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Abstract— Semantic models used by organizational context-

aware recommender systems are limited to the specific 

organization domain where they are implemented and to a few 

type of items. Some of them are not designed to directly manage 

contextual conditions in the semantic model and they use non-

ontological resources to extract context information. Because of 

these issues, reusing those semantic models and to apply them to 

different organizations, domain or even to different type of items 

turns into a challenge. In this paper we present an Organizational 

Environment Ontology Network (OrEON), an extendable and 

reusable semantic model that is capable of describing multiple 

organizational environments integrating contextual aspects. This 

ontology network was built following the NeON Methodology and 

it is based on extracted concepts from organizational memories 

and it is enriched with international standards applied to 

organizational settings. To show the benefits of using OrEON in 

recommender systems we also described the FindIt! Project: an 

Ontology-based recommender system capable of suggesting 

heterogeneous items in an organizational environment. 

Keywords—Ontology network, semantic model, recommender 

systems, organizational environment, contextual conditions 

I. INTRODUCTION 

In recent years there has been a major development of 
software applications that emphasize users’ higher levels of 
comfort. It is important to capture the information of the context 
where users are [1]. Consequently, Context Aware 
Recommender Systems (CARS) have acquired more 
importance. CARS filter information represented as items 
according to the user’s interests. User’s profile and context are 
used for filtering this information. When the knowledge base 
where CARS operate is described in ontologies it is called: 
Ontology Base Context-Aware Recommender System 
(OBCARS). OBCARS use what it is consider to be functional 
knowledge to perform inferences. In other words, they poses 
particular knowledge of how an element respond to a specific 
user’s need, thus the relationship between a need and a possible 
recommendation can be rationalized [2].  

Some OBCARS have been developed for organizational 
environments [3] where the recommended items correspond to 
organizational elements filtered taking into consideration 
different factors (temporal, spatial information, user’s level of 

experience, device used) to infer where the user is located and 
to adapt the recommendations to those specific circumstances. 
In this way the access to the information the user needs is better 
enabled [4]. However, in these projects, ontologies or ontology 
networks are used based on the project’s requirements and the 
characteristics of the organization. For that reason it is necessary 
to realize different adaptation tasks if it is desired to use those 
projects to model a different organization.  

In this paper, we present a model that can be reused in 
different semantic projects, such as workflow applications [5], 
project management systems or resources’ planning systems, 
among others. The model is capable of describing several 
organizational environments by detailing the nature and 
structure of an organization as well as the set of contextual 
factors associated to different type of items related to the users 
of an OBCARS.  

II. RELATED WORK 

Several work concerning analysis, design and 
implementation of organizational models has been done and 
reported. Most of the projects are related with models that 
represent organizational information, specifically intellectual 
capital in its three components: structural, relational and human. 
Regarding recommender systems, a new tendency is perceived: 
the implementation of knowledge bases incorporating Semantic 
Web technologies. Ontological resources are being tested in 
order to allow a better way to use information and implicit 
relations. However, the integration of contextual information in 
organizational recommender systems is not fully adopted yet. 
This section shows a general view of these works. 

Bouzeghoub et al. [6] presents an OBCARS that uses a 
knowledge base that models a campus-type organization in 
order to suggest people, buildings, events and available 
resources. This recommender system was developed for using 
in mobile devices in campus settings and it is able to proactively 
show recommendations of relevant surrounding items. This 
work suggests that context is a multidimensional space where 
each dimension is represented by a specific ontology. In this 
way, the ontology set that is used to represent the 
multidimensional space is composed by: domain ontology, user 



ontology, activity ontology, localization ontology and time 
ontology. 

In [7], Routsalo et al. presents SMARTMUSEUM platform. 
Using rule-based approach, collaborative filtering and content-
based personalization this platform is able to show 
recommendations about items inside a museum. The ontology 
used in this work models all the information regarding the 
cultural heritage of the museum. This proposal considers two 
scenarios for using an OBCARS: interior and exterior. Interior 
scenario is oriented to users who visit the museum installations. 
Exterior scenario is intended for users who are visiting the city 
and looking for interesting surrounding places to visit. The user 
profile used in SMARTMUSEUM includes information about 
user skills and interests, and also the log of places the user 
visited. GUMO [8] and Getty6 ontology are used to represent 
the user skills and interests. In order to use the collaborative 
filtering approach, the log of visited places contains information 
about the context, identifier and rating of the place. 

