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Abstract. Different approaches that use ontology as a tool for generating, 
organizing and personalizing e-learning content can be found in literature. In 
the context of e-assessment, the notion of ontology has been used for different 
purposes. One of them is the use of ontologies as a mean of providing a 
structure to guide the automated design of assessments. Despite of the effort 
done in this direction, there is still a lot of work to be done since the most of the 
approaches have proposed lightweight ontologies that model a part of the 
assessment domain without considering pedagogical aspects. This paper 
presents a heavyweight ontology, called EAOnto, that conceptualizes the e-
assessment domain including a set of rules representing pedagogical principles 
that are worth to follow. In addition, an empirical evaluation is discussed.  
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1   Introduction 

During the last decade different approaches have emerged that include ontology, 
the main component of the Semantic Web technologies, as tools for generating, 
organizing and personalizing e-learning content including e-assessment [1-4].  

Within  the  applications related  to  assessment,  ontologies  can  be  used  for 
different purposes [4]:  (1) to capture the  structure of a domain,  (2) to capture  
experts  representation of a domain,  (3) to encode and  bind  content to a domain 
structure, (4)  to  score knowledge  map,  (5)  to  package  and  deliver  content at 
different grain sizes, (6) to be part  of a recommender  system,  and (7) to provide a 
structure to guide the automated design of assessment. 

In literature, different approaches that define an ontology as an structure to guide 
the automated design of assessment can be found in [5-7]. However, most of these 
approaches are based on lightweight ontologies that only model a part of the 
assessment domain. For example, in [5] the authors have defined an ontology for 
supporting open questions generation whereas in [6] the authors only model simple 
choice questions. In [7] ontologies are used to generate individual problems examples 



for students that consist of a question and its solution. An ontology that considers 
different kind of assessment was presented in [8]. However, the authors have modeled 
the knowledge by defining a lightweight ontology that includes concepts and a set of 
relationships between them.  

In contrast to a lightweight ontology, a heavyweight ontology is an axiomatized 
one that allows not only obtaining a richer semantic model but also inferring new 
knowledge from it [9].  

In order to e-Assessment be accepted by educators, a tool for supporting to devise 
or create valid and reliable assessments, from a pedagogical perspective, is needed. 
That means, it is required to define a mechanism for to validate whether the 
assessment covers all the learning objectives of a course and satisfies certain 
pedagogical principles such as those proposed by Bolivar [10]. For this purpose, a 
heavyweight ontology is required. 

Then, the main contribution of this paper is a heavyweight ontology, called 
EAOnto, that formalizes the conceptualization of the knowledge related to 
assessments in e-learning environments. The EAOnto can be used to support the 
definition of an assessment with the aim of obtaining a correct assessment from 
structural and pedagogical perspectives. 

This work is organized as follows. In the next section, the main concepts related to 
this paper are defined. Following, the development of the EAOnto ontology is 
presented. Next, an empirical validation of the EAOnto using a case study is shown. 
Finally, conclusions and future research directions are discussed. 

2   Foundation 

2.1   Ontology Definition 

The “ontology” concept, as the literature describes it, seems to enjoy as many 
definitions as there are attempts to define it. In the course of this paper, we will favour 
the one we believe to best match the context under consideration that is based on [11].  

Definition 1. An ontology is a 6-tuple consisting of concepts, relations, hierarchy, 
a function that relates concepts non-taxonomically, a set of axioms, and a set of rules. 

Formally:  O: =  {C, R, H, rel, A, Ru} where: 
 Two disjoint sets, C (concepts that represents classes of objects) and R 

(relations that describe binary relations among concepts). 
 A concept hierarchy, a directed relation H ⊆ C x C which is called concept 

hierarchy or taxonomy.  So, H(C1,  C2) means  C1 is a subconcept of C2. 
 A function  rel: R → C x C that  relates  the concepts non taxonomically. 
 A set of axioms A that are logical sentences always true that express the 

properties of model paradigm, expressed in an appropriate logical language. 
 A set of logical sentences about the domain of discourse Ru (rules) expressed 

in an appropriate logical language. 
The ontology community develops two criteria to categorize the ontologies: the 

depth of the domain model and the amount of the restrictions on domain semantics. 
Based on these criteria, ontologies can be lightweight or heavyweight [9]. The former 



describes concepts and relationships that hold among them. The latter add axioms and 
rules to the first ones. Then, every heavyweight ontology has a lightweight version. 

