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Abstract. The systems usability has been the subject of increasing dis-
cussion for several decades and when this concern to computer support
collaborative learning (CSCL) environment, it becomes a harder task. In
CSCL environments, the usability is evaluated based on the the techni-
cal and pedagogical aspects. Therefore, the literature discusses different
methods and techniques to validate usability in such environments. How-
ever, these methods usually need to be applied manually. The manual
process use to be very expensive, very specific and time consuming. In
addition, in CSCL environments, the usability validation becomes even
more difficult due the existence of several usability requirements and its
high level of interaction. For this reason, there is a need to automate the
process. On the one hand, the technical usability can be automated after
a formal description of the environment features. On the other hand, the
pedagogical usability is dependent on the user experience and it is not
possible to be totally automated. This paper presents a semi-automatic
validation system to improve usability in CSCL environments. It uses
ontology to represent the usability knowledge and software agents to
automate the process. Finally, a case study in a real environment is des-
cribed to present the advantages of using the proposed system.
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1 Introduction

The teaching process has the potential to become more active, dynamic and
personalized through computer support collaborative learning (CSCL) environ-
ments. Moreover, CSCL plays an important role in learners performance, for
example, it has been suggested that CSCL helps students to facilitate high or-
der cognitive processes and to create new knowledge [3].
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When they have low usability these environments may hamper the interac-
tion, causing a high degree of negative experiences. On the other hand, a good
usability can emphasize high levels of participation of students and improve the
learning process. Therefore, it is very important to take into account the usability
during the development of CSCL systems. In CSCL environments, the evalua-
tions should consider two types of usability: technical and pedagogical usability.
On the one hand, technical usability addresses the technical interfaces enabling
the development focused on the audience. On the other hand, pedagogical usa-
bility is associated with the educational materials and course preparation.

In this context, this paper presents a semi-automatic evaluation system to
improve usability in CSCL environments. This system uses usability methods
and techniques presented in the literature to create rules to deal with usability
problems. This system considers the automatic inspection to evaluate the tech-
nical usability and questionnaires to evaluate the pedagogical usability. It also
uses the user interaction to suggest new usability rules that can be added in real
time. To accomplish this and to automate the process the system uses ontology
and software agents. A case study in a real environment is described to present
the advantages of using the proposed system.

2 System Proposal

This section aims to present the system features, describing each component
of the system and the interaction among them. As presented in Figure 1, the
proposed system has uses semantic technologies (i.e. ontologies) to represent the
domain knowledge and software agents to automatically perform the inspection
rules into the ontology. The ontology represents the CSCL environment features
under the usability perspective. In addition, the system uses to pedagogical
usability validation. With these components, the report generator component
uses the agent and questionnaires output the generate a report in order for the
team to improve the environment usability. Each system component is detailed
in the next subsections.

Fig. 1. System Components Overview
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2.1 Domain Ontology

In order for the system to ensure the consistence of the inspection and the report
generation, an ontology for representing usability into CSCL environments was
modeled. The ontology represents concepts, relationships, and axioms related to
the knowledge domain. The specification of the ontology is presented in Table 1.

CSCL ⊑ has pages Pages CSCL ⊑ color consistency Boolean

CSCL ⊑ presentation Boolean

Pages ⊑ has container Container Pages ⊑ presentation Boolean

Pages ⊑ description String Pages ⊑ everyday expression Boolean

Pages ⊑ has alert Boolean Pages ⊑ id String

Pages ⊑ language String Pages ⊑ layout String

Pages ⊑ title String

Container ⊑ has item Item Container ⊑ layout Container String

Item ⊑ has link Link Item ⊑ has paragraph Paragraph

Item ⊑ has form Form Item ⊑ has buttons Buttons

Item ⊑ has image Image Item ⊑ has block Block

Block ⊑ has Item Item Block ⊑ has Link Link

Block ⊑ has Tool Tool

Table 1. Domain Ontology

The main ontology concepts are described as follows: i) CSCL: it has a
brief environment description and contains all the pages of the environment
(has pages); Pages: this entity contains page description (presentation, descrip-
tion, language, id, title), page design information (layout), alerts (everyday expression,

has alert), and containers (has container); Container: the container has the re-
sources (Item) that can be used in the CSCL environment. It is important to
say that a container may have more than one Item; Item: Items contain the
features of the environment (e.g. text, forms, buttons, images, tools); Block: it
contains item sets. The idea is to facilitate the grouping on the page.

2.2 Controller Agent and Validation Agent

The software agents are used to assess the environments at run time. If some
changes occur in the domain ontology or in the rules the agents automatically
perform the rules to inspect the usability of the environment. The system pro-
vides two types of software agents which are used to perform automatic verifi-
cation.

The Validation Agent is responsible for validating the environment based on
usability rules (described in the Section 2.4). After the validation, this agent
generates a report with the usability issues and their status. As a result, the
information obtained through this agent are used to produce reports to the
system administrator.
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The Controller Agent monitors the directory that stores the domain ontology
and rules. Thus, for each new environment that is represented in the ontology,
the controller agent creates a new validation agent. Therefore, when a CSCL
administrator wants to create a new usability validation it is not necessary to
run the system, he just needs to update the domain ontology. It is important
highlight that for each new environment a new validation agent is instantiated.

