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Abstract. In this paper we describe an ontology model that was designed and 

implemented to represent academic and institutional contexts related with a 

research center in Mexico City. The ontology model aims at supporting logic-

based query answering and reasoning regarding contexts such as geographical 

areas, time, persons, libraries, cultural and academic events, teaching and tutoring 

schedules. The type of questions that the ontology model is capable of answering 

range from academic issues such as tutoring and thesis supervision; those 

concerning the location of people, libraries, buildings, roads; those regarding 

time such as class schedules, event schedules; and even those about the food 

menu offered at the cafeteria of the institution. In order to evaluate the ontology 

model, a set of competency questions were translated into SQWRL rule-based 

query language. Results of queries show the feasibility of using ontological 

models as the supporting technology to implement ubiquitous and pervasive 

systems for academic environments. 
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1 Introduction 

Currently academic institutions and research centers manage large amounts of data 

concerning their academic and research activities, cultural events and services, and 

personnel. Such information must be available for students, professors, administration 

staff and visitors. The management of large amounts of data represents an opportunity 

for the adoption of Semantic Web Technologies. The literature shows a clear trend in 

the use of ontologies for knowledge management and information sharing systems that 

manage the context, such as: recommendation systems based on context, context- aware 

systems, context-adaptive systems [1, 2, 3], to name a few. Furthermore, several studies 

have reported on the use of ontologies for handling and representing contexts [4, 5, 6, 

7]. In this paper we describe the design and implementation of an ontological model for 

an academic and institutional context. The system offers a logic-based content provider 

for the answering of academic issues such as tutoring and thesis supervision; those 
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concerning the location of people, libraries, buildings, roads; those regarding time such 

as class schedules and event schedules. Furthermore, the ontology’s services are made 
available for mobile devices in order to take into account the users’ mobility. 

The rest of the paper is organized as follows: Section 2 presents our motivation; 

Section 3 describes the particular contextual models that support the institutional 

ontology model, and its integration as a web service; Section 4 presents an evaluation 

of the ontology model based on the defined competency questions, and the user 

interfaces built to accomplish this task; and finally in section 5 conclusions are 

presented. 

2 Motivation 

Over the last decades we have witnessed different research venues for semantic web 

technologies. Of particular attention is the growing community promoting and adopting 

the use of ontologies as the instrument for modeling contextual information. For 

example, an ontology model was developed for home health monitoring [8] especially 

for patients that need to stay at home, and under the continuous supervision of a care 

network (e.g. family members, doctors, nurses and the care center). The system 

provides access to the ambient and biomedical sensing data, the contextual 

representation of the patient health status, and possible health-care plans. Another 

interesting application for ontologies is proposed in MAIS [9], implemented for the 

context of tourist services which enable users to design their tour plans, schedule 

itineraries and be aware of transportation routes all over the same platform. An ontology 

model that takes into account location is mIO [10], designed to explore interoperability 

in a net- worked environment where, for example, content, services, connectivity and 

accessibility can vary among users’ profile and their location. 
Ontology models thus can help characterize and specify all of the entities needed to 

describe the context as a whole [11]. A context can be composed for contextual items 

such as location, physical data, activity, and instrumental and social context [12]. By 

means of ontologies it is possible to model an explicit specification of what users’ needs 
and offer back the level of information and services that would support individuals’ 
everyday activities [13],[14]. The set of ontology models described in this paper were 

designed to represent contexts such as geographical areas, time, persons, libraries, 

cultural and academic events, teaching and tutoring schedules. 

3 An Ontology Model for Academic and Institutional Context 

In this section we describe the set of contextual models that together integrate the top 

level ontology which in turn support the web service available for professors, students, 

administration staff and visitors. The main objective of this ontological model was to 

provide a prototype implementation to show the advantages and conveniences of 

ontology-based solutions for ubiquitous computing and pervasive systems. In 

particular, we aim in providing a knowledge-based system to support student lifestyle 

inside the campus. It is important to note that the ontology model was implemented in 
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Spanish language. On its own each ontology model represents a sub-domain of the 

contextual environment, i.e. institutional resources, facilities and services. The main 

ontology, integrating low level models, can be queried for information regarding 

zones/spaces, individuals, academic and no academic events and buildings. 

Geographic Area Ontology. This ontology model seeks to provide contextual 

information about the physical resources and facilities students would like to use or 

know about. For example, as they arrive to the institution premises they can query the 

system for the different zones used for parking lots (estacionamiento).  

 

Fig. 1. Geographic area ontology model. 