The main component of a heavyweight ontology is the set of rules. Considering 
that the OWL language is the standard for implementing an ontology and this is not 
always enough to do some deduction, then it is needed to combine OWL with other 
representation formalism as rules. One of the integration approaches is the Semantic 
Web Rule Language (SWRL), which provides the ability to express Horn-like rules in 
terms of OWL concepts. In addition, with the aim of extracting information from 
OWL ontologies a query language is needed. The most powerful language is 
SQWRL, which is based on the SWRL rule language and uses SWRL’s strong 
semantic foundation as its formal underpinning [13]. 

2.2 The Assessment Domain 

Considering didactics, assessment is necessary to evaluate the learning process and, 
thus, also of relevance for the e-learning situation. Several tools have emerged to 
collaborate with assessment process in distance situation [14-15]. However, to design 
a quality assessment can be considered as a difficult task when the professor has not a 
pedagogical ground. 

Assessment can be classified in formal, informal and semi-formal assessment, 
depending on the formality and structure of assessment instruments used [16]. 
Thereby the formal assessments are structured: there is a place and a time setting 
where they are carried out. These are different types of formal assessment: simple 
choice, multiple choice, correspondence, conceptual maps and performance 
evaluation among others. The semi-formal assessments are homework and tasks that 
the student makes during lesson day and continue out of it. These types of 
assessments are for example reading comprehension, mathematical problems, trials, 
projects development, programming, conclusion development, outcome analysis 
among other. The informal assessments are not structured at all. They consist of 
quizzes and activities observations that professor makes during class and consume a 
few minutes. Some instruments that are used to systematize these types of 
assessments are:  class daily, control list, anecdotic annotations among other. 

An assessment is considered as composed of reactive. When professor develops a 
reactive in order to create an assessment, he uses the Bloom taxonomy [17]. It is used 
to classify the course or programs goals as function of six level of complexity:  

 Knowledge:  in this  level professor wants  to  evaluate  the  concept  
memorized  by students, for example  question  about  concepts. 

 Comprehension: professor wants to evaluate whether the student understood 
the semantic relation of information taught. For example, conceptual maps. 

 Application: professor wants to evaluate whether the student can use the 
information taught to solve practical problems, ie.  mathematic problem 

 Analysis: professor wants to evaluate the structure of knowledge.  
 Synthesis: professor wants to evaluate whether the student can develop 

original approaches based on the concepts taught. 
 Evaluation: professor wants to evaluate whether the student can make a value 

judgment on topics taught. 



3. The EAOnto Development  

In order to develop the EAOnto ontology, the METHONTOLOGY Methodology was 
followed [18] and the ontology was implemented by using the Protégé Editor 
(http://protege.stanford.edu). Following, the description of the EAOnto is presented.  

3.1 The EAOnto Ontology 

The main concept of the EAOnto is the Assessment. Assessments are part of the 
educational resources involved in the Teaching-Learning (TL) process when a 
professor wants to evaluate the concepts learned by students. An assessment is 
composed by activities, where activity is a motto or exercise that evaluates a 
particular domain topic. Each activity is composed by one or more reactives. A 
reactive is an item that uses an assessment instrument. 

The EAOnto ontology models different instruments that could be used in an 
assessment depending on the evaluation technique implemented by using the term 
Instrument. An assessment instrument is the physical support that it is used to collect 
the information about the expected learning of students.  