2.3 Questionnaire

In order to complete the assessment generated by the software agents the system
uses a questionnaire, which should be answered by the students. The question-
naire was designed based on pedagogical and technical usability issues according
to [1, 2]. Broadly speaking, it is used to confirm the issues raised by the software
agents and to better understand the student’s behavior.

The questionnaire is composed by 36 questions and aims at providing both
technical and pedagogical usability information, such as the content granularity,
the quality of the content and if it is easy to use, the quality of the layout, the
appropriateness of the tool during activities, the interaction of the user, the kind
of pedagogical activity, and others.

2.4 Rules and Validation Process

A collection of usability rules were created taking into account pedagogical and
technical aspects. It was created based on three aspects: (i) rules presented in
the literature; (ii) rules made by experts; and (iii) rules inferred by the system.

This work has a knowledge base which contains 72 usability issues. Some
examples of them are: the environment does not use jargon abbreviation or
unknown expressions; the colors of links are consistent with the web conventions;
users like the activities on the environment, and so on. The usability issues
were made based on [1, 2]. The Table 2 shows some usability issues and their
description. It is important to say that the numbers for each usability issue
presented in Table 2 represents a usability axiom. The mapping is based on the
aforementioned works.

Usability Category Usability Issue

1 - Pedagogical Usability 1, 2, 4-12, 14, 19, 20, 21, 25-29, 56-72
2 - Technical Usability 3, 13, 15-18, 22-24, 30-47, 67

3 - Technical and Pedagogical Usability 48-55
Table 2. Usability Category - Usability Issue
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For each usability issue in usability category 1, the system has a question re-
lated to it. This question are available on the questionnaire. These questions are
answered by the users. In addition, for each usability issue present in usability
categories 2 and 3, the system maps the usability issue to a set of rules described
with SPARQL5. Therefore, there are two validation methods: questionnaire, des-
cribed in Subsection 2.3 and SPARQL rules performed by the agents described
in Subsection 2.2.

3 Case Study

This section describes the case study applied to evaluate the system. The case
study was executed in a real collaborative learning environment, Moodle6 and
it is used as the learning environment at Federal University of Alagoas - Brazil.

The goal of the case study is to apply the system in order to evaluate the
technical and pedagogical usability of a course. For this reason, the questions
related to the case study are: (1) how adequate is the technical usability in the
course/environment? and (2) how adequate is the pedagogical usability of the
system? (3) Which aspects of technical and pedagogical usability are inadequate?

The questionnaire contains 36 questions of usability evaluation, each question
related to pedagogical usability issue. Moreover, each question was inspected to
verify its applicability with regards to the learning material developed for the
case study. The questionnaire was available online to the users, and 15 users ans-
wered it. For each question was quantified students’ agreement or disagreement
about the specific aspects of pedagogical usability. The higher was the agreement
with the question answered by the student, the more important this pedagogical
usability issue was considered.

The validation of usability category 2 and 3 (see subsection 2.4) were made
through the execution of rules by the validation agent. In order to do that, the
domain ontology was populated with instances. In these categories, the issues
were considered adequate or non-adequate, and this status was obtained through
the presence or absence of the object instance or interface feature of the learning
environment.

After that, the report generator compiles the outputs into reports. The cur-
rent version of the system has graphical reports and check lists with regards the
usability issues.

The next stage was the validation of usability category 2 and 3 through the
rules and intelligent agents described above. The Table 3 shows the result of
some usability issues and the status after execution of the rules.

The results obtained through questionnaire were added with the results ob-
tained by execution agents, in order to generate the usability reports. Therefore,

5 SPARQL Query Language for RDF is W3C recommendation since January 2008 -
http://www.w3.org/TR/rdf-sparql-query/

6 More details: http://moodle.com/
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Usability Issue Status

The feedback (warning/response given by the system)
is immediate Non-Adequate

There is a common form of presentation and content organization used
in all environment Adequate

Table 3. Result of Rules Validation

the results obtained by usability evaluation of the three categories are shown
to system administrator through the check list (Table 3. In addition, this work
checked which usability issues were considered most critical from the point of
users view.

4 Conclusion and Future Work

This paper presented a validation system to improve usability in Computer Sup-
port Collaborative Learning Environments. To accomplish it, the system uses
usability rules according to the literature, rules made by experts and rules in-
ferred by the system. These rules validated both technical and pedagogical as-
pects. The system works in a semi-automatic way. On the one hand a group of
agents interact with the ontology and perform the rules to evaluate the environ-
ment usability. On the other hand, a questionnaire is submitted to the students
in order to obtain their opinions about the usability. As a result, the system
provides reports in order to help the administrator to improve the usability of
the CSCL environment. As future works, the authors intend to: i) extract the
relevant features of the CSCL environment and populate the domain ontology
automatically, ii) create a guide to recommend good usability practices, iii) im-
prove the usability rules and iv) evaluate with different CSCL environments.
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