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Abstract. The importance of the human factor in 21st century organizations 
means that the competent development of professionals has become a key as-
pect. In this environment, mentoring has emerged as a common and efficient 
practice for the development of knowledge workers. Following the surge of 
concepts such as eMentoring, advancements of the Internet and its evolution 
towards a Semantic Web, such developments present novel opportunities for the 
improvement of the different characteristics of mentoring. Basing itself on such 
advancements, this paper presents SeMatching, a semantics-based platform 
which utilizes different personal and professional information to carry out pair 
matching of mentors and mentees.  

Keywords: Semantic Web, Social Software, Mentoring, e-Mentoring, Pair 
Matching. 

1   Introduction 

The dramatic spread of the Internet throughout all levels of society has substantially 
transformed forms of communication, entertainment and acquisition of knowledge. A 
constantly increasing number of people encounter responses to their questions on the 
Internet on a daily basis, and have adapted it as a new form of communication. These 
novel forms of social behavior have had the result that user preferences and behavior 
can be easily obtained, which combined with a user’s professional data, represent an 
opportunity for knowledge management initiatives. In order to fully exploit such 
initiatives, it is necessary to rely on technological tools which enable the organization 
and exploitation of data for a determined objective.  

Regarding the concept of mentoring, since the end of the 1970s, mentoring has  
become a business practice for staff development which has attained general applica-
tion. This practice has also been influenced by the boom of the Internet, and the im-
mediate consequence of this has been the appearance of e-Mentoring. The focus of 
the current paper finds itself at the union of mentoring with the new capabilities of the 
Internet, and has been named SeMatching. SeMatching has been conceived as a tool 
based on the Semantic Web (SW) to facilitate pair matching in mentoring. The tool 
can be used in both traditional mentoring environments, as well as for e-Mentoring. 
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2   eMentoring: A New Social Tool, an Ancient Way of Career 
Development 

The concept of mentoring dates back to the earliest stages of human civilization [1]. 
The origins of the mentoring term can be traced back to the history of Ancient 
Greece. In Homer´s masterpiece, “The Odyssey”, Ulysses, king of Ithaca, delegates 
his house and the education of his son, Telemachus to Mentor, when he leaves for the 
Troy War (traditionally dated 1193 BC-1183 BC). However, different authors [2] 
claim that, despite the term having its origin in Ancient Greece, the concept stems 
from methods and techniques of three Chinese kings, Yao, Shun and Yu between 
approximately 2333 and 2177 BC. Therefore, despite the importance of the classical 
Greek etymology, the Chinese origin is earlier than the Greek one. 

Apart from its origin, current literature stemming from a number of disciplines 
(Management, Social Psychology, Sociology…) has provided a significant number of 
studies about mentoring from the late seventies to the 20th century. As a consequence 
of the interest raised by the topic and its broad application to business environments, 
multiple definitions of the term have been coined. Hence [3] have undertaken a re-
conceptualization of the term from an in-depth study of existing literature definitions. 
Mentoring has thus been defined as an improvement process concerning a number of 
aspects related to a professional career, but also with the global improvement of the 
individual, which requires a senior advisor and a junior protégé. The relationship 
established implies benefits for both sides involved. The protégé obviously achieves a 
remarkable improvement in his professional career, promotion-wise [4], [5], a higher 
income [4], [6] and more satisfaction and social acceptance in the working environ-
ment [7]. On the other hand, mentors benefit from high-speed promotions, reputation 
and personal satisfaction [8], [9], [5]. Finally, organizations consequently gain a 
higher motivation from employees, more working stability and the improvement of 
leadership and development skills in its core [8], [10], [11], being able to rely on 
employees with more adaptation skills, ready to face a decision making process with 
more guarantees [12], develop social capital in broader social networks [13] and fi-
nally, support knowledge transfer across projects [14]. 

As discussed in [15], there are three main factors, codenamed as “demographic” 
that might influence the productivity of the mentoring relationship: firstly, the dura-
tion, and secondly the type (formal or informal) and, lastly, the demographic compo-
sition of the relationship (in terms of gender and race, mostly, the latter quite variable 
and more relevant in inter-cultural societies such as in the USA). The first two vari-
ables are interconnected, it has been proved that informal mentoring relationships take 
more time and outperform formal relationships in terms of professional development 
[7]. Concerning demographic compositions, different features of the binomial struc-
ture also affect the final outcome of the process, both sides being of the same race and 
gender being the most productive relationships [15]. 

