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Abstract 

The computerized examination of the feelings and evaluations of individuals concerning an entity 

or product is known as sentiment analysis, and it is carried out at the document, sentence, phrase, 

and function ranges. This method is used to accumulate customer remarks on quite a few products 

and services. Aspect-primarily based sentiment detection equipment deal with the opinions of 

customers regarding particular product capabilities. Nevertheless, the presentation of these 

outcomes in a manner this is each effective and concise is a hard project due to the numerous 

capabilities that a product may additionally possess. 

A quintessential part of Natural Language Processing (NLP), Sentiment Analysis (SA) makes it 

feasible to decipher the emotions expressed through humans in written words. Combining BERT 

with ontology-based totally sentiment evaluation is the focal point of this look at's investigation right 

into a hybrid technique. We advocate a combined device that makes use of BERT to supply better 

contextual facts and ontologies as structured lexicons for issue-based totally sentiment evaluation. 

By combining the electricity of BERT with the advantages of ontology-based strategies, we need to 

improve sentiment evaluation accuracy and offer more nuanced insights on person evaluations.  

Keywords: Ontology, Sentiment Analysis, BERT, Natural Language Processing. 

1 Introduction  

The Web offers a sizeable virtual platform for purchasers to articulate and make a contribution their 

thoughts and research. Social media has emerged as the number one platform for applications consisting 

of e-getting to know, e-trade, and politics (Birjali et al., 2021). The proliferation of on line content 

material period makes the extraction of precious records extra hard. Sentiment analysis, often referred 

to as opinion mining, is a type of text mining that relies on Machine Learning (ML) and Natural 

 

Journal of Internet Services and Information Security (JISIS), volume: 15, number: 1 (February), pp. 236-256. 

DOI: 10.58346/JISIS.2025.I1.015 

*Corresponding author: Assistant Professor, Software Engineering, Philadelphia University, Amman, Jordan. 

https://orcid.org/0009-0000-9248-7423
https://orcid.org/0009-0002-8168-2455
https://orcid.org/0009-0005-7252-7105
mailto:fshimat@philadelphia.edu.jo


Enhanced Sentiment Classification through Ontology-

Based Sentiment Analysis with BERT 

                           Dr. Mohammad Mustafa Taye et al. 

 

237 

Language Processing (NLP) strategies to research subjective writings. The look at scope in this domain 

is expanding rapidly (Moses et al., 2022). 

Since they shape the basis of choice-making, sentiments are vital for stakeholders. Since sentiment 

analysis of unstructured texts is notoriously tough to do, scientists have been searching into opinion 

mining techniques primarily based on semantics, namely ontology (Dang et al., 2020). By creating a 

standardized linguistic lexicon, ontology promotes a common knowledge of a subject through the 

methodical and obvious elaboration of thoughts within a discourse domain, established in a taxonomic 

hierarchy. 

To determine the expressed sentiment and classify it as positive, negative, or neutral, Sentiment 

Analysis (SA) uses subjective metrics derived from textual data (Ismail, 2024). The use of dictionaries 

and lexicons with predefined sentiment ratings for words was key to traditional sentiment analysis 

approaches. Machine learning methods, especially BERT, have recently revolutionized sentiment 

analysis by enhancing accuracy and capturing contextual subtleties (Taye, 2023; Taye et al., 2023). 

Lexicon-based and machine gaining knowledge of tactics in sentiment evaluation divulge essentially 

one-of-a-kind methods and consequences for accuracy and context understanding (Birjali et al., 2017). 

Often failing to take complex meanings that rise up in extraordinary contexts, lexicon-primarily based 

methods depend upon predetermined lists of sentiment terms and basically seize emotion polarity 

through easy matching towards a fixed of expressions (Cambria et al., 2017). This method wishes great 

hand updates to remain relevant in dynamic fields and often suffers with implicit sentiment. On the 

alternative hand, system gaining knowledge (Su et al., 2023) of strategies use large datasets to study 

nuances and semantics in context, especially people who have benefited from new technologies like 

BERT. This leads to higher performance in factor-based totally sentiment categorization, as seen in 

ontology-pushed analyses (Kul & Upadhyaya, 2015). This flexibility enables system mastering fashions 

to grow with exposure to various facts, as a result resolving constraints inherent in lexicon-based 

frameworks, particularly in tough fields like healthcare or product critiques (Ali et al., 2021). 

Sentiment Analysis (SA) is the computer examination of individuals' ideas, sentiments, emotions, 

and attitudes. Opinions are often articulated in remarks (i.e., textual descriptions) via things and their 

attributes or characteristics (Wankhade et al., 2022). SA encompasses research in Data Mining (Gupta 

& Chandra, 2020), Computational Linguistics (Peters et al., 2018), Information Retrieval (Schiessl & 

Bräscher, 2017), Artificial Intelligence (Trisna & Jie, 2022), and NLP.  

Three specific degrees of sentiment analysis—document, sentence, and entity or issue—were 

investigated. The number one goal is to decide whether or not, at the file degree, a complete painting 

offers an awesome or poor view. Aiming at the word degree, sentiment analysis seeks to discover the 

sentiment contained in each sentence and classify it as impartial, effective, or negative. A more detailed 

comprehension of the sentiment within the text is achieved through this level of analysis, which captures 

the variations in tone that occur throughout the document. The third level, entity or aspect level, explores 

the sentiment directed toward specific entities or aspects within the text, focusing on the specific 

opinions conveyed (Wankhade et al., 2022).  