In the ontology are differentiated Formal instruments and Semiformal instruments 
as part of the use of formal techniques and semiformal techniques respectively. As 
Formal instruments of assessment, we consider instruments as part of techniques that 
demand a process of more sophisticated planning and are used regularly to complete a 
full cycle of TL process. 

As one of the main concepts of the ontology we define Objective Activity. In this 
type of activity, the student need not construct or write a response but read the 
question, think about the answer, identify or mark and complete it. This activity needs 
brief answers. With this type of activity the subjectivity in the rating is eliminated. 
There are different types of Objective Activities as seen in Figure 1: 

 Choice: MultipleChoice or SimpleChoice items consist of a statement that may 
be a phrase or question followed by four or more answer choices, represented 
in the ontology by the concept Option. The concept ObjectiveActivity is 
related with the concept Option with the relation hasOption. The concept 
Option is specialized in two sub-concepts: Distractor and TrueOption. 
Distractor are items that are not correct and TrueOption is the correct item: 
SimpleChoice: Contains only one correct option. MultipleChoice: Can have 
more than one correct option. In both last cases (Multiple and Simple choice), 
it is recommended that there is always a right option. It is recommended also 
that this type of activities do not include options such as "none of the above" or 
"all of them". These restrictions, among others, are implemented as rules in the 
ontology. In general, items should belong to the context of content area being 
assessed in a clear and simple way and preferably written in the affirmative 
mode. Distractors should appear as attractive as possible to the uninformed 
student. 

 Completion: In completion type activities, the student must write the answer in 
a blank space provided for this purpose. This type of activity presents 



difficulties of writing, such as the complexity of drafting an incomplete 
statement, so that there is only one correct answer. 

 Correspondence: This concept describes the activities in which there are two 
types of lists or columns of names, facts or principles. In one column the 
professor writes the list of premises. In another column are written alternatives 
of answer. Correspondence activities are very useful in the evaluation of 
academic performance and that through them can present a large amount of 
content. Some recommendations are: contain clear instructions to perform the 
mapping, include relevant material on each item; do not include more than six 
premises in the first column, among others.  
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Fig 1. Assessment Instrument Ontology. Formal instruments: Objective Activities. 

 
Completion and correspondence activities are related with the concept Answer (has 

Answer relation). This concept symbolizes the fact that there are different types of 
responses that these types of activities may have: TrueFalse, Numeric, Text, Relation. 

Figure 2 shows other types of formal instruments that can be used in activities also 
considered in the ontology: 
 Essay Activity:  This concept defines assessments of complex learning where 

professor wants to check the ability of students to produce, organize and express 
their ideas in writing and his independent reasoning ability. This concept is 
specialized in two sub-concepts: 

o Restricted essay: Professor asks the student a short and precise answer: 
“Enumerate…”, “Define..”, “Describe…”, among others. 

o Unrestricted essay: Professor gives the student freedom as to the nature and 
extent of their response (with time limit or number of pages).  

 As semi formal instruments, first we considered atomic instruments such as 
exercises, conceptual maps or essays, and secondly portfolios. The later consist of 
a collection of atomic elements that help professor record learning process and 
student’s progress, such as conceptual maps, essays or exercises. Conceptual Map 
defines activities that correspond to resources that can represent hierarchical 
graphics, concepts and propositions about a given topic. It can be made in three 



variants: (1) from a central theme or concept, (2) from a group or list of concepts 
proposed by professor, and (3) from a conceptual map or structure already 
developed to incorporate new concepts. 

 
These instruments are also considered in the ontology and can be observed in the 

same figure. 

 
Fig. 2. Assessment Instrument Ontology. Formal and semiformal instruments. 

3.2 Rules for determining the assessment quality  

There are same pedagogical rules that professor need to take into account in the 
development of assessment [10][19]. If these rules are followed we can say that the 
assessment is valid in a pedagogical sense. In this work we have used some proposed 
rules in order to define SWRL sentences to express the restriction in the generation of 
valid assessment. Table I shows the pedagogical rules that have been taken into 
account. The first column describes the rule in a colloquial language. Second column 
shows the fist-order logic description of such rules. 

