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Abstract: The purpose of the present paper is to summarize the current state 

of the existing research on the application of Semantic web technologies in 
supporting customer relationship management. Its achievement includes 
providing answers to a set of research questions as a result of conducting a 
systematic literature review. A total of 44 scientific publications are identified 
as relevant to the topic and included in the review. Information is extracted 
from the selected literature sources, which is then summarized, systemized and 
analyzed according to the predefined research questions and finally reported. 
The conducted systematic literature review determines that the development of 
Semantic web technologies is provoked interest among researchers, as a result of 
which the advantages of using them for descriptions useful for various CRM 
purposes are investigated and practically confirmed. In addition to defining 
semantic models for descriptions supporting a variety of CRM activities and 
processes (such as customized products and services; supporting users of CRM 
systems; integrated offerings across channels; improved and innovative products 
and services; customer complaint management, etc.), various research works 
identify new approaches to support CRM, that can be achieved through the 
application of appropriate Semantic web technologies. 
The detailed study represented in this paper contributes to familiarization with 
the existing experience in the application of Semantic web technologies in 
supporting customer relationship management, as well as facilitates the 
discovery of trends and directions for future research. This is the reason for the 
expected interest from scientists whose research area cover the considered and 
similar fields; software engineers implementing CRM systems; data analysts 
exploring CRM domain. 
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1. Introduction 

Customer relationship management (Techopedia, 2018) is defined as 
a strategy widely used by companies and organizations to store and manage 
their comprehensive data and interactions with current, past and potential 
customers. The purpose is to ensure that all organizational customer 
interaction functions (i.e. sales, marketing, technical support) are efficient 
and synchronized to ensure adequate and appropriate service to former and 
potential customers. Achieving this goal involves integrated information 
systems and technologies. 

1.1. Customer relationship management and information technology 

Since customer relationship management is based on customer data, 
it can be greatly facilitated and assisted by the use of information technology 
(Brito and Ramos, 2003; Bahrami et al., 2012; Orenga-Roglá and Chalmeta, 
2016; Stefanov et al., 2023). By applying the appropriate information 
technologies, communication can be carried out with convenient channels 
such as e-mail, SMS (Short Message Service), etc.; collecting and analyzing 
customer data, discovering patterns in customer behavior that are useful for 
targeting profitable customers; receiving feedback in order to generate 
adequate recommendations, personalization of products and services. 

1.2. Technologies for Semantic web 

The implementation of the idea of Semantic web (Lassila & Hendler, 
2001) leads to the development of Semantic web technologies. Standards 
designed to represent content are developed – the Resource Description 
Framework (RDF) (W3C, 2014), as well as RDF Schema (RDFS) (W3C, 
2014b), the Web Ontology Language (OWL) (W3C, 2012) that allow for a 
comprehensive description of the content. The RDF standard provides 
possibilities for the semantic description of resources and their linked data in 
a way that is understandable to both machines and humans, with the option 
of using the XML (eXtensible Markup Language) format for representing the 
descriptions. The XML (W3C, 2008) and XML Schema (W3C, 2012b) 
standards are also included in the so-called Semantic web stack (Berners-Lee, 
2000), which illustrates the architecture of the Semantic web, covering its 
syntactic level. One of the main advantages of using RDF/RDFS and OWL 
is the possibility of reusability and building on domain-specific ontologies 
already built by other developers. The SPARQL Protocol and RDF Query 
Language (SPARQL) (W3C, 2013) is intended for executing queries to 
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semantic data; the Semantic Web Rule Language (SWRL) (W3C, 2004) – for 
reasoning. 

1.3. Problem statement 

The CRM process consists of the four dimensions or phases (Ngai et 
al., 2009), (Guerola-Navarro et al., 2022): 

 Customer identification with elements of target customer analysis 
and customer segmentation; 

 Customer attraction, the element of which is direct marketing; 

 Customer retention;  
The elements of this dimension are one-to-one marketing, loyalty 

programs, complaints management. 

 Customer development with elements of customer lifetime value, 
upselling/cross-selling, market basket analysis. 

 
In (García-Crespo et al., 2010), possible benefits for CRM as a result 

of influence caused by application of social and Semantic web technologies 
are indicated, which are: 

B1. Improved ability to target profitable customers; 
Semantic web technologies provide opportunities for organizing and 

structuring feedback from customers, containing their opinions, 
recommendations, as well as analyzing the created dataset in order to target 
the appropriate customers. This advantage contributes to the 
implementation of the customer identification phase. 

B2. Integrated offerings across channels; 
Social technologies create and collect data, and the application of 

semantic technologies to them (mainly RDF representation and data 
retrieval queries) allows the construction of datasets containing offerings 
represented in a structured, ontology-based way that can be connected to 
customers and integrated into channels. In this way, the attraction of 
customers is supported. 

B3. Improved sales force efficiency and effectiveness; 
Customer feedback is essential to improve sales force effectiveness 

and efficiency, which in turn would have a positive impact on all CRM 
phases. Structuring and analyzing customer feedback can provide estimates 
of this effectiveness. 

