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Editing [8], [3] throughout a previous learning process as
feedback.
In summary, the contribution of this paper is the implementation and evaluation of a set of collaborative and sequenced
activities into the LMS Chamillo. These activities should
accomplish any learning objective aimed to generate Collaborative Compound Documents, through a learning sequence,
as constructivist theory holds [9]. This sequence, based on
previous experiences of university professors and high school
teachers, is made up of three steps:
1) An Introductory Activity (see section III-A) that can be
a lecture, external experiment or any activity that allows
the student to have a brief idea about the topic that will
be developed.
2) A brainstorming tool activity that allows students to
collaborate in a guided manner in order to share and
promote their experiences, thought and learning about
the previous activity. It reuses the capabilities of chat
and forum (section III-B1), which are some of the main
collaborative activities used by LMSs. In addition to a
concept maps tool (section III-B2) to relate the main
words/ideas proposed in the forum activity through the
collaborative construction of conceptual maps.
3) A collaborative compound document edition tool described in section III-C, that is a moderator-based approach previously reported in [10] which allows the text
composition through a shared document.
The tools used within Chamillo are lectures and forums,
plus two additional tools: concept maps and shared documents
(see ﬁg 1).
Section IV presents empirical results obtained from testing
a learning process developed by using these tools. It also
assesses the usability of the tools in a higher education environment, section V discusses the importance of the moderator
role and the intelligent aspects of the system. Finally, the
conclusions and future work are shown in section VI.

Abstract—Integrating CSCL activities is something that has
been widely discussed in the CSCL community but as yet only
implemented in a reduced set of domain speciﬁc tools. In this
paper we propose the integration of a set of default and authoring
CSCL tools into a standard LMS, as a complete sequence
of learning activities based on a constructivist approach. An
experiment was also carried out in order to verify the usability
and extent of the collaborative work in a real context.
Based on results of evaluation, we conclude that the integration
of chat was a useful addition to the concept map building
tool. This highlighted the professor role as a moderator entity
maintaining a central role during the learning experience. The
tests were carried out in presence of professors who felt that
software would be useful to promote the participation of students
and facilitate continuous assessment for this courses and other
courses.
Index Terms—LMS, CSCL, Collaborative Learning, Constructivism

I. I NTRODUCTION
Over the last few decades the growing impact of the internet
on society has changed the way people learn. In guided Web
learning environments, such as e-learning or b-learning, the
trend is towards letting people to contribute with their own
experiences in order to develop their knowledge [1]. This
is why online constructivist instruction aims to facilitate a
more participative interaction among students and instructors.
Instructors have to design courses to achieve speciﬁc learning
objectives. Normaly this is done using existing platforms, usually Learning Management Systems (LMSs) using Computer
Supported Collaborative Learning (CSCL) tools [2], [3].
In order to provide sequenced activities that realise a learning objective, a careful design of these activities must be made
prior to the use of the tools and materials so they can make a
better contribution to the students’ learning [4].
However, there are currently no CSCL tools that enable a
formal learning process under the most common LMSs. At
the present we only have isolated or external tools. These can
be used optionally by students (or professors) to collaborate
at their own peace or can be partially integrated into an LMS
[5], [6], [7]. This has been our motivation to integrate a set
of collaborative activities into the LMS Chamillo. This is
designed to support one of the most common methods for
constructivist instruction, Collaborative Compound Document
978-0-7695-4741-1/12 $26.00 © 2012 IEEE
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II. R ELATED W ORK
There has been a lot of research done in the area of
collaborative writing, a good survey of main techniques can
be found in [11]. Collaborative writing applications such as
259

Fig. 1.

System’s options
Fig. 2.