There is an ontology model for main buildings (edificio) and another one (areas) for 

the different sub-divisions exists inside buildings, e.g. professors’ offices, tutoring 
cubicles, student counseling, among others. Other buildings’ spaces that are 
occasionally used by students, e.g. toilets, conference rooms and administration offices 

are modeled into a section’s ontology (sección). In order to facilitate the location of 

physical facilities there is available an ontology model for paths (camino). As can be 

observed from Figure 1, any physical facility has a longitude and latitude (GPS 

landmark) property. 

Person Ontology. The Person ontology (Figure 2) aims at representing individuals that 

are part of the institution, or that are visitors. The class Person is axiomatically 

described as follows: every person must have exactly one name, every person must 

have exactly one gender, every person must have exactly one date of birth, every person 

must have exactly one age, and every person must have at least one nationality. The 

student class (alumno) is used to represent individuals that may be of two classes: MSc 
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degree students and PhD students. With an employee class (empleado) we defined 

academic, teachers and researchers, and administration staff. There is also a class to 

take into account visitors, no matter for how long these individuals would stay at the 

institution. 

 

Fig. 2. Person ontology model. 

Academic Ontology. This model is used to provide information about the courses or 

subjects being offered by the institution. Classes contextualizing this ontology include 

the subject (materia), its timetabling, and the professor teaching that particular course. 

For the sake of space in Figure 3 is offered an extract of the relationships existing 

between the academic, person and geographic ontologies, highlighting their object 

properties. 

 

Fig. 3. Semantic relationships between the ontologies Academic, Person and Geographic Area. 
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As indicated in Figure 3, object properties are important in order to link concepts 

between ontologies and to support query answering. In particular, the following object 

properties are of special interest: 

 agenda_tieneHorario. This object property has as domain the 

ProgramasAcademicos:Agenda class and as a range the 

ProgramasAcademicos:Horario class. This object property is used to create 

academic program schedules, associating the time with the subject name of the 

course.  

 agenda_seImparteEn. This object property has as domain the 

ProgramasAcademicos:Agenda class and as a range the Recinto class. This object 

property is used to specify the specific classroom where the course is to be taught. 

 agenda_esImpartidaPor. This object property has as domain the 

ProgramasAcademicos:Agenda class and as a range the Persona:Profesor class. 

This object property is used to specify the professor responsible of teaching the 

course. 

Other Contextual Ontologies. There are two additional academic ontologies aiming 

at supporting academic, sports or cultural events. For instance, the events calendar 

ontology helps users to be aware of what events either academics, sports or cultural, are 

programmed in the institution calendar, so they cannot miss a single one. In addition, 

the library ontology model is used to rep- resent the library and the services it offers 

such as book titles and the number of items that are available for lending. There is also 

the “Ontology Area” which helps for location of the different sub-divisions exists inside 

buildings, e.g. professors’ offices, tutoring cubicles and student counseling, among 
others. An “Ontology Cafeteria” offers information about its daily menu. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4. Architecture for Academic and Institutional Context. 

Finally, in Figure 4 we present the three tier architecture which incorporates the 

ontology layer, the services layer and the client-side applications. As describe above 

the ontology layer consists of seven ontology models that together provide the semantic 
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concepts and relations for the set of Web services that are invoked from user’s client 
applications, introduced in the evaluation section.  

4 Evaluation 

The main contribution of this research relies on the system ontology design for the 

representation of an institutional context in order to support users with information 

about individuals, buildings, events, and other academic related resources. In order to 

enable the ontology model answer the contextual questions made by users a set of 

SWRL rules supporting the reasoning level of the ontology were implemented. Table 1 

presents some of the SQWRL rules that met some of the competency questions defined 

for the institutional model.  

Table 1. Competency questions and their respective SQWRL query rule. 

Competency 

Question 

Context of 

interest 
SWRL Query 

How many 

articles has 

Dr. X 

published?  

Looking up 

for a strong 

research 

area. 

Persona:Profesor(?p) ^ Persona:tieneNombre(?p, ?y) ^ 

swrlb:stringEqualIgnoreCase(?y, "Amilcar Meneses Viveros") ^ 

Persona:tieneArticulosPublicados(?p, ?cantidad)  

-> sqwrl:select(?cantidad) 

How many 

students 

graduated in 

area X?  

I would like 

to go for a 

successful 

career. 

Persona:Alumno(?x) ^ Area:Area(?area)  ^ 

Area:tieneNombre(?area, ?nombre) ^ 

swrlb:stringEqualIgnoreCase(?nombre, 

"PruebaConSistemasDistribuidosYParalelos") ^ 

Persona:estudiaEn(?x,?area)  

-> sqwrl:select(?x)  

Where is the 

office of 

Professor X?  