When tackling the hassle of opinion mining, (Sonia, 2020) the procedure may be commonly divided 

into 3 middle obligations. The first undertaking is characteristic extraction, in which the relevant 

functions or aspects of the textual content are diagnosed for further evaluation. The 2nd mission involves 

defining the semantic orientation, which determines whether or not the extracted capabilities explicit an 

effective or bad sentiment. Finally, the consequences are summarized, supplying an standard assessment 

of the emotions expressed inside the text, either at the document, sentence, or entity degree (Rahmani et 
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al., 2015). These duties together shape the foundation of effective sentiment analysis, allowing a based 

and systematic approach to understanding opinions in text (Tamannaeifar et al., 2015). 

The semantic web represents a logical progression of the World Wide Web, aimed at improving the 

system's intelligibility (Taye et al., 2024). Ontology is a foundational semantic framework frequently 

employed for documentation inside the semantic community. It permits communication among 

individuals and merchants, defines area theories for the particular illustration of file semantics, and 

complements on-line interoperability (Siddiqui et al., 2019). Ontologies delineate and tremendously 

model domain understanding, utilized throughout numerous fields which includes semantic networks, 

synthetic intelligence, structures engineering, records structure, corporation bookmarking, and 

biomedical informatics. Ontology is important in text mining packages, including text clustering, 

categorization, and summarization (Taye, 2010). 

Ontology plays a important role in sentiment analysis studies, typically serving two key obligations: 

lexicon introduction and thing (feature) extraction (Arp et al., 2016). Researchers in sentiment analysis 

often flip to ontology-based processes as a means of representing a commonplace-experience expertise 

base (Ahmad et al., 2019). One notable instance of this type of aid is SenticNet, it's a concept-based 

absolutely resource containing five,732 single and multi-phrase principles, each assigned polarity ratings 

ranging from –1 to 1. The software program of ontology in text mining has yielded giant results, 

demonstrating its effectiveness in enhancing the accuracy and depth of sentiment analysis (Cambria et 

al., 2014). 

Due to developments in network technologies, many customers increasingly disseminate their 

reviews on social media channels. Considering the pivotal importance of customer assessments in 

influencing a product's industrial performance, social media has turn out to be an important device for 

harnessing digital phrase-of-mouth. Consequently, sentiment evaluation has attracted massive interest, 

notwithstanding the existing constraints associated with its implementation (Prabhu et al., 2024).  

The sentiment evaluation technique is a multi-step technique that begins with Aspect-Opinion 

Detection, wherein the point of interest is on extracting the specific product features mentioned via 

clients and figuring out their attitudes in the direction of those capabilities. Following this, Polarity 

Determination takes area, in which the evaluations which have been mined are classified as either superb, 

negative, or neutral (Alfonso & Sardinha, 2016). Finally, the process concludes with Result Aggregation 

and Presentation, wherein the accumulated effects are summarized and supplied to the quit user within 

the form of a sentiment precis (Salas-Zárate et al., 2017). 

Web-primarily based reviews are available two forms: established and unstructured. Structured 

opinions typically listing the pros and cons, providing a clear and organized presentation of opinions. In 

evaluation, unstructured opinions are written in herbal language, frequently along with informal 

expressions and doubtlessly untruthful phrases (Bilal et al., 2024). Sentiment analysis operates 

throughout three wonderful levels. At the Document or Review Level, the entire evaluate is taken into 

consideration a supply of opinions on a single entity, with the goal of classifying it as either 

advantageous or bad. At the Sentence or Phrase Level, every sentence is dealt with as an individual 

opinion, and it is labeled as wonderful or terrible. Finally, the Feature Level evaluation, that's specially 

valuable for choice-making, delves into particular product features to provide greater specific insights 

(Gong et al., 2022). 

To get across the troubles with the way subjects are performed now, this paper shows a modern day 

framework that mixes ontology-primarily based sentiment analysis with BERT (Bidirectional Encoder 

Representations from Transformers) (Devlin et al., 2019). Ontology we could one become aware of and 
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companion specific traits of merchandise in a methodical manner, consequently enabling a more actual 

take a look at of patron views. BERT, meantime, improves the context focus in textual statistics so 

discriminating between feelings linked to distinct elements. Combining those processes appears to 

remedy some of the troubles with sentiment analysis, which include processing the intricacies of 

language and disambiguating interpretations. Therefore, this work seeks to expose how the aggregate of 

superior transformer fashions and ontological frameworks can notably enhance sentiment category 

accuracy and importance. The goal of the paintings is to create a effective analytical tool that no longer 

most effective correctly extracts sentiment but additionally suits insights with feature-precise sentiment 

scores. This will be executed via putting critical thoughts into an ontology and making use of BERT's 

strong contextual recognition. Combining these technologies presents a revolutionary way to understand 

client attitude in a marketplace this is turning into increasingly statistics-pushed. It also opens new paths 

for each instructional studies and beneficial software (Munikar et al., 2019). 

The aim of this studies is to have a look at how combining ontology-based sentiment evaluation with 

BERT must make sentiment elegance extra accurate and in-intensity in a number of superb regions. 