Google Docs can be used as stand-alone tools, but, none have
been integrated into the most popular LMS platforms. The
main argument against a model like that used in Google Docs
is the lack of structure because of the absence of a moderator
that guides the creative process to a well deﬁned goal as
needed for learning purposes. Brainstorming can be used as
a prior step in the whole process of collaborative writing,
some text editors like MS Ofﬁce Word support the insertion of
comments in parts of the text under review, but this can’t be
done concurrently. A good survey of collaboration awareness
can be found at [12].
Usually steps prior to a writing activity consist of brainstorming followed by the construction of a concept map. This
can form a cycle where you are able to return periodically to
brainstorming or concept map construction. The whole process
can be mapped as a constructive learning approach which
can be done alone or in a group. Some tools like CSILE
(Knowledge Forum now)1 provide a framework to construct
concept maps. Novak states how to build concept maps in and
makes a review of their theoretical foundations[13]. We can
ﬁnd a study of how concept maps help to develop narration
skills in children [14].
There is evidence that suggests that a blended learning approach [15] can be established in the classroom, unfortunately
most LMS are designed for distance learning and self-study
instead of a CSCL design. Wiki and Forums are good for
asynchronous activities but must be adapted for synchronous
group interaction. Chat rooms on the other hand are good
for synchronous activities but they lack structure and need to
have a moderator to conduct a discussion. We have followed
a design criterion to conduct our research as suggested by
Bereiter in [16], as a result we aim for the creation of a set of
tools integrated within the LMS Chamillo platform in order
to build a full featured scenario of a learning experience.
During the past few years several approaches have been
proposed for the integration of collaborative learning activities
and LMSs or improve learning activity assimilation, e.g. in
[5]. These have created a XML information structure which
describes CSCL activities (speciﬁcally chat, forum and vote
functions) and the student’s interaction with them, as well as

Design of Pedagogical Activities

a set of Web services in order to interchange this information
between LMS’s. In [6] they integrate the collaborative tool
Learning Blogs into a LMS and through a set of experiments.
Finally in [7] is presented an example of Remote Labs
integration into LMSs, speciﬁcally MicroNet into Moodle.
As can be seen, these approaches are based on speciﬁc
CSCL tools that have been integrated into LMS platforms or
the interchange of information between “generic” CSCL tools
in order to enrich the student’s experience of constructivism
into collaborative environments. They support our point that
the integration of a wide variety of CSCL tools with LMS
is very important, but none of them describe a complete
guided constructivist process/experience with the integration
of different CSCL tools into a LMS and its application in a
real b-learning class.
III. M ETHODOLOGY: T HE C ONSTRUCTIVIST L EARNING
S EQUENCE IN C HAMILLO
Concept maps have proven to be a valuable tool under the
constructivist learning approach. According to Ausubel [17]
about meaningful learning and the way cognitive structures are
built, learning is better constructed if we use prior experiences.
This is because new knowledge reinforces or increases prior
knowledge (how people learn 2 ). A pedagogical design that
uses a constructivist approach starts with introductory material
(see section III-A). Once students are familiar with a subject
we can follow with the discussion stage. This is typically
accomplished through a brainstorming activity (see section
III-B) and the results are used to build concept maps. Finally
we propose to work collaboratively in a essay (see section
III-C ) that captures the students’ new knowledge. Here we can
follow an iterative approach to improve results as suggested
in ﬁgure 2.
A. Introductory Activity
Chamillo is a platform where teachers can develop their
course activities face to face over the internet. We must remember that the goal of a collaborative software is to facilitate
communication and grant efﬁcient interaction within a group,

1 http://www.knowledgeforum.com/

2 http://cmap.ihmc.us/docs/howpeoplelearn.html
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Fig. 3.

Discussion step

to share knowledge, ideas, information and tasks in order to
coordinate a common objective. Introductory material is used
to provide students with an easy path to new knowledge, to
facilitate its retention and to teach how to use that information
and reinforce prior knowledge. Introductory material must
be prepared with care in order to properly accomplish these
objectives.
Some examples of introductory activities could be experiments, lectures, documental research, etc. with the objective
to keep students interested in the following steps of the
collaborative pedagogical activities. These activities can be
performed in an asynchronous fashion for long periods of time.
In our experiment we used the Chamillo lecture tool to
publish teaching material for programming course.

Fig. 4.