B4. Improved pricing; 
B6. Customized products and services; 
B7. Social branding; 
It can affect customer attraction, retention and development. 
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B8. Improved customer service efficiency and effectiveness; 
This benefit could have an impact on customer retention and 

development. 
B9. Individualized marketing messages. 
In the research area of knowledge representation, ontologies and 

semantic technologies not only use knowledge representation to personalize 
messages and make them individually oriented, but also enable the sharing 
and reuse of discovered knowledge elements inside messages. 

A summary of the listed possible benefits and the different 
dimensions of CRM to which they relate is presented in Table 1. 

Table 1. Correspondence between the possible benefits of applying social and semantic 
web technologies for CRM and the dimensions of CRM 

Possible benefits for 
CRM 

Dimensions of CRM 

B1, B3 Customer identification 

B2, B4, B5, B6, B8 Customer attraction 

B3, B4, B5, B6, B7 Customer retention 

B3, B4, B5, B6, B7 Customer development 

 
Despite the growing importance of Semantic web technologies in 

various fields, including customer relationship management, there is a lack of 
a detailed systematic review of literature sources related to the subject under 
consideration. In the present paper, a comprehensive literature review is 
provided, which concerns the scientific publications related to the 
application of Semantic web technologies to support customer relationship 
management, the achievement of the expected possible benefits B1-B8, the 
identification of other realized benefits such as customer segmentation, 
improved products and services, support for users of CRM systems, etc. The 
papers found are classified according to the addressed potential benefits and 
according to the applied semantic web technologies. The results of the 
research conducted are summarized, systematized and analyzed to provide 
answers to a set of predefined research questions. 

This paper is organized as follows. In section 2, existing reviews 
related to the topic under consideration are studied and the need for 
systematic literature review (SLR) is established, which addresses supporting 
customer relationship management through Semantic web technologies. 
Section 3 describes the research methodology. Section 4 provides and 
analyzes the results of the review. 
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2. Related work 

On the one hand, there is an interest in research that summarizes 
existing knowledge and experience in the application of approaches and 
technologies from other fields such as data mining (Ngai et al., 2009); 
knowledge management (Khosravi and Hussin, 2016); data analytics 
(Gončarovs, 2017); big data analytics (Perera and Dilini Kulawansa, 2018), 
(Chen et al., 2019), (Sharma, 2020); implementation of big data for CRM 
from the point of view of international marketing (Del Vecchio et al., 2021); 
artificial intelligence (Ledro et al., 2022). In Soltani and Navimipour, (2016) 
research studies are studied and classified into the categories of E-CRM, 
knowledge management, data mining, data quality, and social CRM. 

On the other hand, the application of Semantic web technologies in 
various domains is considered in systematic literature reviews such as cloud 
computing (Brabra et al., 2016); formal education (Jensen, 2017); distance 
learning (Bashir and Warraich, 2020); internet of things (Rhayem et al., 
2020); bibliographic databases (Georgieva-Trifonova et al., 2020); big data 
modeling from analytics perspective (Georgieva-Trifonova and Galabov, 
2021); healthcare (Bahalul Haque et al., 2022); software accessibility 
evaluation (Estrada-Martínez et al., 2022). 

As a result from the conducted exploration, it is established a lack of 
a detailed and up-to-date systematic literature review focused on the use of 
Semantic web technologies to support CRM, which motivates the present 
study. 

3. Research methodology 

The present study is based on the guidelines for systematic literature 
reviews proposed in Kitchenham and Charters (2007). 

3.1. Research questions 

RQ1. How many research papers on applying Semantic web 
technologies to support CRM are published by now? What is the 
distribution of publications found by year? 

The aim is to study the research interest in the subject under 
consideration and its change over time, providing summarized information 
in a quantitative and substantive aspect. 

RQ2. Which Semantic web technologies are used to support CRM? 
RQ3. What CRM benefits does the implementation of Semantic web 

technologies aim to contribute and what Semantic Web technologies are 
used for them? 
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The purpose of the research questions RQ2 and RQ3 is to identify 
the addressed potential benefits from the perspective of CRM and the 
Semantic web technologies applied to them, to examine the trends for the 
most popular of them and to understand their specific purpose. 

RQ4. What ontologies are created to support CRM? What is the 
specific purpose of their application? 

The goal is to systematize the proposed ontologies that are 
implemented when applying Semantic web technologies to support CRM. 

RQ5. What trends exist in the application of Semantic web 
technologies to support CRM?  

The purpose of RQ5 is to find trends in CRM benefits that are 
targeted by applying Semantic web technologies; current issues discussed in 
the most recent publications, as well as the proposed solutions to them, 
which allow for future progress. 

The information obtained in response to the defined research 
questions would be useful to researchers working in the considered and 
related fields; software engineers developing CRM systems; analysts of data 
from CRM activities. From RQ1-3, they can acquire knowledge about the 
existing interest in the considered topic, as well as in the specific Semantic 
web technologies and for what purposes they are applied; from RQ4-5 – 
about the proposed approaches, observed trends, directions for future work. 