Main attention of this investigation are numerous research questions: First, how might also ontology 

frameworks have an effect on the efficiency of sentiment analysis in obtaining complicated viewpoints 

concerning particular product functions?  What enhancements may be made in sentiment category 

metrics whilst the usage of BERTs contextual embeddings together with dependent area knowledge?  

Moreover, this observe objectives to analyze the relevance of this included framework in numerous 

settings, mainly in fields missing thorough sentiment lexicons. These goals form the idea for a complete 

evaluation and contrast of contemporary techniques with the cautioned hybrid model. This can have an 

impact on herbal language processing methods for sentiment analysis. 

2 Background 

1) Natural Language Processing (NLP)  

Natural language processing (NLP) relies upon more on client sentiment than ever because it immediately 

impacts advertising and marketing campaigns, product improvement, and company techniques. 

Sentiment analysis gives practical insights into consumer attitudes and preferences via doing away with 

subjective judgments from massive databases, consequently enhancing selection-making processes. 

Combining present day technology like ontology-based techniques with BERT presents an extra complex 

view of sentiment that lets one study unique products or services features at outstanding element. In the 

competitive markets of nowadays, wherein brief reaction to purchaser feedback can set a hit group aside 

from their rivals, such granularity is sincerely essential (Taye, 2023). Furthermore, using sentiment 

analysis in several spheres—from product evaluations to social media tracking—showcases its 

adaptability and influence in forming patron experiences (Acheampong et al., 2021). The value of strong 

sentiment evaluation structures is rising as NLP develops and calls for consistent research and 

improvement of contemporary fashions. 

2) Sentiment Analysis's Ontological Overview 

Including ontology into sentiment evaluation greatly improves the accuracy and granularity of the 

insights drawn from textual input. Ontologies assist discover and institution complicated sentiment 

expressions related to specific product or service attributes via using established know-how 

representations. This gets around the troubles with conventional lexicon-primarily based strategies 

(Zehra et al., 2017). Furthermore, using domain-precise ontologies allows to extract contextually 
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relevant features, for this reason allowing extra specific sentiment evaluation. This technique 

additionally includes sentiment lexicons catered for specific sectors, which can be surely critical for 

taking pictures the sort of mind voiced by way of purchasers (Abhilash & Mahesh, 2021). Semantic 

technologies together offer a robust framework for handling complexity inclusive of negation and 

implicit sentiment, which might be every now and then disregarded in conventional fashions. In the give 

up, ontology-pushed sentiment analysis no longer most effective enhances classification overall 

performance however also fits extra intently with person intentions, so strengthening the entire expertise 

of purchaser sentiment (Zehra et al., 2017). 

Incorporating ontologies into sentiment evaluation substantially enhances the accuracy and 

granularity of insights derived from textual statistics (aboelela et al., 2021). Ontologies, via dependent 

expertise representations, allow the identification and class of sentiment related to precise attributes of 

products or services. This method addresses the limitations of conventional lexicon-based methods, 

which frequently warfare with the complexity of sentiment expressions. 

Advantages of Using Ontologies (Taye, 2010) 

Improved Accuracy and Granularity: Ontologies facilitate the grouping and analysis of complicated 

sentiment expressions with the aid of offering a based framework for knowledge domain-unique ideas 

and relationships. 

Contextual Relevance: Domain-particular ontologies assist in extracting contextually pertinent 

features, main to more precise sentiment critiques. This is especially important for capturing nuanced 

consumer reviews that frequent lexicons might also forget. 

Enhanced Handling of Complexity: Ontologies can efficiently manipulate demanding situations 

along with negation and implicit sentiment, which can be regularly inadequately addressed by way of 

traditional sentiment evaluation fashions. 

Sector-Specific Lexicons: The integration of sentiment lexicons tailor-made to precise sectors in 

addition enriches the evaluation with the aid of shooting the various variety of client sentiments more 

appropriately. 

By leveraging those strengths, ontology-driven sentiment evaluation not best improves category 

performance but additionally aligns extra closely with consumer intentions, thereby providing a greater 

complete knowledge of consumer sentiment. 

An ontology is a formal depiction of understanding internal a domain, such as standards, 

relationships, and entities. Domain-precise data, consisting of non-public critiques or social media 

content material, helps the improvement of ontologies. In the domain of training, an ontology may 

additionally encompass ideas including `School`, `Branch`, `Location`, and `Gender Orientation`. 

Ontologies direct the identity and categorization of components or variables in literature. Inn 

criticisms might also encompass features along with `Service`, `Room Quality`, and `Location`. The 

lifestyles of terms or additives in the ontology dictates the assigned sentiment ratings, which can be 

predetermined. String-matching techniques allow the alignment of terms within the textual content with 

those inside the ontology. 

However, ontologies might also discover it challenging to specific the complex meanings of phrases 

in some contexts. Manually developing and retaining ontologies may be onerous and may overlook 

certain domain-particular factors. 
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Semantic Role Labeling (SRL): Utilize SRL to check the jobs that words carry out within a sentence. 

This allows the correct understanding of statements in specific contexts. 

Contextual Embeddings: Employ embeddings from models like BERT, which can be engineered to 

recognize the contextual relevance of phrases within a sentence. 

Ontology enrichment through term sense disambiguation (WSD): Utilize WSD methodologies to 

decide the correct meaning of a time period primarily based on its contextual utilization. 