Note that in using First-order logic we consider reification of concepts such as:  

Simple choice ∈ simpleChoices 
Multiple choice ∈ multipleChoices  

Option ∈ Options  
trueOption ∈ TrueOptions 
attribute ∈ attributes         

 
Table 1.  Pedagogical rules for simple and multiple choice in first-order logic. 

Description First-Order Logic 



Simple choice 
1. a simple choice activity 
must have at least four options 

 

2. A simple choice activity 
must have only one true 
option 

ℑ|= ∀x ∈ simpleChoices (∃ y, z, w, r  ∈ Options 
(hasOption(x,y)∧hasOption(x,z) ∧hasOption(x,w) 
∧hasOption(x,r) ∧y≠z≠w≠r ∧z≠w≠r ∧w≠r)     

ℑ|= ∀ x∈simpleChoices (∃!y ∈ TrueOptions 
hasOption(x,y)) 
 
Multiple choice 

3. A multiple choice activity 
must have more than one true 
option. 
 
4. A multiple choice activity 
must have more than four 
options. 
 
5. A multiple choice activity 
cannot have option like: “all 
of them” or “none of them” 
 

ℑ|= ∀ x∈multipleChoices (∃ y, z ∈ TrueOptions 
hasOption(x,y) ∧hasOption(x,z) ∧y≠z) 
 
 
ℑ|=∀x ∈ multipleChoices (∃ y, z, w, r  ∈ Options 
(hasOption(x,y)∧hasOption(x,z) ∧hasOption(x,w) 
∧hasOption(x,r) ∧y≠z≠w≠r ∧z≠w≠r ∧w≠r)     
 
ℑ|= ∀x∈multipleChoices (∃ y ∈ Options 
((hasOption(x,y) ∧  ∃ z ∈ attributes 
(hasAttribute(y, z) ∧ value(z,w) ∧ (w ≠ “all of 
them” ∨ w≠ “none of them”))) 

 Then, we can say that an assessment is valid if it is compliant with the above rules. In 
order to check the validity of an assessment generated with the proposed ontology we 
have implemented these rules using SWRL and SQWRL languages. Beginning with 
simple choices, rules 1 and 2 were implemented:  

SimpleChoice(?sc)∧Option(?o) ∧ hasOption(?sc,?o)∧ 
sqwrl:makeSet(?os,?o)∧sqwrl:groupBy(?os,?sc)∧ 

sqwrl:size(?t,?os)∧sqwrl:greaterThanOrEqual(?t,4)⇒ 
optionQuantityValid(?sc)    

 
 
(1) 
 

SimpleChoice(?sc)∧distractor(?d)∧sqwrl:makeSet(?s1, ?d)∧ 
sqwrl:groupBy(?s1,?sc)∧ sqwrl:size(?t,?s1)∧sqwrl:equal(?t,1)⇒ 

answerQuantityValid(?sc)  

 
(2) 

As regards multiple choices we have three restrictions 3, 4 and 5 in table I that are 
represented with sentences (3), (4) (5) and (6) respectively. Note that the restriction 5 
was represented with two sentences 5 and 6 for simplicity.  

MultipleChoice(?mc) ∧ distractor(?d) ∧ sqwrl:makeSet(?s1, ?d) ∧ 
sqwrl:groupBy(?s1, ?mc) ∧ sqwrl:size(?t, ?s1) ∧ sqwrl:greaterThan(?t,1) ∧ 

answerQuantityValid(?mc) 

 
(3) 
 

MultipleChoice(?mc) ∧ Option(?o) ∧ hasOption(?mc, ?o) ∧ 
sqwrl:makeSet(?os, ?o) ∧ sqwrl:groupBy(?os, ?mc) ∧ sqwrl:size(?t, ?os) ∧ 

sqwrl:greaterThan(?t,4) ⇒ optionQuantityValid(?mc) 