I would like 

to talk to a 

professor 

who may 

agree to be 

my thesis’s 
supervisor. 

Persona:Persona(?p) ∧ Persona:tieneNombre(?p, "Amilcar 

Meneses Viveros") ∧ seEncuentraEn(?p,?areaGeografica) ∧ 

GeographicArea:areaFormaParteDe(?areaGeografica,?seccion) ∧  

GeographicArea:tipoSeccion(?seccion,?tipoSeccion) ∧ 

GeographicArea:seccionEstaEn(?seccion,?edificio) ∧ 

GeographicArea:nombre(?edificio,?nombreEdificio) 

 -> sqwrl:select(?tipoSeccion,?nombreEdificio) 

Is the book X 

in the library 

Y? 

I need to 

find 

literature 

resources to 

complete 

assignments

. 

Biblioteca:Biblioteca(?y) ^ Biblioteca:Libro(?x) ^ 

Biblioteca:tieneLibro(?y,?x) ^ 

Biblioteca:Nombre(?x,"Sustainability in the Chemical Industry") ^ 

Biblioteca:NombreBiblioteca(?y,"Biblioteca de Química") 

-> sqwrl:select(?x) 

Where is the 

cubicle of 

person X 

located? 

I would like 

to talk to 

students 

working on 

Persona:Persona(?p) ∧ Persona:tieneNombre(?p, "Marco Antonio 

Castro Hernandez") ∧ GeographicArea:Cubiculo(?c) ∧ 

ocupadaPor(?c, ?p) ∧ 

GeographicArea:tipoCubiculo(?c,?tipoCubiculo)∧ 
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Competency 

Question 

Context of 

interest 
SWRL Query 

research 

areas that 

are of my 

interest. 

GeographicArea:areaFormaParteDe(?c,?seccion) ∧ 

GeographicArea:Seccion(?seccion) ∧ 

GeographicArea:seccionEstaEn(?seccion,?edificio) ∧ 

GeographicArea:Edificio(?edificio) ∧ 

GeographicArea:nombre(?edificio,?nombreEdificio) 

-> sqwrl:select(?tipoCubiculo,?nombreEdificio) 

How many 

places are 

available for a 

particular 

parking lot? 

Hope I can 

luckily find 

a slot in the 

car parking. 

GeographicArea:Estacionamiento(?e) ∧ 

descripcionEstacionamiento(?e,"Estacionamiento Computacion")∧ 

GeographicArea:cantidadCajonesTotales(?e, ?cTotales) ∧ 

GeographicArea:cantidadCajonesOcupados(?e, ?cOcupados) ∧ 

swrlb:subtract(?cDisponibles, ?cTotales, ?cOcupados) ∧  

descripcionEstacionamiento(?e,?desc) 

-> sqwrl:select(?desc, ?cDisponibles) 

 

The ontology model was evaluated using both computer and mobile interfaces. Users 

can interact with these interfaces to ask questions without having to hassle with edition 

and execution of SWRL rules. Figure 5 shows some of the questions posted to the 

ontology model and their correspondent response. 

An Android based interface was built to take into account user mobility. Figure 6 

presents how the user queries the ontology model to ask for the location of an 

individual. In Figure 6a, a student issued the query to ask for a teacher’s office. S/he 
first selects the object person (persona) of type teacher (professor) and by leaving the 

teacher’s office instructs the ontology to return this information. Figure 6b, shows that 
the ontology model by means of the web service returns the full name of the teacher, 

its office and the building this is in. 

 

Fig. 5. Java based client to evaluate the ontology model performance. 
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Fig. 6. The user asks the institutional ontology for the office of a teacher. 

5 Conclusions 

In this paper we have presented an ontology model that was designed and implemented 

to represent academic and institutional contexts. In terms of student support the 

ontology model is capable of answering location and resources/facilities issues. For 

example, students can get information about the office and classroom the professors is 

in. They can also identify where buildings, libraries, administration offices are, and 

what are the routes leading to these institution’s spaces. Moreover, users can be aware 
of the academic (e.g. seminars) and not academic (e.g. sports) events. Ontologies 

represent a key enabler for context-aware systems, as they enable concept and 

knowledge sharing while providing a model for context reasoning and query answering. 

We have evaluated the usefulness of the ontological model through the definition of 

competency questions and the implementation of an Android application to facilitate 

the user interaction with the ontology model. 
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