B. Brainstorming
Brainstorming [18] is an iterative process with the goal of
generating original ideas in a group. This is known to yield
better results compared to comparable isolated efforts. After
being exposed to the introductory material, students should be
ready to discuss new facts by sharing their ideas with other
students before arriving at conclusions.
1) Forum Discussion : We use the forum tool in Chamillo
to start the discussion step of the brainstorming activity,
the professor prepared a questionnaire in the forum (see
subsection III-B1), and published an entry for each question.
Brainstorming began e when students answered the questions
to give different points of view.
Our system takes the words introduced in the forum’s comments and compares them with the ones stored in a database
previously created by the professor to represent a knowledge
base with the most signiﬁcant words (keywords) about the
subject in the introductory material. The knowledge base must
be populated by the professor according to his/her experience
on the course topics, this prevents students including unrelated
ideas as a part of the brainstorming. After this process is
completed the system generates two word lists (nouns and
verbs) can be used during the concept map building phase
(see ﬁg 4).
2) Concept Maps: Concept maps represent signiﬁcant relations between 2 concepts joined by a word to form a
proposition (nouns and verbs respectively, in our system).
These are helpful for organizing student ideas (see ﬁg 5),
concept maps can then be used as basis for writing an essay
using the compound document edition tool (see ﬁg 6).

Fig. 5.

Brainstorming extraction

Concept map building

During the building of concept maps students start commenting their ideas using the chat and once the professor (the
moderator entity) agree the idea, then they can add it to the
map. To avoid possible inconsistencies or losing ideas, it is
necessary the moderator’s intervention to establish the student
who has the control of the edition of the map in the appropriate
moment. More nouns and verbs can be added by students at
any moment under professor’s supervision.
During the building of concept maps students start commenting on their ideas using the chat. Once the professor (the
moderator entity) agrees with them on the idea, they can add
it to the map. To avoid possible inconsistencies or the loss
of ideas, it is necessary to have the moderator’s intervention
in order to determine which student is given permission to
edit at any given point in time. More nouns and verbs can be
added by students at any point in time while they are under
professor’s supervision.
It can be seen that the moderator plays an important role
supervising the students’ activities to make sure that their work
has the proper quality and to assist them at any time. Concept
maps are used to build a sketch for the compound document
editor.
C. Compound Document Edition
The ﬁnal step in our didactic activity design is to create an
essay by working in groups, the professor has to assign this
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Fig. 6.

List of Verbs and Sustantives

Fig. 8.

Fig. 7.

List of versions of the document

Giving read and write privileges to users

Fig. 9.

task to the students and is responsible for evaluating process
results by assessing the essay’s quality.
The shared document tool follows a moderator centered
model and solves the concurrency problem by allowing multiple users to lock a small part of the document. The tool is
available under the collaborative icon in the Chamillo course
main menu.
The ﬁrst step is to share the document, to do that the moderator must choose which people will work in the document
and what their privileges are (see ﬁg 7 ). In the next step of
the process he or she has to create a sketch with the main
components of the essay. To load the ﬁle in the system we
must press the choose ﬁle button and after choosing the ﬁle
with the sketch we must press the send button. This will send a
notiﬁcation to the selected users that someone is requesting to
collaborate in the shared document edition tool. The moderator
may share more than one copy of the document to allow small
groups to work independently. More feedback can be obtained
if the moderator permits students from a different group to
have reading privileges, this way they can comment someone
else’s work or get fresh ideas to use in their own.
To work in a document, each user must open the participate
icon and for a list of shared documents to appear so he or she