Due to the capabilities of technology of setting up new communication means and 
paradigms among people, the envisagement of electronic communication as a means 
for mentoring relationships was immediate. E-Mentoring refers to the process of us-
ing electronic means as the primary channel of communication between mentors and 
protégés [16]. The key distinction between electronic mentoring and traditional  
mentoring (t-Mentoring) is reflected in the face-to-face time between mentors and 
protégés. The communication means used by both sides is absolutely different in the 
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two mentoring types. While traditional mentoring uses face-to-face relationships, e-
Mentoring, which also harnesses face-to-face relationships, particularly at the begin-
ning of the relationship, is principally based on email, chat, instant messaging and 
several other Internet applications. In [17], authors point out that e-Mentoring com-
munication can take place synchronously (for example, electronic chat, instant  
messaging) or asynchronously (for example, email, message boards).  

As previously outlined, e-Mentoring is a type of mentoring, based totally or par-
tially on electronic communication. Due to the large amount of electronic communi-
cation instruments, a remarkable number of different names for the e-Mentoring  
concept have been provided. According to Perren [18], e-Mentoring can be seen to 
encompass a range of terms: computer-mediated mentoring, tele-Mentoring, e-mail 
mentoring, Internet mentoring, online mentoring and virtual mentoring.  

Although Evans and Volery [19] suggested from their survey of experts that  
e-Mentoring is “second-best” and should only be seen as a supplement to face-to-face 
mentoring, there are many other studies in which e-Mentoring is considered as a valid 
vehicle to overcome some of the barriers posed by t-Mentoring. E-Mentoring provides 
flexibility and easy access, which is highly beneficial to those who may face barriers to 
being mentored, because of their gender, ethnicity, disability or geographical location 
[20]. Hamilton and Scandura [16] also analyze the advantages of e-Mentoring  
compared with t-Mentoring. These advantages are classified into three groups:  

• Organizational structure 
• Individual & interpersonal factors 
• Flexible / alternative work arrangements 

Firstly, regarding the organizational structure, e-Mentoring eliminates geographical 
barriers characteristic of face-to-face interactions, smoothes status differences  
within the organization and increases the pool of available mentors. Secondly, con-
cerning individual and interpersonal factors, the absence of face-to-face interactions 
decreases and minimizes gender or ethnical issues impact by increasing the effective-
ness of mentors with a lack of social skills. Finally, regarding flexible or alternative 
work arrangements, the ability and actual capability of performing asynchronous 
communications implies the elimination of temporal barriers or caveats. In addition, 
communication is not geographically bound. 

Other studies provide further arguments which support the work of Hamilton and 
Scandura [16]. Hence, following this trend, Warren and Headlam-Wells [21] observed 
that t-Mentoring, typically operating in large organizations, tends to cast the mentee as a 
passive recipient of structured formal provision of mentoring. In contrast, the use of the 
Web as a communication means provides improved access for the mentor and the men-
tee, and as stated by [16], creates a larger pool of potential mentors and mentees [22]. In 
addition, as with other e-learning programmes, a major advantage of an e-Mentoring 
system is its cost effectiveness [23], [24]. There are high start-up costs, but once estab-
lished, the operational costs are relatively low. Costs related to travel or time away from 
the job and costs of updating learning resources can be reduced. Lastly, a record of the 
‘‘discussion’’ usually exists for later reflection and learning [24]. To summarize, it is 
possible to state, as discussed by Clutterbuck and Cox [25], that e-Mentoring will be 
able to overcome many of the problems characteristic of t-Mentoring. 

Nevertheless, not all e-Mentoring features are win-win for the mentor-mentee rela-
tionship. Eby, McManus, Simon and Russell [26] conducted empirical work in this 
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area that further examined the dark side of mentoring, and developed a useful taxon-
omy of negative experiences from the mentee perspective using qualitative data. 
These authors make important distinctions between what is considered negative and 
how that might be different from the perspective of the mentee and the mentor. A 
later study conducted by Ensher, Heun and Blanchard [27] uses the findings of [26] to 
identify five major challenges in e-Mentoring: (1) likelihood of miscommunication, 
(2) slower development of the relationship online than in face-to-face mentoring, (3) 
the relationship requires competency in written communication and technical skills, 
(4) computer malfunctions, and (5) issues of privacy and confidentiality. 