The SEEMP Project [9] has the goal of facilitating the 
employment management in Europe. With this goal, an ontology 
network capable of describing employment features has been 
developed. This ontology network is called SEEMP Reference 
Ontology and it considers multiple contextual dimensions 
modeled in single ontologies, such as: job seeker ontology, job 
offer ontology, compensation ontology (based on ISO 4217), 
driving license ontology (based on European norms), economic 

activity ontology (based on NACE Rev. 2 standard [10]), 
occupation ontology (based on ISCO 88 [11], O*Net [12] and 
European Dynamics), education ontology (based on FOET and 
ISCED97 [13]), geography ontology (based on ISO 3166 and 
European Dynamics classification), labor regulatory ontology 
(based on LEFOREM classification [14]), competence ontology 
and time ontology. This ontology network is contains 1609 
classes, 6727 attributes and 94 relations. 

These reported works show similitudes in the techniques 
used to model knowledge bases, representing context, user 
profiles and the incorporation/reuse of multiple ontologies. 
However, unlike presented related work our proposal shows an 
integral organizational model that represents the three 
components of intellectual capital. Because of it the resulting 
semantic model may be applied and reuse to represent different 
organizations in a wide variety of system applications and it is 
not domain restricted. 

III. ORGANIZATIONAL ENVIRONMENT ONTOLOGY NETWORK 

The Organizational Environment Ontology Network 
(OrEON) is a set of linked individual ontologies that are 
associated using several ad-hoc relations and some meta-
relations to define modularization and versioning. According to 
the OM approach, OrEON has the goal of semantically 
describing organizational characteristics with special interest on 
organizational memories concepts. Organizational profile and 

 

Fig. 1. Overview of the Organizational Environment Ontology Netwrok (OrEON) 

 



intellectual capital modeling consider the way organizational 
entities acquire, transform, create and transfer knowledge, both 
internally and in association with other organizations. 

Another aspect to highlight is the modeling of different 
contextual dimensions related to an organizational environment. 
It is possible to reuse OrEON in projects related to context-
aware organizational learning, organizational recommender 
systems, organizational memories and even ubiquitous 
computing systems. The way OrEON has been defined allows 
to model different type of organizations such as companies, 
academic institutions, non-government organizations, 
government institutions or even organizational events (congress 
or symposium). 

OrEON was developed using the NeON Methodology [15] 
that implies some tasks regarding to the reuse and reengineering 
of ontological and non-ontological resources. These resources 
are standardized knowledge representations or accepted norms 
related to different domains that are part of an organizational 
setting. Such resources have been integrated in different 
knowledge subsets according to its importance, availability and 
potential use. In this context OrEON is composed by twenty 
linked ontologies where every single one is extensible and 
customizable to future implementation projects.  

An overview of the semantic model of the ontology network 
is shown in Fig. 1. In order to describe part of the ontologies that 
integrate the network we defined the two core ontologies: 

 Organization ontology: This ontology is associated 
directly to the organizational profile and is the core of 
the semantic model. It provides information about the 
organization. It is based on FOAF ontology [16] to 
handle general and contact information of an 
organization. Additionally, using International 
Accounting Standards IAS [17] and the International 
Financial Reporting Standards 2008 [18] the financial 
aspects are modeled. Also, we have reused ontological 
definitions of the TOVE project [19] for modeling 
commercial and public companies. It contains elements 
for modeling goals, roles, policies and organizational 
structure, including lines of communication. 

 Person ontology: This ontology is used to model 
information about people, including descriptions of 
their interests and preferences, as well as their general 
data and contact information, so it is closely related to 
the intellectual capital component called human capital. 
Person ontology is based on the FOAF ontology and is 
used to describe members of an organization and the 
users of an OBCARS.  

IV. WORKING WITH OREON: THE FINDIT! PROJECT 

The proposed model has been implemented in an OBCARS 
called FindIt! as a way to evaluate its utility. The FindIt! Project 
and its architecture are extensively described in [20]. FindIt! 
implements contextual recommendation services for 
organizations. It has the purpose of helping the final user to 
identify items around him in a personalized way. Among those 
items there are places, persons, activities, articles and events. 
FindIt! facilitates to locate items through contextual 
recommendations based on user’s profile. Such information 

encloses among many things the item availability, 
characteristics and access. FindIt! has been developed to work 
on multisensory mobile devices where the recommendations are 
shown to users through an augmented reality interface, SVG 
maps and descriptive text based on semantic context. 