3.2. Search process 

The search process includes manual search of the academic 
databases Scopus, Web of Science, EBSCO, ScienceDirect, SpringerLink, 
ACM Digital Library, IEEE Xplore, CiteSeerX, Google Scholar.  

Search strings are derived based on the defined research questions. 
Synonyms, alternative spelling, construction of sophisticated search strings 
using the Boolean operators AND, OR are identified. An approach 
described in the methodology of Kitchenham and Charters (2007) is applied, 
where individual facets of the research questions are considered: 

 Population: customer relationship management, CRM, customer 
relationship, client relationship, user relationship, CRM system; 

 Intervention: semantic technology, semantic web, ontology, XML, 
eXtensible Markup Language, RDF, Resource Description 
Framework, RDFS, RDF Schema, OWL, Web Ontology Language, 
SPARQL, SPARQL Protocol and RDF Query Language, SWRL, 
Semantic Web Rule Language, linked data, triplet, triplestore, 
knowledge graph; 
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 Comparison: relational database, Structured Query Language, 
SQL, non-relational database, NoSQL, data mining, knowledge 
discovery, data analytics, data analysis, data analyst, data science, data 
scientists; 

 Outcomes: target profitable customers, integrated offerings, 
improved pricing, customized products and services, improved 
customer services, individualized marketing messages, brand 
development, customer identification, target customer analysis, 
customer segmentation, customer attraction, direct marketing, 
customer retention, one-to-one marketing, loyalty programs, 
complaints management, customer development, customer lifetime 
value, upselling/cross-selling, market basket analysis. 
Search strings are constructed by concatenating the keywords from 

one list of each facet with the Boolean OR operator, then concatenating the 
resulting expressions with the Boolean AND operator. 

The defined inclusion and exclusion criteria are applied to the 
initially found publications. In addition, after the initial selection, the 
reference lists of the selected publications are reviewed. Besides, publication 
lists of authors found on their web pages, academic social network profiles 
(such as ResearchGate, Academia.edu, Mendeley, Google Scholar) are 
explored. 

3.3. Inclusion and exclusion criteria 

For the selection of the literature sources, the following criteria are 
defined for inclusion in the current SLR review:  

 Publications relating to the application of Semantic web 
technologies; 

 Publications where the issues addressed and applied Semantic web 
technologies refer to customer relationship management; 

 Publications that represent articles in scientific journals, reports at 
scientific conferences, the full text of which is written in English, 
since scientists and practitioners most often use such publications to 
obtain information and disseminate new discoveries. 
The exclusion of literature sources from this review is based on the 

following exclusion criteria: 

 Reviews or surveys of research on applying Semantic web 
technologies to support customer relationship management; 

 Duplicate publications of the same study. In such cases, only the 
fuller version of the study is included in the review; 
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 Publications that are not conference papers or journal articles (such 
as books, textbooks, book chapters, editorial notes, theses, 
dissertations) or whose full text is not written in English. 

3.4. Quality assessment 

The publications found after the keyword search are 201. Then, the 
defined inclusion and exclusion criteria are applied, as well as an additional 
study of the literature sources of the selected publications and lists of 
authors' publications is performed. A further 11 are discovered as a result of 
these activities. A final set of 44 publications is obtained, on the basis of 
which the conclusions set out in Section 4 are summarized. 

The publication search process undertaken for the purposes of this 
review is summarized in Figure 1 using a PRISMA Flow diagram (Moher et 
al., 2009). 

 

 

Fig. 1 PRISMA Flow diagram of the publication search process for the current SLR 



Broad Research in 
Artificial Intelligence and Neuroscience 

December 2023 
Volume 14, Issue 4 

 

176 

The authors created the figures 1-6 and tables 1-4, according to the data collected 
in our study. 

3.5. Data collection 

The data extracted from each publication are: 

 Bibliographic description – authors, title, journal or conference, year 
of publication, as well as annotation, keywords, conclusion; 

 Main thematic scope; 

 Applied or discussed semantic web technologies; 

 CRM benefits that are targeted by applying Semantic web 
technologies; 

 Ontologies created or used; 

 Directions for future research work. 
 
3.6. Data analysis 
Data are represented in tabular, graphical or tabular form to reflect 

the following summary information: 

 Diagram of the number of publications by year (fig. 2); 

 Diagram of the number of publications on the most frequently 
applied Semantic web technologies (fig. 3); 

 Table of the ontologies created and used in the studies under 
consideration, their purpose, as well as the Semantic web 
technologies applied to them (table 2); 

 Table of the number of publications on Semantic web 
technologies (table 3); 

 Table of the number of publications by addressed CRM benefits 
(table 4) and charts of the number of applied Semantic web 
technologies for the three most popular benefits (figs. 4, 5, 6). 

