF-IDF score ¢-TE-IDF score ¢-TF-IDF score c-TF-IDF score

Figure 3. Representative topic word scores based on c-TF-IDF representation

3.3. Shapley additive explanations-based theme importance analysis

To improve model interpretability, this study applied SHAP to estimate the contribution of bigram
features to the prediction of topic labels generated by the GA-optimized BERTopic model through a
surrogate classifier. Figure 4 shows that higher education had the highest contribution, with a mean absolute
SHAP value of approximately 0.044, followed by religious moderation and Islamic counseling. The
dominance of these themes indicates that education- and religion-related issues played a major role in the
semantic structure identified within the institutional grey literature corpus. Other influential bigram features
included halal tourism, early childhood, sharia banking, machine learning, community development,
public policy, artificial intelligence, and deep learning. The presence of these features reflects the
interdisciplinary nature of the dataset, encompassing educational, religious, social, economic, policy, and
technological domains.

The comparatively low contribution of convolutional neural network (CNN) algorithm suggests that
this feature had only a limited influence on the surrogate model’s prediction of BERTopic-generated topic
labels. Its appearance may indicate residual semantic noise or a highly specific technical expression
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occurring in a relatively small subset of documents. Overall, the SHAP analysis provides a more transparent
interpretation of the features associated with the topic-label predictions and strengthens the explainability of
the GA-optimized BERTopic framework.

higher education 0.044
religious moderation
islamic counseling
halal tourism

early childhood
sharia banking

machine learning

Bigram Theme

community development
public policy
artificial intelligence

deep learning

cnn algorithm 0.009

0.00 0.01 0.02 0.03 0.04 0.05
Mean |SHAP value|

Figure 4. SHAP bigram theme importance for the GA-optimized BERtopic model

3.4. Discussion

The findings demonstrate that optimizing UMAP and HDBSCAN parameters using a GA improved
topic modeling quality in grey literature datasets consisting of institutional research grant titles. Topic
coherence increased from 0.367 to 0.543, while the outlier ratio decreased from 21.12% to 13.55%,
indicating that the optimization process successfully generated a more stable and representative clustering
structure compared to the baseline BERTopic model. These findings suggest that parameter configuration
significantly influences semantic representation quality in BERTopic, particularly for short-text datasets
characterized by high sparsity and imbalanced topic distributions [20], [21].

The reduction in the number of topics from 46 to 10 indicates that GA-based optimization
successfully reduced excessive topic fragmentation while improving semantic consistency among documents.
In short-text topic modeling, topic fragmentation frequently occurs due to limited linguistic context within
each document, making semantic relationships between texts more difficult to preserve [21]. Compared
conceptually with conventional probabilistic topic modeling approaches such as latent Dirichlet allocation
(LDA) and embedding-based methods such as Top2Vec, the proposed approach produced more compact and
interpretable topic representations through the integration of transformer embeddings and evolutionary
computation-based optimization [23]. These findings suggest that transformer embeddings combined with
evolutionary optimization may improve semantic consistency and clustering stability in short-text grey
literature datasets compared to approaches without parameter optimization.

The intertopic distance map visualization in Figure 2 shows that most topics exhibit relatively good
semantic separation with minimal overlap between clusters. These results indicate that GA-based
optimization of UMAP and HDBSCAN parameters effectively preserved the semantic structure of document
embeddings. These findings are consistent with previous studies stating that clustering quality in BERTopic
is highly influenced by dimensionality reduction configuration and document embedding distribution [20], [22].

In addition to improving clustering quality, this study also demonstrates that the SHAP approach
enhanced BERTopic model transparency by identifying the contribution of bigram features to topic
formation. The dominance of themes such as higher education, religious moderation, and Islamic counseling
indicates that the model successfully captured the primary semantic structures within the institutional
research grant dataset. These findings suggest that educational and religious moderation issues remain
dominant themes in the development of institutional research within grey literature. Furthermore, the
emergence of multidisciplinary themes such as halal tourism, sharia banking, and machine learning indicates
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that institutional research topics are no longer confined to a single domain, but have evolved toward the
integration of educational, social, economic, and technological issues. These findings are consistent with
previous studies reporting that BERTopic and transformer-based topic modeling approaches are effective in
extracting semantically coherent topics from unstructured and short-text datasets across diverse application
domains, including social media, public discourse, healthcare, and religious studies [4], [19], [23]-[26].

Nevertheless, several low-contribution bigrams such as CNN algorithm and best palm still appeared
in the SHAP results. The presence of these features indicates residual semantic noise in certain documents
caused by terminology variation and the limited context of short texts. However, the influence of these
features was relatively minor compared to the dominant themes and therefore did not significantly affect the
overall topic structure. This condition demonstrates that GA-based optimization improved model stability
without eliminating thematic diversity within the dataset. Overall, the integration of GA-based
hyperparameter optimization and SHAP-based interpretability provides a methodological contribution to the
development of semantic topic modeling for short-text grey literature datasets. The proposed approach not
only improved topic representation quality but also produced more transparent and interpretable model
explanations for institutional research trend analysis.

Despite the promising results, this study has several limitations. First, the proposed framework was
evaluated only on a single institutional short-text grey literature dataset consisting of research grant titles.
Second, direct experimental benchmarking against other topic modeling approaches such as LDA and
Top2Vec was not conducted. Third, stakeholder-based qualitative validation was not included because the
study primarily focused on quantitative evaluation metrics and semantic interpretability. Future studies may
address these limitations through cross-dataset evaluation, multilingual corpora, full-text document analysis,
and integration with large language models (LLMs) to further improve semantic topic representation and
model generalizability.

4. CONCLUSION

This study proposed a BERTopic approach optimized using a GA and interpreted using SHAP for
trend analysis on institutional short-text grey literature. The experimental results demonstrate that
optimizing UMAP and HDBSCAN parameters using GA significantly improved topic modeling quality.
Topic coherence increased from 0.367 to 0.543, while the outlier ratio decreased from 21.12% to 13.55%.
In addition, the number of topics was reduced from 46 to 10, resulting in a more compact, stable,
and semantically interpretable topic structure. The visualization of the intertopic distance map and
c-TF-IDF-based word distributions showed that the model was capable of capturing semantic relationships
among topics with good separability. The dominant themes identified included higher education, religious
moderation, Islamic counseling, halal tourism, and sharia banking, reflecting the development of
multidisciplinary themes in institutional research. SHAP-based analysis also demonstrated that bigram
features contributed to the surrogate model’s prediction of BERTopic-generated topic labels, thereby
improving model transparency and interpretability. Overall, the integration of GA-based hyperparameter
optimization and SHAP-based interpretability provides a methodological contribution to the development
of semantic topic modeling for short-text grey literature datasets. The proposed approach not only
improves topic representation quality but also produces more transparent interpretations in institutional
research trend analysis. Future studies may extend this approach to multilingual datasets, full-text
documents, or integration with LLMs to further enhance semantic representation quality in a more
comprehensive manner.
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