BERT for Sentiment Analysis 

BERT employs bidirectional attention approaches to discern the context of phrases interior a sentence. 

Its tactics the complete word immediately in preference to in a left-to-proper or proper-to-left way. 

BERT is pre-trained on substantial corpora and nicely optimized for positive obligations, consisting of 

sentiment evaluation (Azhar & Khodra, 2020). 

BERT comprehensively captures the contextual significance of sentences, as a result enhancing the 

precision of sentiment evaluation. It may be optimally super-tuned on sentiment-categorized datasets to 

beautify well-known overall performance in effective domains. BERT's contextual information regularly 

results in superior accuracy relative to traditional strategies and can be custom designed for one-of-a-

kind domains with the aid of great-tuning the usage of applicable datasets (Sun et al., 2019). 

The emergence of Transformer fashions, like as BERT and its variations, has markedly progressed 

NLP jobs. Transformers rectify the inefficiencies of LSTMs, which perform sequentially, thru using 

positional encoding for simultaneous facts processing and a multi-head self-interest mechanism to 

determine crucial facts elements. Utilizing a entire pre-schooling methodology, every word is augmented 

with good sized records, allowing fashions like as BERT and a Robustly Optimized BERT Pretraining 

Approach to achieve advanced overall performance in numerous NLP duties. These fashions rent 

bidirectional pre-training and an augmented parameter be counted to beautify standard performance 

(Jang et al., 2020). 

Bidirectional Encoder Representations from Transformers (BERT) is extensively employed in many 

natural language processing (NLP) obligations, such as named entity recognition and sentiment 

evaluation. BERT has catalyzed the introduction of numerous state-of-the-art language models because 

of its ability for bidirectional context analysis. The BERT technique evaluates context bidirectionally, 

enabling it to enhance its expertise by way of comprehensive pre-education on giant corpora. During the 

tremendous-tuning section, the core layers of BERT hold their generalization capability, however the 

outer layers adapt dynamically to unique obligations, ensuing in specialized fashions (Devlin et al., 

2019). 

A notable benefit of transformer models, like BERT, is their capacity to be taught through self-

supervised or unsupervised techniques. BERT undergoes large education on big volumes of unlabeled 

textual content through protecting segments and predicting the deleted regions. BERT adjusts its 

parameters based at the precision of its predictions, figuring out statistical correlations between phrases 

in numerous contexts through this recurrent mechanism. Subsequent to pre-training, BERT may be 

efficiently fine-tuned for certain responsibilities such as query answering, textual content 

summarization, or sentiment evaluation using a constrained variety of categorised samples (Talaat, 

2023). 

Incorporate ontology-based sentiment classification with BERT's contextual embeddings. Ontologies 

offer organized subject knowledge, but BERT enhances contextual comprehension. The procedure 

includes: 



Enhanced Sentiment Classification through Ontology-

Based Sentiment Analysis with BERT 

                           Dr. Mohammad Mustafa Taye et al. 

 

242 

Utilizing ontology to discover additives or matters inside the textual content. 

Utilizing BERT to examine contextual meanings and decorate sentiment opinions for recognized 

traits. 

Consolidating sentiment scores from each the ontology and BERT outputs to provide a complete 

sentiment categorization. 

Combining ontology with BERT marks a main development in the direction of improving sentiment 

analysis's overall performance. Accurate interpretation of complicated feelings supplied in many 

situations relies upon on a disciplined framework that captures domain-unique knowledge and 

interactions among ideas—which ontologies offer. Using BERTs contextual information, this 

integration we could sentiment evaluation pass beyond conventional approaches—that can lack semantic 

interpretation intensity. Previous research, for example, display that the usage of ontologies alongside 

advanced models like BERT can extensively increase accuracy considering the fact that BERTs 

bidirectional interest mechanism detects subtle relationships in the textual content.  Thus, together with 

ontology improves now not best the analytical capability of BERT however additionally the category 

accuracy, thereby remodeling the field of sentiment analysis. 

3 Related Work 

Using ontology information to find important patterns in RDF (Resource Description Framework) 

data leads to better results than traditional data mining methods that look at each individual case 

separately. This method helps to better understand the relationships and ideas in the data (Abhilash & 

Mahesh, 2022). Ontologies provide a framework that helps us understand the relationships between 

different things and gives more meaning to the patterns we see (Ciotti & Tomasi, 2016). Ontology 

knowledge provides clearer and more relevant insights by looking at both data points and how they are 

connected. This is better than instance-level data mining, which only studies individual data points 

without considering how they fit into a larger structure (Su et al., 2023). 

Recent enhancements in records mining display that the use of ontology know-how enables us higher 

apprehend the meanings and relationships among distinct pieces of statistics. This significantly 

complements facts mining outcomes as compared to older strategies that only study unmarried 

information factors. A huge hassle is as it should be measuring how essential the regulations we make 

are in terms of that means. This way you need to look how information things are related and determine 

out how essential they're in their context. 

Researchers have tackled this issue by using BERT fashions. These fashions use a special structure 

known as transformer to recognize the deep which means and links between words and sentences in real 

language (Abas et al., 2020). Adding these fashions to the rule-making method enables as it should be 

measure how important the policies are based on each widespread principles and particular examples. 

Reviews have proven that the rules created via BERT fashions suit well with what professionals assume. 