Locking mechanism in compound edition tool

can choose a ﬁle to work with. When the user chooses one
of documents so he or she will see the different versions of
it (see ﬁg 8 ); the user may work with the last version or go
back to a previous one. No matter which version the user is
working with, he or she must select the part of document he or
she wants to lock (see ﬁg 9 ), this is done by selecting the text
with the shift key and the mouse or the arrow keys. By locking
a part of the document the user prevents someone else inform
working the same part of the document at the same time. This
helps to avoid inconistencies. The rest of the team will see
the selected text with a different color and will know who is
working on it and are not allowed to edit to select the reserved
text. Once the edited text is ready to be published the user can
press the save ﬁle button. This sends the modiﬁcation to the
moderator so he or she can give approval or deny changes.
This releases the section of the document that was previously
locked.
The essay’s quality is evidence of how effective the system
to accomplish its task of allowing the knowledge transfer is.
The next section measures the proposal from a usability point
of view. This does not however consider the quality of the
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essay content since this depends on numerous factors such as
the topic developed and time invested.
IV. E VALUATION
This evaluation has been performed according to the
pre/post tests for usability, ease of use and intention of use
proposed in [19], [20] as well as some evaluation criteria for
collaborative activities mentioned in [21].
Initially we applied an introductory test to a sample of 17
studying computer engineering (14 men and 3 woman), this
number represents a typical class size in our university. Our
test population had never used a LMS or collaborative tool
but are familiar with the use of computers and the internet.
Before testing started an introduction to the use of the system
was provided.
The introductory activity was on the topic of Abstract
Data Types. This is part of the Structured Programming
Course, using the Lesson tool inside Chamillo. After this the
professor posted three questions in the Forum tool to promote
brainstorming among the students. The next step was to build
the concept maps with the help of the professor using to chat
in order to moderate the participation order, keep focus on the
topic and answer questions.
Finally a questionnaire was presented to the students (see
appendix A) in order to measure the group interaction as well
as the usability of the proposal.
In the next subsections we describe the results of the
questionnaires. Statistical results are shown according to suggestions in [22], taking into account that we are interested in
evaluating usability as well as collaborative and constructivist
learning promotion during the proposed sequence of activities
instead of learning styles.
A. Group interaction
The questionnaires results for the ﬁrst three steps of the
constructivist activities sequence show that during the group
interaction the students were comfortable with using concept
maps and the compound document editor to strengthen the
ideas about the topic being reviewed . They highlighted that
the use of the chat was useful to assert their ideas about
the topic and support them with collaboration and feedback
of their classmates, all of this to draw these ideas in a
graphic way (see ﬁgs 3 and 5) and working collaboratively
in shared document (see ﬁg 9). The Concept Maps tool, the
forum questionnaire and the chat were the prefered activities.
As we initially believed the questionnaires indicated that the
moderator’s intervention was necessary to promote and guide
the students participation.

Fig. 10.

Questionnaire I

Fig. 11.

Questionnaire II

Fig. 12.

Questionnaire III

Concerning the users Attitude towards using the system, we
noticed that students felt comfortable using the tool to interact
among each other (see ﬁg 12), but the questionnaire Intention
to use shows that there was not necessarly a notable difference
between using the system and a face to face interaction except
for the group activities as stated in question 2 (see ﬁg 13).
V. D ISCUSSION
We have constructed, a set of e-learning resources as a
learning sequence that can be found easily in the most used
LMSs (Moodle, Chamilo, Claroline, etc) or in CSCL environments. This was challenging since most of these resources
are found as separate and limited entities. However, given
them as a linear sequence of collaborative activities that the
student has to achieve in order to better understand a complex
learning concept, it is possible to see that students have the
opportunity of practicing their skills and receive feedback from
both, classmates and moderator. In this way, it is possible to
improve the students experience and their learning.

B. Usability
With regard to the Ease of Use, although none of the
students had used a LMS, they found it easy to use and interact
with the system in a clear and comprehensive way in order to
organize their ideas in a better manner (see ﬁg 10).
The users realized that it was easier to learn and their
academic performance improved when they used the system
(see ﬁg 11).
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Fig. 13.

database and helps to ﬁlter the students contributions and the
ﬁnal lists of keywords to be ready to use in the concept maps
construction.
Another intelligent feature of the system is the compound
document editor which provides locking mechanisms to prevent collisions between the students contributions and the
interface design increases the student’s awareness on the tool
by highlighting the locked sections of the essay with different
colors.
A group of ﬁve staff professors were present during the
experiment, they considered that the sequencing ease and
promotion the students’ participation (specially with noncommon participative students) to be very usefull; moreover,
it allowed them to maintain an historic record of the activities
for future evaluation.