The personalization of the recommended information is 
based on the users’ preferences (preferences are captured on line 
through a client application) and the specific contextual situation 
in which the user is. By contextual situation we refer to the 
contextual dimensions considered at the moment of executing 
the process of recommendation: temporal values, special values, 
organizational policies, etc.  

All the information processed by the system (such as the 
description of items, user profiles, contextual data, 
organizational data, interface’s description, feedback provided 
by the user) is stored in the knowledge base, developed with 
OrEON, to be accessed by a Rule-Based Inference Engine. 
Those rules have been defined using axioms and non-taxonomic 
relationships specified by the proposed semantic model. 

V. RESULTS 

We performed 96 executions of the inference engine to test 
the OrEON’s implementation in FindIt!. The ontology network 
was instantiated with 32 users from researchers’ catalogs and 
visitors to the test organization. It was also needed a set of 153 
items corresponding to organizational elements. The ontology 
network was instantiated with more than 2000 instances from 
the different OrEON’s classes. The instantiation process was 
made in two ways: manually by using Protégé and semi-
automatically by using NOR2O in order to transform the non-
ontological resources into ontological ones. 

The test process consisted of showing to the users a set of 
personalized recommendations based on the user profile and 
contextual characteristics, such as hour, day and place. Three 
scenarios with different contextual conditions were considered 
to test the recommendation process. 

As result, we observed that 42 items from the 153 available 
items were used. This is because the most of the users show 
interests associated to the same knowledge areas (related to 
computer science). However, these items correspond with the 
ones expected to be recommended using the inference rules and 
the user profiles. Additionally, a group of experts manually 
analyzed the items and users characteristics in order to identify 
a set of relevant items that, according their criteria, were 
interesting for the user. 

By analyzing the results from the experts and the ones 
gathered from the system we obtained 0.9130 in precision. This 
indicates that the most of the recommendations offered by the 
system belong to the set of items that were expected to be 
recommended. Besides, we obtained a 0.9545 in recall and 
0.9322 in f-measure due to some expected items were not 
recommended at all.  

The processing time of each test is variable. We identify that 
some characteristics that directly affect processing time are the 
time the organization is visited and the type of user. This effect 
is shown in Fig. 2. The maximum time that the system take to 



show recommendations was 5.6 minutes and the minimum was 
9 seconds. 

VI. CONCLUSIONS AND FUTURE WORK 

This paper presents OrEON, an ontology network designed 
to model organizational environments considering contextual 
factors. We have reused and reengineered several international 
standards and classifications to increase its level of consensus. 
This semantic model has been implemented in a functional 
prototype as part of the FindIt! Project.  

This prototype is an organizational OBCARS that offers 
heterogeneous items to users with mobile devices using an 
adaptive multimodal GUI. Initial tests related to the exploitation 
of the semantic model and the inference process demonstrated 
that it is possible use it in defining the knowledge base of an 
OBCARS. OrEON provides the semantics that allow FindIt! 
developers to create a set of rules based on different contextual 
dimensions that consider the user profile and the characteristics 
of the items. Additionally, an increased ease of knowledge 
transfer in multi-organizational environments is appreciated. 
This is caused by the use of international standards that unify 
associated criteria to the information separation, handling and 
manipulation in organizations modeled on the prototype testing 
phase. Finally, unlike other organizational semantic models that 
were created to be implemented in specific applications, OrEON 
is designed to support the modeling of different type of 
organizations such as private companies, government entities, 
non-governmental organizations or universities, for example. 

As future work and in order to know the level of satisfaction 
of users of applications that reuse OrEON, we work to include 
ontology modules that will allow semantically describing the set 
of factors and elements of user experience and behavior 
contextualized patterns. Furthermore, we are currently 
developing ontologies for modeling technology transfer under a 
context-aware approach and ontologies about organizational 
synergies. These future ontologies will be integrated into 
OrEON. 
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Fig. 2. Execution time variations, measured in miliseconds, under three 
different temporal conditions. 