4. Results and discussion 

As a result of our search, exploration, application of the defined 
inclusion and exclusion criteria, 44 publications are found and selected for 
the present review, whose research problems concern the application of 
Semantic web technologies to support CRM. In the following subsections, 
the obtained results are represented and discussed in accordance with the 
research questions formulated in subsection 3.1. 
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4.1. Distribution of publications by year 

Research papers published between 2002 and 2022 are included in 
this SLR review. The beginning of the period can be explained by the 
exposition of the idea of Semantic Web in 2001 (Lassila & Hendler, 2001), 
gaining popularity of Semantic web technologies caused by the fact that 
RDF and OWL obtain the status of W3C Recommendation in 2004, the 
first edition of OWL 2 – in 2009, the second edition – 2012, SPARQL 1.0 – 
2008, SPARQL 1.1 – 2013. 

The process of searching for publications and collecting data from 
them for the purposes of the represented review are carried out until the end 
of 2022. For this reason, studies published later are not considered. 

The distribution of publications by year is shown in Figure 3. 
 

 

Fig. 2 Distribution of publications by year 

From the distribution of publications by year, it can be concluded 
that the development of semantic web technologies leads to the maintenance 
of research interest in their application to support customer relationship 
management. 

4.2. Applied Semantic web technologies to support customer 
relationship management  

Figure 3 illustrates a summary of the number of publications 
included in this systematic literature review that apply the Semantic web 
technologies XML, RDF/RDFS, OWL, SPARQL, Linked data, SWRL, 
mentioned in section 1.2. 
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Fig. 3 Number of publications by applied Semantic web technologies 

 
In addition, after exploring the selected publications, it is established 

that the following Semantic web technologies are used in them: 

 WSDL (W3C, 2007); 
The Web Services Description Language (WSDL) provides a model 

and XML format for describing Web services. 

 SAWSDL (W3C, 2007b); 
Semantic Annotations for Web Services Description Language 

(SAWSDL) is a standard for adding semantics to web service descriptions. 
The specification defines how to define semantic annotations by referencing 
semantic models such as ontologies.  

 SHACL (W3C, 2017); 
Shapes Constraint Language (SHACL) is a language for validating 

RDF graphs against a set of conditions that are also represented by RDF 
graphs. SHACL graphs can be considered as descriptions of data that satisfy 
the conditions specified in them. Therefore, SHACL descriptions can be 
used for purposes other than validation, including user interface 
construction, code generation, and data integration. 

 SeRQL (Broekstra and Kampman, 2003). 
Sesame RDF Query Language (SeRQL) is an RDF/RDFS query 

language developed as part of Sesame (now RDF4J). Unlike SPARQL, it 
does not have W3C submission or W3C recommendation status. 

The use of XML, RDF/RDFS, OWL is related to building 
ontologies and knowledge bases for various purposes. Table 2 provides a 
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summary of the ontologies created and used in the reviewed studies. The 
purpose of the ontology in the research is indicated, as well as the applied 
Semantic web technologies both for creating the ontology and for extracting 
data from it, reasoning. 

Table 2. Ontologies for the purposes of the studies under consideration 

Ontologies Publications Purpose 
Semantic 

web 
technologies 

Customer 
complaint 
ontology 

(Jarrar et al., 
2003) 

The created ontology aims to 
supporting the management of 
customer complaints. 

XML, RDF 

Customer 
Emotion 
Ontology 

(García-
Crespo et al., 
2010) 

An ontology that enables the 
classification of customer emotions is 
built, as well as an ontology that models 
the different aspects related to CRM. 
They are applied for the purposes of an 
approach that is based on extracting 
features from social networks and 
connecting them with user emotions in 
order to increase customer satisfaction. 

OWL 

Ontology for 
Customer 
eXperience 

(Rehman 
Laghari et al., 
2010) 

An ontological model for customer 
experience is introduced. The goal is to 
provide an understanding of how the 
customer experience enhances the 
service provision. 

SAWSDL 

Ontology for 
Customer 
Knowledge 
Management 

(Yan and Zha, 
2010) 

Ontology building is applied in the 
implementation of CKM (Customer 
Knowledge Management) strategy to enable 
automatic understanding and 
processing customer knowledge. 

OWL 

Customer 
preference 
ontology 

(Cao et al., 
2011) 

The ontology is used for retrieving 
information when responding to 
requests according to customer 
requirements. Ontology-based retrieval 
is compared with traditional keyword 
retrieval. 

XML, 
RDF/RDFS, 
OWL 

Ontology for 
modeling user 
behaviour 

(Razmerita, 
2011) 

It is used in the context of a knowledge 
management system (KMS) to support 
user activities based on their activity in 
the system and to provide personalized 
user support in the KMS. 

RDF/RDFS 

Customer 
demand 
ontology 

(Wang and 
Zhou, 2014) 

An ontology mapping between the 
customer demand ontology and the 
product configuration ontology is 
implemented to provide a scientific 
basis for pricing. 

OWL 
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Ontology for 
opinion 
mining 

(Alfrjani et al., 
2016) 

It is used to perform various 
information extraction tasks in order to 
improve products and services. 

RDF/RDFS, 
OWL, 
SPARQL, 
Linked data 

ONTARIS 
ontology  
(Ontology of 
Innovative 
Products and 
Services' 
Consumer 
Knowledge) 

(Kudryavtsev 
et al., 2020) 

ONTARIS ontology supports the 
design of innovative products and 
services; the design of a system of 
interaction between a company and a 
user.  