This shows that the models are proper at figuring out how essential the policies are in which means. 

In the study by (Yang et al., 2016), adjectives are viewed as words that express opinions, and nouns 

and noun pairs are seen as traits of products. Each word's part of speech and the connections between 

words in a sentence are determined by syntactic parsers and Stanford dependency parsers. SentiWordnet 

assists in determining whether an opinion word has a positive or negative meaning. Wordnet offers 

synonyms for opinion terms that SentiWordnet does not have. (Peñalver-Martinez et al., 2014) used a 

semantic ontology method to improve the efficiency of extracting features and used vector analysis 

techniques to analyze the mood of movie reviews. 
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Using ontology knowledge in data mining has greatly improved our ability to understand the meaning 

and relationships between different pieces of data compared to older methods. Measuring how important 

the rules are in terms of meaning is still a big problem. Researchers have used BERT models to solve 

this challenge, using their transformer architecture to store intricate semantic linkages in natural 

language, resulting in exact rule measurement and successful mood analysis. 

The Literature Study has Discerned the following Deficiencies 

Inadequate use of ontology-pushed methodologies along side sophisticated models to derive significant 

and semantically wealthy policies from big datasets. 

Restricted use of BERT models to assess the pertinence and appeal of guidelines in data mining. 

Limitations on the usage of frameworks the usage of ontology-based methodologies and BERT 

models for the extraction of sizable and semantically wealthy rules from significant datasets. 

4 Detailed Description of the Proposed Approach 

This inspiration gives a sophisticated approach for advancing sentiment evaluation through combining 

ontology-primarily based techniques with Bidirectional Encoder Representations from Transformers 

(BERT). This hybrid approach leverages the dependent information representation inherent in ontologies 

and BERT’s advanced contextual information to extra efficiently navigate the complexities of human 

language than traditional fashions see figure 1. 

1. Ontology Construction and Dictionary Creation  

 

 

2. Sentiment Analysis Using the Ontology 

 

 

3. Applying BERT for Enhanced Sentiment Analysis 

1. Extracting Aspect Terms 

   - Aspect Identification 

   - Text Pre-processing 
2. Aspect-Based Sentiment Scoring 

   - String Matching 
   - Sentiment Calculation 

3. Storing Sentiment Scores 

   - Integration 
   - Data Management 

1. Building the Ontology 

   - Domain Selection 

   - Scope Definition 

   - Ontology Design 
   - Ontology Construction 

   - Validation and Refinement 
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4. User Interface and Querying 

 

 

5. Evaluation 

 

Figure 1: The Proposed Approach 

Ontology Construction  

The first section entails the thorough creation of the ontology. This process begins with area selection 

and scope definition, in which an appropriate domain, such as educational institutions or hotel services, 

is chosen. The ontology's scope is defined to include all relevant features in this topic. A rigorous 

requirement analysis is carried out to identify the core concepts, entities, and connections required for 

accurate sentiment assessment inside the given domain (see Algorithm (1)). 

1. Evaluation Metrics 

   - Performance Metrics 
   - User Feedback 

1. Designing the User Interface 

   - Interface Design 

   - Visualization 

2. Querying the Ontology 

   - SPARQL Queries 

   - Query Processing 

3. Generating Recommendations 

   - Comparison and Ranking 

   - User Feedback 

1. Data Preparation for BERT 

   - Dataset Preparation 
   - Text Pre-processing 

2. Fine-Tuning BERT 

   - Training Setup 
   - Training Process 

3. Sentiment Prediction with BERT 

   - Contextual Embeddings 
   - Classification Layer 

4. Integration with Ontology 

   - Score Aggregation 
   - Refinement 



Enhanced Sentiment Classification through Ontology-

Based Sentiment Analysis with BERT 

                           Dr. Mohammad Mustafa Taye et al. 

 

245 

Algorithm 1: Pseudocode for Ontology Construction  

BEGIN Ontology_Construction_And_Dictionary_Creation 

    // 1.1 Building the Ontology 

    FUNCTION Build_Ontology() 

        // Step 1: Domain Selection and Scope Definition 

        OUTPUT "Select the domain of interest (e.g., educational 

institutions)" 

        INPUT Domain       

        OUTPUT "Define the scope of the ontology" 

        INPUT Scope 

           OUTPUT "Conduct a requirement analysis to identify key concepts 

and relationships" 

        PERFORM Requirement_Analysis(Domain, Scope) 

        // Step 2: Ontology Design 

        OUTPUT "Define primary concepts and their hierarchical 

relationships" 

        DEFINE Concepts_And_Hierarchies(Domain) 

         

        OUTPUT "Specify attributes and relationships between concepts" 

        SPECIFY Properties_And_Relationships(Domain)     

        // Step 3: Ontology Construction 

        OUTPUT "Choose a modeling tool (e.g., Protégé)" 

        INPUT Modeling_Tool       

        OUTPUT "Manually enter concepts, properties, and relationships 

into the tool"      

MANUALLY_Enter_Concepts_Properties_Relationships(Modeling_Tool)     

        // Step 4: Validation and Refinement 

        OUTPUT "Perform consistency checks to identify and resolve 

contradictions" 

        PERFORM Consistency_Checks(Modeling_Tool)        

        OUTPUT "Engage domain experts for review" 

        INPUT Domain_Experts 

            OUTPUT "Adjust ontology based on feedback from domain 

experts" 

        ADJUST_Ontology_Based_On_Expert_Feedback(Domain_Experts)   

    END FUNCTION 

END Ontology_Construction_And_Dictionary_Creation 
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Ontology Design 

In the ontology design segment, the number one concepts and their hierarchical relationships are 

described. For instance, within the instructional domain, principles like ̀ School`, ̀ Branch`, ̀ Service`, and 

`Facility` are installed, together with their attributes and interrelationships, consisting of `hasBranch` and 

`locatedIn`. Attributes for each idea, along with `region`, `type`, and `provider excellent`, are certain to 

accurately replicate the area’s shape and traits. 