Pair matching criteria is one of the most important issues in both e-Mentoring and t-
Mentoring. This concept is based on the assignment of a mentor to a mentee depending 
of a number of parameters defined with the purpose of harnessing the mentorship. 
Such parameters might include values, gender coincidences, related professional ex-
perience, and so on. Despite it being a key issue of concern for mentoring, crucial 
according to [24], there is little research concerning the matching of pairs [23]. Cohen 
and Light [28] argue that matching solely on the basis of mentees needs and mentors’ 
skills may not be enough to ensure successful matches, and suggest that personality 
factors may also be significant. Indeed, successful mentoring relationships are often 
reported as those where mentees felt they shared their mentors’ personal values [23]. 

With the exception of a small number of mentoring programmes which use a for-
mal matching system, most tend to use a ‘hand-sift’ method, whereby mentees are 
matched with a mentor who suits their needs [29]. However, if a number of people of 
remarkable size is faced, this type of selection can unfortunately not be applied. 
Therefore, [29] suggest a set of eleven criteria that allow the automation of the proc-
ess, together with application criteria: 

Table 1. Matching criteria proposed by [29] for automatic pair matching 

Criterion Explanation 
Age Mentee matched with older mentor. 
Number of years work 
experience  

Mentee matched with mentor with more work  
experience. 

Level of qualification Mentee matched with mentor with higher  
qualification level. 

Marital status  Mentee matched with mentor with same marital 
status.  

Children  Mentee matched with mentor in a similar situation to 
themselves (having/had children).  

Dependent care  Mentee matched with mentor in a similar situation. 
Life/career history  Identify similarities in life/career experiences, e.g. 

having experienced barriers to progression. 
Personal skills  Mentee matched with mentor who could help them 

develop the personal skills they need to improve. 
Professional skills  Mentee matched with mentor who could help them 

develop the professional skills they need to improve.  
Vocational sector  Mentee matched with mentor who worked/had 

worked in a similar occupational area.  
Personal values Mentee matched with mentor who shared similar 

core values.  
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3   SeMatching: New Tool, Ancient Needs 

In today’s organizations, the capabilities of Information Communication Technology 
(ICT) have transformed not only forms of communication, but also the forms of per-
sonal development in professional environments. In particular, the arrival of the SW 
represents a revolution in the forms of accessing and storage of information. The SW 
term was coined by [30] to describe the evolution from a document-based web  
towards a new paradigm that includes data and information for computers to manipu-
late. The SW provides a complementary vision as a knowledge management envi-
ronment [31] that, in many cases has expanded and replaced previous knowledge 
management archetypes [32]. In this new scenario, SW technology has been identified 
as a factor which can be exploited in the environment of mentoring. According to 
[33], “Mentors can be semantically selected by matching profiles”.  

The application of semantics in relation to the management of human capital in or-
ganizations is not a new concept. One of the research areas which holds the longest 
tradition relates to the analysis of competencies. According to McClelland [34], com-
petence concerns the relation between humans and work tasks: rather than knowledge 
and skills themselves, competence involves the knowledge and skills required to  
perform a specific job or task in an efficient way. More recently, HR-XML defined 
competency as a specific, identifiable, definable, and measurable knowledge, skill, 
ability and/or other deployment-related characteristic (for example, attitude, behavior, 
physical ability) which a human resource may possess and which is necessary for, or 
fundamental to, the performance of an activity within a specific business context. 
Various initiatives which propose the use of this new technology have been seen as a 
result of the popularity of the competency concept and the growth of the SW. The 
technology has been applied for the training of work teams [35], filling competency 
gaps in organizations [36], analyzing competency gaps [37], knowledge management 
for software projects [38], knowledge sharing and reuse [39], assist the learning proc-
ess [40] or assist work assignment [41] to cite some of the most recent initiatives. 
Zülch and Becker [42] expressed the need for a fixed terminology of competence-
related concepts, and Schmidt and Kunzmann [43] pointed out that Ontology-based 
approaches are the solution for the crucial trade-off in competency modeling needs. 
Taking those two conclusions into account, all of the works mentioned use ontologies 
as a tool. Thus ontologies are the appropriate formalisms to represent competency 
concepts. Similarly, in the current work, ontologies can be used to represent pair 
matching concepts. The theory which supports the use of ontologies is a formal theory 
within which not only definitions but also a supporting framework of axioms is  
included [44]. 