RDF/RDFS, 
OWL 

Ontology of 
products 
and/or 
services 

(Baida et al., 
2005) 

An e-services ontology is applied to 
unify elementary e-services into bundles 
of e-services satisfying customer needs. 

RDF/RDFS 

(Frasincar et 
al., 2009) 

News ontology is used for personalized 
news services. 

OWL, 
SPARQL 

(Pagoropoulos 
et al., 2014) 

PSS (Product/Service-Systems) 
ontology provides a systematic 
collection of knowledge in the relevant 
field and facilitates the implementation 
of integrated solutions. 

OWL 

(Chatwin and 
Sam, 2013) 

Electronic Products Ontology is 
applied to extract semantic content 
based on user queries by analyzing user 
reviews of products. 

OWL 

(Yılmaz and 
Alptekin, 
2013) 

An ontology of mobile operating systems 
is used for precise user segmentation to 
support vendors in offering a suitable 
product to the customer. 

RDF, OWL 

(Ruijgrok et 
al., 2018) 

An ontology for representing product 
assortments in web stores is 
implemented to facilitate users in 
finding their desired products. 

OWL 

Ontology 
GoodRelations 
for Describing 
Products and 
Services 
Offers 

(Hepp, 2008) 

The GoodRelations ontology allows 
describing the relationship between web 
resources; offerings made through these 
web resources; legal entities; prices; 
conditions. It is intended for the 
purposes of e-commerce in the 
commodity segment. 

RDF/RDFS, 
OWL, 
SPARQL 

Ontology of 
tourism 
offers/tourist 
knowledge 

(Picot-
Clémente et 
al., 2010) 

This ontology supports dynamic 
adaptation of the offerings to 
customers. 

OWL, 
SWRL, 
Linked data 
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(Pai et al., 
2019) 

An ontology is applied to recommend 
tourist knowledge in order to assist 
making the appropriate travel decision. 

OWL 

Ontology, 
which models 
the possible 
product 
compositions 

(Ardito et al., 
2011) 

It models the possible product 
compositions that users can perform to 
support creating products that best 
meet their desires. 

RDF, SeRQL 

Product 
Configuration 
Ontology 

(Haav and 
Maigre, 2018) 

This ontology enables the construction 
of distributed product configurators 
that use semantic configuration models 
and validation of integrity constraints of 
individual configurations. 

RDF, OWL, 
SPARQL, 
SHACL 

Product 
Review 
Ontology 

(Ali et al., 
2020) 

The analysis of online customer 
feedback is applied to identify key 
product attributes to be used in the 
product conceptual design phase. 

RDF/RDFS, 
OWL, 
SPARQL 

Online retail 
ontology 

(Alaa et al., 
2021) 

It is applied to a recommendation 
method where ontological reasoning is 
performed. 

OWL 

e-Business 
Model 
Ontology 

(Osterwalder 
and Pigneur, 
2002) 

The ontology is designed to the 
development of various useful tools for e-
business management and requirements 
clarification. 

XML 

Ontology for 
Collaborative 
B2B 
Relationships 

(Caliusco et 
al., 2004) 

It supports the management of 
collaborative B2B relationships between 
trading partners. 

XML, 
RDF/RDFS, 
OWL 

Business 
Process 
Customization 
Ontology 

(Liang et al., 
2011) 

This ontology is applied to customize 
service-based business processes using 
existing knowledge about web services 
and business processes. 

RDF/RDFS, 
OWL, SWRL 

Ontology of 
Brand Message 

(Zailskaitė-
Jakštė and 
Damaševičius, 
2014) 

The ontology describes the relationships 
between content variables (tone, theme, 
visual and audio aids, keywords, manner, 
promotion, addressing, URL) and 
publication features (channels, target 
users, timing, frequency, and message 
length). The aim is to provide an 
opportunity to understand and evaluate 
the features of the brand message 
published on social media. 

OWL 

PaaS 
(Platform-as-a-
Service) 
ontology 

(Bassiliades et 
al., 2018) 

It is used to semantically annotate PaaS 
offering capabilities; requirements of 
the applications to be deployed. 
Through semantic matching and 

RDF/RDFS, 
OWL, 
SPARQL, 
Linked data 
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ranking, the best matching PaaS 
offering can be recommended to the 
application developer. 

Business 
Model 
Ontology 

(Di Martino et 
al., 2021) 

This ontology is used for representation 
of a business model. It allows definition 
of deductive rules for knowledge 
extraction and automatic ontology 
completion. 

OWL, SWRL 

SoNBO 
(Social 
Network of 
Business 
Objects) 
Ontology 

(Blankenberg 
et al., 2022) 

SoNBO is applied to the integration of 
information from multiple business 
information systems using a user-specific 
Enterprise Knowledge Graph, which 
represents a unique and valuable access to 
information that is dispersed in 
heterogeneous information systems 
(ERP/CRM) of the company. 