Ontology Construction 

The ontology creation method utilizes modeling gear inclusive of Protégé. Concepts, residences, and 

relationships are manually entered into the ontology version, developing an in depth and based 

representation of the domain. This step includes the careful guide enter of instructions and their 

interrelations to ensure completeness and accuracy. 

Validation and Refinement 

To ensure the ontology’s reliability, validation and refinement are crucial. This includes performing 

consistency assessments the usage of reasoning equipment to perceive and rectify any contradictions or 

inconsistencies. Domain experts are then engaged to study the ontology, verifying that it accurately 

displays the domain’s necessities and provides applicable and precise statistics. Their feedback is used to 

make essential adjustments and enhancements 

Sentiment Analysis Using the Ontology 

Extracting Aspect Terms 

The sentiment evaluation section begins with extracting issue terms from the text, leveraging the ontology 

to become aware of applicable factors. The text information undergoes pre-processing to take away 

punctuation, special characters, and inappropriate data, which facilitates the accurate identity of issue 

phrases. 

Aspect-Based Sentiment Scoring 

In issue-based totally sentiment scoring, textual content segments are matched with issue phrases from 

the ontology, and initial sentiment scores are assigned. These rankings are refined the use of predefined 

regulations or sentiment dictionaries, taking into consideration the context provided by the ontology to 

make sure an correct sentiment evaluation. 

Storing Sentiment Scores 

The sentiment ratings are then incorporated lower back into the ontology, ensuring that it reflects up to 

date sentiment facts. Ongoing records control involves constantly updating the ontology with new 

sentiment ratings as extra opinions or records are processed, keeping an up-to-date illustration of 

sentiment. 
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Applying BERT for Enhanced Sentiment Analysis 

Data Preparation for BERT 

Data guidance for BERT includes developing a domain-unique categorised sentiment dataset, tailor-made 

to reflect the nuances of the target domain. Text records is pre-processed and tokenized to fulfill BERT's 

layout requirements, ensuring effective version schooling. 

Fine-Tuning BERT 

Fine-tuning BERT entails configuring the training environment, which includes the choice of 

hyperparameters, to optimize the model for sentiment prediction. The model is skilled at the prepared 

dataset, with modifications made to beautify its performance in expertise and predicting sentiment based 

on contextual embeddings. 

Sentiment Prediction with BERT 

Using BERT, contextual embeddings are generated for each textual content sample, shooting nuanced 

sentiment expressions. A class layer is implemented to these embeddings to predict sentiment labels, 

substantially enhancing class accuracy compared to conventional strategies. 

Integration with Ontology 

The very last step includes integrating BERT’s outcomes with ontology-based sentiment evaluation. 

Sentiment scores from BERT and those derived from the ontology are combined using techniques such 

as weighted averaging or ensemble getting to know. This integration refines the sentiment classification 

by leveraging both the contextual data from BERT and the dependent understanding from the ontology. 

User Interface and Querying 

Designing the User Interface 

A person-pleasant interface is developed to facilitate query enter and result visualization. This interface 

consists of visualization gear, which include charts and graphs, to present sentiment scores and 

classifications truly and efficiently. 

Querying the Ontology 

Querying the ontology includes the usage of SPARQL to retrieve sentiment rankings, permitting unique 

extraction of relevant information. Efficient query processing ensures that consumer queries are dealt 

with right away and accurately, bearing in mind powerful facts retrieval see figure 2. 

Sentiment Analysis 

Enter text: 

 

   Sentiment: Positive 

Figure 2:User Interface and Querying 

Analyze Sentiment ey, hey. Clap along if you fe  
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Generating Recommendations 

The machine also contains capabilities for creating recommendations by comparing and ranking 

sentiment ratings for various entities or features depending on user queries. User feedback is used to 

continually modify and improve the recommendation engine, hence increasing its overall efficacy and 

user pride. 

Evaluation  

Evaluation Metrics 

The basic general performance of the included technique is assessed using several standard typical 

performance metrics, together with precision, maintain in thoughts, F1-rating, and balanced accuracy. 

These metrics offer insights into the version’s effectiveness in sentiment evaluation. Additionally, client 

remarks is collected to evaluate the machine’s usability and effectiveness, guiding future enhancements 

and refinements. 

This complete approach combines the based know-how furnished by using ontologies with BERT's 

exceptional contextual enjoy, resulting in a effective sentiment evaluation answer. The actual use of this 

technology, together with reading inn critiques, demonstrates its performance in supplying better 

accuracy and deeper insights into consumer attitudes. 