However, neither the competency ontologies used, nor some of the standardization 
efforts on modeling competencies can cover all of the characteristics which pair 
matching spans. An adaptation of the available competency ontologies is required. 
The LUISA Project (http://luisa.atosorigin.es) addresses the development of a refer-
ence semantic architecture for the major challenges in the search, interchange and 
delivery of learning materials. A deliverable of this project is the Generic Competence 
Ontology (GCO).Using this specification as a base which is adapted for mentoring 
pair matching issues, many of the criterions can be directly included just by using 
concepts from the ontology (person, competency, attitude, skill, job position…), while  
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others must be updated (Vocational sector, Personal values… ). As a result of this, a 
modified version of GCO adapted to mentoring scenario is used here. The figure 
below demonstrates the architecture of Sematching: 

 

Fig. 1. Sematching Architecture 

The current section details the different components of the architecture without 
specifically focusing on the software layer where they belong. This is not necessary, 
since the three functionalities are well defined and have a commonly shared and used 
pattern: 

• Annotation GUI: This component interacts with the user by providing a set 
of graphical elements to annotate the resources by means of semantic an-
notations based on the ontology used. 

• Retrieval GUI: It offers a semantic annotation retrieval functionality for the 
user, based on both the Reasoning Engine and the Query Engine. In the 
former, retrieval is envisaged as location of a subset of concepts by means 
of Description Logics subsumption. In the latter, the retrieval is provided 
by SPARQL definitions to find, manage and query RDF triples following 
a particular criteria. 

• Reasoning Engine: This component derives facts from a knowledge base, 
reasoning about the information with the ultimate purpose of formulating 
new conclusions. In the SeMatching framework, it consists of an OWL 
Description Logics based reasoner, such as the Renamed ABox and Con-
cept Expression Reasoner (RACER). It uses subsumption to find sets and 
subsets of annotations based on logical constraints.  

• Query Engine: The Query Engine component uses the SPARQL RDF query 
language to make queries into the storage systems of the back end layer. 
The semantics of the query are defined not by a precise rendering of a 
formal syntax, but by an interpretation of the most suitable results of the 
query. This is because SeMatching stores mostly RDF triples or OWL DL 
ontologies, which also present an RDF syntax.  
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• Semantic Annotation and Application Ontology Repositories: These two 
components are semantic data store systems that enable ontology persis-
tence, querying performed by the Business Logic layer components and 
offer a higher abstraction layer to enable fast storage and retrieval of large 
amounts of OWL DL ontologies, together with their RDF syntax. This en-
sures that the architecture has a small footprint effect and a lightweight 
approach. An example of such systems could be the OpenRDF Sesame 
RDF Storage system, or the Yet Another RDF Storage System (YARS), 
which deal with data and legacy integration. 

The SeMatching architecture is a self-contained, loosely coupled open architecture 
which allows using a wide range of software technologies for its implementation. The 
added value of SeMatching will be, taking into account its SW orientation, the inclu-
sion of really “soft” aspects like values in the ontology model. Many of the concepts 
that are related to pair matching (soft and hard skills, career history, qualification…) 
are used in other semantic efforts e.g. [38], [41], however the inclusion of values 
(which according to some authors are also present in competences, but as a part of it) 
in this scenario is new. In the other hand, in comparision with traditional pair match-
ing process, the use of ontologies can provide a common vocabulary and the undeni-
able matching that is associated with this approach. 

Many organizations are facing vitualization, outsourcing and offshoring. In this 
new scenario, mentoring, and, in particular, eMentoring can be a way to preserve 
organizational culture in complex work layouts. Thus, SeMatching can be seen as 
enabling technology for these organizations in which both knowledge and workers are 
scattered. Those organizations, like any others, need to preserve their culture by per-
forming a good mentoring process based on new pair matching processes. 

4   Conclusions and Future Work 

Taking into account the progressive virtualization of organizations, SeMatching 
represents a latent opportunity for organizations interested in the development of their 
intellectual capital. SeMatching represents an innovative and technologically ad-
vanced initiative, which takes advantage of the capacities that the SW provides. 

The current work proposes two types of initiatives which should be explored in fu-
ture research. In the first place, the integration of the functionalities provided by Web 
2.0 in the development of the profiles of the mentors and mentees. Populating the 
ontologies based on available social information represents a research opportunity 
which has been previously developed by the authors, and this data is considered here 
as an invaluable source for the creation of user preference profiles. Furthermore, these 
preference profiles may be very useful data sets for the addition of personal prefer-
ences in the pair matching process. In the second place, it is aimed to test the platform 
developed empirically by evaluating the capabilities of SeMatching from a qualitative 
viewpoint. The researchers envisage testing the platform using a set of tests carried 
out by experts who validate the platform from a qualitative perspective. From a quan-
titative perspective, authors are working in the prototype of SeMatching in order to 
perform a pilot study in an Spanish university. 
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