RDF 

CRM 
Ontology 

(Gottgtroy 
and 
Gottgtroy, 
2003) 

CRM ontology supports managers in 
their activities to formally define 
customer segments, channels, etc. It 
contributes to communicative, 
comparable, analyzable and easily 
modifiable customer relationships. 

XML 

(Osterwalder 
and Pigneur, 
2003) 

CRM ontology supports managers to 
optimize channels, improve customer 
acquisition and retention, sales, 
especially in the context of e-business. 

XML 

(Lee et al., 
2007) 

CRM ontology describes the knowledge 
for planning CRM projects based on 
Capability Maturity Model Integration 
(CMMI).  

RDF/RDFS, 
OWL 

(Damme et 
al., 2007) 

It improves the process of creating 
knowledge about the customer in order 
to overcome the problem of 
unsatisfactory results when searching 
for customer information in CRM 
systems. 

RDF/RDFS 

(Goy et al., 
2008) 

It is used in building web-based 
repositories of software solutions aimed 
at using web services and the Semantic 
web to support small and medium-sized 
enterprises. Reasoning techniques are 
applied to find possible matches 
between business requirements and 
software solutions. 

OWL, 
WSDL 

(Magro and 
Goy, 2012) 

O-CREAM-v2 ontology can find 
application in web-based repositories 
supporting the mediation of the supply 
and demand of CRM-related tools. 

OWL 
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(Tiryaki and 
Atalay, 2020) 

CRM ontology enables automatic 
semantic interpretations of data 
received from various sources (such as 
sales process, service and call centre). 

OWL, 
SPARQL, 
SWRL 

(Fernández-
Cejas et al., 
2022) 

CRM ontology supports managers and 
information systems’ specialists in the 
development and maintenance of 
applications. 

OWL 

 
The built ontologies can be classified as customer-oriented 

(preferences, opinions, behavior, etc.); product/service oriented (features, 
offers, configuration, reviews, etc.); orientation to business objects and 
processes. In Table 2, the three groups are marked with bold lines. 

Table 3 contains a summary of the applied Semantic web 
technologies in the considered publications.  

Table 3. Number of publications by Semantic web technologies 

Semantic web technologies Count of publications Publications 

XML 7 

(Osterwalder and Pigneur, 2002), 
(Gottgtroy and Gottgtroy, 2003), 
(Jarrar et al., 2003), (Osterwalder 
and Pigneur, 2003), (Caliusco et al., 
2004), (Smirnov et al., 2005), (Cao 
et al., 2011) 

RDF/RDFS 22 

(Jarrar et al., 2003), (Caliusco et al., 
2004), (Baida et al., 2005), 
(Damme et al., 2007), (Lee et al., 
2007), (Hepp, 2008), (Cao et al., 
2011), (Ardito et al., 2011), (Liang 
et al., 2011), (Razmerita, 2011),  
(Wu, 2012), (Yılmaz and Alptekin, 
2013), (Hladky and Maltseva, 
2013), (Hladky et al., 2014), 
(Thakor and Sasi, 2015),  (Alfrjani 
et al., 2016), (Bassiliades et al., 
2018), (Haav and Maigre, 2018), 
(Kudryavtsev et al., 2020), (Ali et 
al., 2020), (Fensel et al., 2020), 
(Blankenberg et al., 2022) 

OWL 31 

(Caliusco et al., 2004), (Lee et al., 
2007), (Goy et al., 2008), (Hepp, 
2008), (Frasincar et al., 2009), 
(García-Crespo et al., 2010), (Yan 
and Zha, 2010), (Picot-Clémente et 
al., 2010), (Cao et al., 2011), (Liang 
et al., 2011), (Magro and Goy, 
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2012), (Chatwin and Sam, 2013), 
(Yılmaz and Alptekin, 2013), 
(Hladky and Maltseva, 2013), 
(Wang and Zhou, 2014), 
(Zailskaitė-Jakštė and 
Damaševičius, 2014), (Hladky et 
al., 2014), (Pagoropoulos et al., 
2014), (Thakor and Sasi, 2015),  
(Alfrjani et al., 2016), (Bassiliades 
et al., 2018), (Ruijgrok et al., 2018), 
(Haav and Maigre, 2018), (Deepak 
and Kasaraneni, 2019), (Pai et al., 
2019), (Kudryavtsev et al., 2020), 
(Tiryaki and Atalay, 2020), (Ali et 
al., 2020), (Alaa et al., 2021), (Di 
Martino et al., 2021), (Fernández-
Cejas et al., 2022) 

SPARQL 12 

(Hepp, 2008), (Frasincar et al., 
2009), (Wu, 2012), (Hladky and 
Maltseva, 2013), (Hladky et al., 
2014), (Thakor and Sasi, 2015), 
(Alfrjani et al., 2016), (Bassiliades 
et al., 2018), (Haav and Maigre, 
2018), (Tiryaki and Atalay, 2020), 
(Ali et al., 2020), (Fensel et al., 
2020) 

Linked data 6 

(Picot-Clémente et al., 2010), 
(Hladky et al., 2014), (Alfrjani et 
al., 2016), (Bassiliades et al., 2018), 
(Fensel et al., 2020) 