Questionnaire IV

In this way, moderator plays a fundamental role during the
sequence evolution; specially, if he/she applies the “reﬂective”
moderator approach where the focus is on checking information on meaning, strength and relevance and on questioning
connections between claims and arguments. This may help
students to engage in meaningful discussion [23].
We also have integrated to the constructivist sequence a
visual resource with an integrated chat; this resource semiautomatically recovers the main words/ideas given by students
in the brainstorming phase, and allows the students to build
a concept map through the inter-relation of these words. This
improvement on typical concept map tools, that are usually
isolated tools, helps to prevent the “cold start” that limits
the collaboration and initiative of students during this kind
of activity, and also provides awareness about the ideas given
in the last resource, making the e-learning environment more
intuitive and intelligent.
Finally we have modiﬁed the typical compound document
editor, which is the last resource of the sequence, in order to
emphasize the moderator ﬁgure and to promote an organized
structuring of the learned ideas.

B. Future Work
While there are a number of opertunities for further work
related to the research described in this paper, out three main
priorities are:
1) To reduce the moderator’s work, we plan to improve
the Concept Maps tool by including locks and warning
messages to manage the concurrent interactions.
2) Individual concept maps can be developed to allow each
student to build its own concepts maps for working
independently during downtimes.
3) Evaluation questionnaires will be used to evaluate the
learning of the students about the developed topic and
also to experiment with students with different proﬁles
and skills to conﬁrm the usability of the proposed
approach.
4) To increase the awareness in the compound document
editor we plan to modify the interface design to include
a mechanism that alerts the user to the existence of other
users working in the same document.
A PPENDIX
Q UESTIONNAIRES

VI. C ONCLUSIONS AND F UTURE W ORK
A. Conclusions

Pre-processing

In this document, the use of tools such as concept maps
and compound document edition tools are added to a LMS
interacting with its basic tools, in this case the Lesson and
Forum. These were ordered as a sequence based on the
constructivist approach used to carry out experiments to verify
the usability and collaborative work in a real life context.
In general we realized that ideas of Ausebel and Novak
[17] proving that the constructivist learning supported by
collaborative tools allow to improve the classic methods.
During the collaborative activities the professor, as a moderator entity, establishes an order during the building of concept
maps, as well as of during the edition of shared documents to
guide the activity and keep the focus on the topic.
It is important to highlight that the system provides an
intelligent environment where the information is processed and
transmitted from one step to the next in the sequence of activities, e.g. the professor experience is stored in the knowledge

P LEASE SELECT THE APPROPRIATE ANSWER :
1) Gender
Male Female
2) Age
18-20 21-23 23-26 >26
3) PC Ownership
Yes No
4) Home Internet Connection
Yes No
5) Have you used Chamilo or another LMS before this
experience?
Yes No
6) Have you used a collaborative tool before?
Yes No
Post-Processing
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G ROUP I NTERACTION
1) Do you think the available tools where enough to share
your ideas and understand your classmates ones?
2) Were the tools nicely organized into the screen? If do
not, please suggest another organization.
3) How do you and your classmates used these tools and
the other ones proposed by the professor in order to
specify the ideas?
4) Have yours and your partners contributions related with
the studied topic?
5) Did your classmates answer to any of your proposals or
you professor ones?
U SABILITY
Please justify your level of agreement based on the statements below.
SD - Strongly Disagree
D - Disagree
N - Neutral
A - Agree
SA - Strongly Agree
I. Ease of Use
1) Learning to use the system is easy for me.
2) I think that the system has been easy to use.
3) My interaction with the system was clear and understandable.
4) It was easy to ﬁnd the information that in needed.
5) Overall, I believe that the AEL is easy to use.
II. Usefulness
1) Using this system would enhance my effectiveness in
learning.
2) Using the system would improve my academic performance.
3) Using the system would increase my productivity in my
course work.
4) I found the learning tools provided by the system useful.
5) Overall, I ﬁnd the system to be advantageous to my
learning
III. Attitude Toward Using
1) I dislike the idea of using the system.
2) I have a generally favorable attitude toward using the
system.
3) I believe it is (would be) a good idea to use this system
for my course work.
4) Using the system is a foolish idea.
5) It is easy to use the system to work with other people.
IV. Intention to Use
1) I intend to use the system during the semester.
2) I would use the system to work on group activities from
other courses.
3) I would use the system frequently instead of face to face
meetings.
4) I would use the system to write texts collaboratively
instead of the face to face class supported by the
professor.
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