 
(4) 
 

MultipleChoice(?mc) ∧  hasOption(?mc, ?o) ∧ label(?o, ?l) ∧ 
 
(5) 



sqwrl:normalizeSpace(?n,?l) ∧ sqwrl:stringEqualIgnoreCase(?n, “all of 
them”) ⇒ whithoutAll(?mc) 

 

multipleChoice(?mc) ∧  hasOption(?mc, ?o) ∧ lavel(?o, ?l) ∧ 
sqwrl:normalizeSpace(?n,?l) ∧ sqwrl:stringEqualIgnoreCase(?n, “none of 

them”) ⇒ withoutNon(?mc) 

 
(6) 
 

Finally, if a simple choice meets the restriction (1) and (2) we can say that this simple 
choice is valid. This statement is represented with the following rule:  
 

SimpleChoice(?sc) ∧optionQuantityValid(?sc) ∧ answerQuantityValid(?sc) 
⇒ validSimpleChoice(?sc) 

 
(7) 

 
In the same way, if a multiple choices meets the restriction (3), (4), (5) and (6) is a 

valid multiple choices:  

4 EXPERIMENTS AND DISCUSSIONS 

In order to empirically evaluate the EAOnto, a case study based on a final exam 
related to an Artificial Intelligence course was considered. The assessment is 
composed by three activities as shown in Figure 3. The first activity is about search 
domain topic and has two reactives both of them use completions instruments. The 
second is about Machine learning domain topic and has one reactive corresponding to 
a multiple choices instrument. The latter is about Perspective projection and has one 
reactive corresponding to a simple choice. 

 
 
 
 
 
 
 
 
 
 

 
Fig. 3.  The Artificial intelligence assessment (from http://www.ai-class.com/). 

Figure 4 shows the AI assessment represented by ExamIntroductionToAI_2011 
instance. It has three activities: SearchActivity, MachingLearningActivity and 
PerspectiveProjectionActivity.  

multipleChoice(?mc) ∧whithoutAll(?mc) ∧whithoutNon(?mc) 
∧optionQuantityValid(?mc) ∧answerQuantityValid(?mc) ⇒ 

validMultipleChoice(?mc) 

 
(8) 
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Fig. 4.  The Artificial intelligence assessment instance. 

Each activity has a set of reactives, which in term use some instruments. Figure 5 
shows the instances associated with searchActivity. It has two reactives item1 and 
item2 both of them use instances of completion as instruments. 

 
Fig. 5.  Search Activity from AI Assessment as instances of EAOnto.  

Once inserted the instances, the ontology was able to make infereces, as for example 
to infer the assessment consistence or even the validity of the assessment from a 
pedagogical perspective. The first inference can be done by using a general reasoner 
following the axioms associated to the language in which the ontology is represented. 
In the case study, the Pellet reasoner was used.  In order to make the second inference, 
the rules defined in the previous section were implemented by using the SWRL Rules 
Tab of the Protégé Editor. In the case study, the execution of the rules inferred that 
the third activity is not a valid simple choice from a pedagogical point of view, 
because it contains three options (Rule 4). 

5 CONCLUSIONS AND FUTURE WORK 

This work has shown an ontology, called EAOnto, which purpose is to conceptualize 
the assessment domain in a TL process with the aim of supporting the generation of 
assessments in an e-learning context. In contrast to previous work, EAOnto is a 
heavyweight ontology that models the different kinds of assessments. The main 
component of the EAOnto ontology is the rules defined in SWRL and SQWRL. 
These rules determine the validity of a given assessment based on pedagogical 
criteria. This is a useful tool at the moment of defining an assessment to ensure its 
quality from a pedagogical perspective. 
In order to illustrate the use of the EAOnto, an example for an Artificial Intelligence 
assessment was discussed. In the future, we intend to acquire additional validation 
assessments for a broad evaluation and refinement of the ontology. 
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