SWRL 4 

(Picot-Clémente et al., 2010), 
(Liang et al., 2011), (Tiryaki and 
Atalay, 2020), (Di Martino et al., 
2021) 

WSDL 1 (Goy et al., 2008) 

SAWSDL  1 (Rehman Laghari et al., 2010) 

SHACL 1 (Haav and Maigre, 2018) 

SeRQL 1 (Ardito et al., 2011) 

 
From the data represented in Figure 3, Tables 2 and 3, it stands out 

that the main application of Semantic web technologies to support CRM 
consists in building appropriate ontologies. SPARQL queries, Linked data, 
SWRL are mainly used to browse and extract data from them. 
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4.3. Benefits for customer relationship management 

Table 4 summarizes the data on the number of publications by 
addressed CRM benefits.  

Table 4. Number of publications by CRM benefits addressed 

Benefits for CRM Count of publications Publications 

Customized products and services 11 

(Smirnov et al., 
2005), (Frasincar 
et al., 2009), 
(Picot-Clémente 
et al., 2010), 
(Razmerita, 
2011), (Ardito et 
al., 2011), (Cao 
et al., 2011), 
(Chatwin and 
Sam, 2013), 
(Deepak and 
Kasaraneni, 
2019), (Haav 
and Maigre, 
2018), (Pai et al., 
2019), (Alaa et 
al., 2021) 

Integrated offerings across channels 5 

(Baida et al., 
2005), (Hepp, 
2008), 
(Pagoropoulos 
et al., 2014), 
(Bassiliades et 
al., 2018), 
(Fensel et al., 
2020) 

Improved ability to target profitable customers 1 
(Di Martino et 
al., 2021) 

Individualized marketing messages 1 

(Zailskaitė-
Jakštė and 
Damaševičius, 
2014) 

Improved pricing 1 
(Wang and 
Zhou, 2014) 

Improved sales force efficiency and effectiveness 1 
(Hladky et al., 
2014) 

Improved products and services 2 
(Alfrjani et al., 
2016), (Ali et 
al., 2020) 
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Innovative products and services 1 
(Kudryavtsev et 
al., 2020) 

Customer complaint management 2 
(Jarrar et al., 
2003), (Thakor 
and Sasi, 2015) 

Customer segmentation 1 
(Yılmaz and 
Alptekin, 2013) 

Supporting users of CRM systems 11 

(Osterwalder 
and Pigneur, 
2002), 
(Gottgtroy and 
Gottgtroy, 
2003), 
(Osterwalder 
and Pigneur, 
2003), 
(Caliusco et al., 
2004), (Damme 
et al., 2007), 
(Yan and Zha, 
2010), (García-
Crespo et al., 
2010), (Wu, 
2012), (Tiryaki 
and Atalay, 
2020), 
(Blankenberg et 
al., 2022), 
(Fernández-
Cejas et al., 
2022) 

Supporting CRM projects 1 
(Lee et al., 
2007) 

Integration of information in a CRM system 2 

(Hladky and 
Maltseva, 
2013), (Tiryaki 
and Atalay, 
2020) 

Description of business processes 2 
(Goy et al., 
2008), (Magro 
and Goy, 2012) 

Personalization of business processes 1 
(Liang et al., 
2011) 

Social branding 1 

(Zailskaitė-
Jakštė and 
Damaševičius, 
2014) 
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From the data represented in Table 4, it can be concluded that each 
of the listed CRM benefits B1-B8 is addressed in at least one study selected 
for the systematic literature review. 

Furthermore, as a result of the detailed consideration of the 
publications included in this study, the following addressed benefits for 
CRM are identified in addition to those listed in section 1.3: 

B1. Improved products and services; 
Customer feedback allows companies to understand the strengths 

and limitations of their products and services and improve them. Such 
valuable information is contained in the opinions expressed by those 
customers who have purchased the products/services and expressed their 
experience in the form of text reviews. Opinion mining (Alfrjani et al., 2016) 
aims to automatically analyze opinions expressed as free text and can be 
assisted by appropriate representation of user opinions using Semantic web 
technologies. Improving products and services is beneficial in both attracting 
and retaining customers. 

Ali et al. (2020) outline the analysis of online customer feedback to 
identify key product attributes in order to use them in the product 
conceptual design phase. The analysis can be applied to determine critical 
customer needs and preferences to improve the design of new versions of a 
product. 

B2. Innovative products and services; 
In (Kudryavtsev et al., 2020), the creation of an ontology of user 

knowledge for innovative products and services is proposed. Its main aim is 
to support the design of innovative products and services; the facilitation of 
research activities and the integration of research data. 

B3. Customer complaint management; 
In (Jarrar et al., 2003), an ontology-based approach for managing and 

maintaining multilingual online customer complaints is described. For this 
purpose, an ontology is built, which allows representing the basic knowledge 
about the domain of customer complaints; it provides extensibility of the 
complaint platform. 