This complete method combines the regarded information furnished by ontologies with BERT's better 

contextual information, resulting in a strong answer for sentiment analysis across numerous domains. The 

realistic instance of hotel critiques demonstrates the integrated framework's real-international software, 

which improves sentiment evaluation accuracy and efficacy. 

5 Evaluation and Results  

This phase gives an outline of the datasets, overall performance measurements, and experimental results 

utilized inside the modern investigation. 

5.1. Description of the Dataset  

The suggested method is evaluated the usage of two benchmark datasets of Amazon merchandise: the 

Apex AD2600 Progressive-scan DVD player (Apex AD2600) and the Nikon Coolpix 4300 (Nikon 4300). 

The datasets are curated and created through (Hu & Liu, 2004). The opinions inside the datasets are 

worded as follows. Every review is labeled as both favorable or terrible primarily based on its traits. Table 

1 presentations the statistical facts for these datasets. 

Table 1: Datasets Statistics 

Product dataset  Domain  #Classified Reviews #Features  

#Pos #Neg 

Nikon 4300  Camera  172 31 203  

Apex AD2600  DVD Player  195 236 431  

5.2. Analysis and Evaluation 

Precision 

Precision measures the accuracy of the fine predictions made by means of the model, indicating the share 

of actual positives out of all predicted positives see table 2, and figure 3, and 4. 
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Word2vec: For the Nikon 4300 dataset, the Word2vec version achieves a precision of zero. Eighty-

two, even as it barely increases to 0. Eighty-three for the Apex AD2600 dataset. These values endorse 

that even as the model is tremendously accurate in predicting high-quality sentiments, there's nevertheless 

room for development, specially in lowering the wide variety of fake positives. 

BERT: The BERT model shows a considerable development in precision, with values of 0.881 for 

Nikon 4300 and zero.89 for Apex AD2600. This enhancement can be attributed to BERT's capacity to 

seize contextual records extra efficaciously than Word2vec, leading to extra accurate sentiment 

predictions. 

Ontology with BERT: The proposed method that integrates ontology with BERT further improves 

precision, attaining zero. Ninety for Nikon 4300 and zero.91 for Apex AD2600. This indicates that 

combining BERT's contextual expertise with ontology-pushed semantic relationships ends in even extra 

correct predictions, minimizing the occurrence of fake positives. 

Recall 

Recall measures the version's capability to efficiently pick out all relevant instances, indicating the share 

of proper positives out of all actual positives. 

Word2vec: The remember values for Word2vec are 0.812 for Nikon 4300 and 0.815 for Apex 

AD2600. These figures propose that at the same time as Word2vec is fairly powerful at figuring out 

relevant fantastic sentiments, it still misses a sizeable wide variety of actual positives, leading to lower 

recall. 

BERT: BERT shows a marked development in remember, with values of zero.8802 for Nikon 4300 

and zero.85 for Apex AD2600. This indicates that BERT is more able to shooting the total range of 

relevant high-quality sentiments, thereby reducing the number of fake negatives as compared to 

Word2vec. 

Ontology with BERT: The remember in addition increases to 0. Ninety one for each datasets whilst 

ontology is combined with BERT. This development highlights the version's greater capability to seize 

and classify all relevant nice sentiments, thanks to the integration of semantic relationships from the 

ontology. 

F-Measure 

The F-degree, or F1-rating, is the harmonic suggest of precision and don't forget, presenting a balanced 

measure of the version's accuracy. 

Word2vec: The F-degree for Word2vec is zero.825 for Nikon 4300 and 0.82 for Apex AD2600. These 

values imply that Word2vec keeps a reasonable balance between precision and keep in mind, however its 

common overall performance is limited by means of the man or woman shortcomings in each measures. 

BERT: BERT achieves higher F-degree values of 0.89 for Nikon 4300 and 0.90 for Apex AD2600, 

reflecting its progressed balance between precision and do not forget. This indicates that BERT is extra 

reliable and regular in sentiment class responsibilities in comparison to Word2vec. 

Ontology with BERT: The proposed technique achieves the best F-degree values of 0.929 for Nikon 

4300 and 0.92 for Apex AD2600, indicating that it moves the quality balance among precision and don't 

forget. This demonstrates the robustness and effectiveness of combining ontology with BERT for 

sentiment class. 
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Accuracy 

Accuracy measures the share of correctly categorized times (each high quality and bad) out of all 

instances. 

Word2vec: The accuracy of Word2vec is 0.82 for Nikon 4300 and 0. Eighty-three for Apex AD2600. 

These values advocate that while the version within reason accurate typical, its performance might be 

advanced, especially in successfully classifying poor sentiments. 

BERT: BERT shows stepped forward accuracy, with values of 0.90 for Nikon 4300 and zero.91 for 

Apex AD2600. This reflects BERT's superior ability to effectively classify both positive and bad 

sentiments, making it an extra reliable version in comparison to Word2vec. 

Ontology with BERT: The proposed method achieves the highest accuracy, with values of zero.93 for 

Nikon 4300 and 0.942 for Apex AD2600. This indicates that the integration of ontology with BERT 

considerably enhances the model's ability to effectively classify sentiments throughout one-of-a-kind 

datasets, making it a versatile and effective tool for sentiment evaluation. 

Hamming Loss 

Hamming loss measures the fraction of wrong predictions, with lower values indicating higher 

performance. 

Word2vec: The Hamming loss for Word2vec is zero.109 for Nikon 4300 and 0.21 for Apex AD2600. 