Thakor and Sasi (2015) focus on building an ontology model to 
identify the departments or sections of the office that have problem areas 
related to customer dissatisfaction in postal services. For this purpose, 
shared content on social media is analysed. 

B4. Supporting CRM projects; 
In (Lee et al., 2007), a CRM ontology is proposed that describes 

knowledge for planning CRM projects on the basis of CMMI (Capability 
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Maturity Model Integration). The proposed ontology can be applied to build 
a CRM system based on CMMI project planning for business applications. 

B5. Description and personalization of business processes; 
In (Magro and Goy, 2012), CRM ontology O-CREAM-v2 (updated 

and extended version of O-CREAM – Ontology for Customer Relationship 
Management) is proposed for describing CRM processes and for specifying 
the functionality of CRM applications. In addition, the use of OWL-based 
ontologies allows ARNEIS (Advanced Repository for Needs of Enterprises 
and Innovative Software) (Goy et al., 2008) to apply reasoning techniques to 
find possible matches between business requirements and software 
solutions. 

Liang et al. (2011) represent a conceptualization of service-based 
business process customization according to the inconsistencies found in 
their business process description documents. For this purpose, OWL-BPC 
(Business Process Customization) ontology is proposed and reasoning is 
applied. 

B6. Supporting users of CRM systems; 
Supporting collaborative B2B relationships (Caliusco et al., 2004) is 

achieved by analyzing the integration of XML-based standards with an 
ontology to describe the meaning of information and knowledge exchanged 
between trading partners for the joint execution of business processes. 

Marketing and new product development in co-creative 
environments (García-Crespo et al., 2010) is based on extracting knowledge 
from social networks through user emotion analysis methods in order to 
implement appropriate CRM strategy to maximize customer satisfaction. 

The Customer Relationship Ontology (Gottgtroy and Gottgtroy, 
2003), (Osterwalder and Pigneur, 2002), (Osterwalder and Pigneur, 2003) is 
defined in order to support managers. In (Damme et al., 2007), an integrated 
visual approach is proposed, where users themselves can participate in the 
process of creating an ontology of the CRM domain. 

Yan and Zha (2010) analyze the necessity to build an ontology when 
implementing a CKM (Customer Knowledge Management) strategy. 

Wu (2012) proposes a decision automation platform for CRM 
system based on AllegroGraph triple repository. 

B7. Integration of information in a CRM system; 
In (Hladky and Maltseva, 2013), the integration of information 

needed for the purposes of the CRM process using linked data is proposed. 
Tiryaki and Atalay (2020) describe an ontological approach that 

enables automatic semantic interpretations of data obtained from different 
sources (such as sales process, service and call centre). Based on the 
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proposed approach, a tool is developed that can combine data from 
different CRM systems in a common format and make customer-oriented 
interpretations of these data. 

B8. Customer segmentation (Yılmaz and Alptekin, 2013). 
 
Among the most popular addressed benefits by applying Semantic 

web technologies are customized products and services; supporting users of 
CRM systems; integrated offerings across channels. Figures 4-6 illustrate the 
number of publications that examine them by applied Semantic web 
technologies. 

 

Fig. 4 Number of publications that apply Semantic web technologies to achieve customized 
products and services 

 

 

Fig. 5 Number of publications that apply semantic web technologies in order to supporting 
users of CRM systems 
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Fig. 6 Number of publications that apply semantic web technologies to achieve integrated 
offerings across channels 

 
From Figures 4-6, it is observed that RDF/RDFS, OWL are the 

most applied Semantic web technologies for the three research objectives 
related to supporting CRM. 

4.4. Trends in the application of Semantic web technologies to 
support CRM 

From the aggregated data resulting from studying the publications 
examined in the present systematic review, the following trends are 
noticeable: 

 Expanding the scope of the addressed CRM benefits; 
Researchers are identifying new CRM benefits that can be achieved 

through the application of appropriate Semantic web technologies. 

 Expanding the scope of applied Semantic web technologies. 
Research interest is directed towards various relevant Semantic web 

technologies. The development of the Semantic web technologies 
themselves, as well as the tools for their usage and application, contribute 
significantly to this trend. 

In addition to the most popular addressed CRM benefits, the 
following ones stand out as current (i.e. examined in recent studies): 
improved / innovative products and services, integration of information in a 
CRM system. 

Possible perspectives for future research are aimed at the complex 
application of Semantic web technologies in order to achieve more 
comprehensive CRM solutions. 
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5. Conclusion  

As a result of the systematic literature review, the following 
conclusions can be summarized regarding the current state of research 
concerning the application of Semantic web technologies to support CRM: 

 The advantages of using Semantic web technologies to support 
CRM are researched and practically confirmed; 

 Semantic models (including ontologies) for descriptions related to 
customers, products/services, business objects and processes are defined; 

 Datasets are created in accordance with the defined semantic 
models; 

 Approaches are applied to extract data from the created datasets 
by applying Semantic web technologies for queries, rules for reasoning, 
including in combination with data mining algorithms; 

 Opportunities to develop more comprehensive solutions that 
address a combination of the mentioned CRM benefits are outlined as a key 
direction for future research. 
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