These figures advocate that Word2vec has a surprisingly better price of incorrect predictions, particularly 

for the Apex AD2600 dataset. 

BERT: BERT reduces the Hamming loss to 0. One hundred twenty five for Nikon 4300 and 0.2 for 

Apex AD2600, indicating fewer incorrect predictions in comparison to Word2vec. This improvement 

reflects BERT's enhanced potential to capture context and make more accurate classifications. 

Ontology with BERT: The proposed technique achieves the lowest Hamming loss, with values of 0.07 

for Nikon 4300 and zero.1/2 for Apex AD2600. This demonstrates the model's osuperior functionality in 

minimizing class mistakes, mainly via the combination of ontology, which allows the version higher 

apprehend the semantic relationships among phrases. 

Table 2: Comparative Analysis of the Proposed Approach Performance Measures Against Other Tested 

Approaches 

Method Measure Nikon 4300 Apex AD2600 

Word2vec 

(Rong, 2014) 

Precision 0.82 0.83 

Recall 0.812 0.815 

F-measure 0.825 0.82 

Accuracy 0.82 0.83 

Hamming loss 0.109 0.21 

BERT Precision 0.881 0.89 

Recall 0.8802 0.85 

F-measure 0.89 0.90 

Accuracy 0.90 0.91 

Hamming loss 0.125 0.2 

Our approach 

(Ontology with BERT) 

Precision 0.90 0.91 

Recall 0.91 0.91 

F-measure 0.929 0.92 

Accuracy 0.93 0.942 

Hamming loss 0.07 0.085 
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Figure 3: Our Approach Performance Measures 

The proposed method that integrates ontology with BERT for sentiment classification continuously 

outperforms the baseline strategies, Word2vec and standalone BERT, across all overall performance 

metrics. The higher precision, don't forget, F-measure, and accuracy, coupled with the decrease Hamming 

loss, spotlight the effectiveness of combining ontology-driven semantic relationships with BERT's 

contextual knowledge. This method no longer simplest improves the version's potential to efficaciously 

classify sentiments but also complements its reliability and robustness throughout one-of-a-kind datasets, 

making it a superior method for sentiment evaluation tasks. 

 

Figure 4: Comparative Analysis of Performance Measures 

6 Conclusion 

This research shows that by integrating ontology-based sentiment analysis with BERT, sentiment class 

may be improved via the use of contextual embeddings and based domain knowledge. Improvements in 

accuracy and a more sophisticated comprehension of text sentiment are both provided by the combined 

approach. 
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The interpretative capability and accuracy of understanding subjective judgments are a whole lot 

progressed by way of inclusive of ontology into sentiment evaluation. Ontologies help to extract complex 

insights from textual cloth by way of using disciplined frameworks that designate interactions between 

many sides and emotions. For example, the creation of characteristic-level studies facilitates businesses 

to discover precise product characteristics that both encourage or poor feelings, therefore permitting 

focused modifications. A domain-specific ontology used with models like BERT has also been proven to 

improve sentiment categorization by using deeper contextual interpretations over and above floor-degree 

interpretations. This layered approach no longer only allows control the complexity of language but also 

solves the limitations of traditional tactics, which commonly forget about implicit sentiments connected 

to contexts and relationships defined by using ontologies. Thus, inside the context of sentiment 

evaluation, ontology is surely important for supplying greater accurate and practical insights in the 

statistics-driven surroundings of these days. 

In sentiment analysis, ontology-based totally techniques pose major problems particularly in regards 

to the scalability and flexibility of created ontologies. One critical downside is ontologies' static man or 

woman, which in speedy converting fields like customer sentiment studies can speedy emerge as out of 

modern. As located in, maintaining contextual nuances is crucial; however, conventional ontological 

fashions may additionally lack the dynamism required to exchange to healthy new language traits and 

expressions. Moreover, the intricacy of first ontology constructing might be useful resource-extensive 

and contact for domain-specific information that couldn't usually be easily on hand, as underlined via the 

need of thorough sentiment lexicons in Arabic examine. Furthermore, ontology combining with modern-

day NLP strategies like BERT may generate integration difficulties, which emphasizes the need of an 

advanced know-how of each semantic shape and algorithmic energy. Thus, despite the fact that ontology-

primarily based fashions have superb advantages, efficient utility in sentiment evaluation relies upon on 

addressing these regulations. 

Especially in the usage of contextual knowledge and area specialization, the continuous development 

of sentiment evaluation marks creative paths for ontology integration. Future research should deal with 

creating greater entire ontologies that seize no longer simplest product traits however additionally 

consumer emotions inner precise contexts, so addressing the boundaries of present-day strategies that 

occasionally fail to seize the complicated expressions determined in user-generated content material. By 

changing tough sentiment expressions into based statistics that suit ontological frameworks, for example, 

Semantic Role Labeling (SRL) could enhance the granularity of sentiment extraction. Moreover, 

integrating ontology-driven methods with advanced fashions such BERT can enhance sentiment category, 

consequently imparting better understanding of the interactions between capabilities and person 

perspective. Moving forward, we need to also make including area-unique phrases and dialectal versions 

to sentiment lexicons a top precedence, specially for languages that aren't used a good deal. This will 

make ontology-based totally sentiment evaluation extra useful and inclusive. 
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