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Abstract—In Mexico, the conventional teaching approach,
when applied specifically to elementary school, seems to fall
short of attaining the overall quality objective. The main
consequence of this problem is that teachers are not sure
whether their students really understand the dynamic na-
ture of concepts and mechanisms from an early age, par-
ticularly in elementary school. This paper presents a peda-
gogical/technological platform, based on constructivist theo-
ries, as a means of making the learning process in elemen-
tary school more interesting and effective. The constructiv-
ist platform presented here uses graphical simulators devel-
oped for Web 2.0 as a support tool, creating a teaching and
learning environment in which practical experiments can be
undertaken as each topic is introduced and explained.

Index Terms—Performance, Design, Reliability, Experimen-
tation, Human Factors, Computer based education, peda-
gogy, collaborative learning, interactive platform, construc-
tivist theory.

. INTRODUCTION

Nowadays, Latin America is composed of heterogene-
ous and fragmented societies which live between “pre and
post modernity” in relation to education. There is a lack of
infrastructure and ideas that make it impossible to bring
education to every child; this is unacceptable considering
that education is, or should be, one of the main priorities
for all countries around the world. However, one of the
main challenges in the educational sector has been an in-
creasing demand on services. An improvement in the in-
novations and achievements of education are necessary in
order for Latin America to be able to participate in and
benefit from the opportunities offered by better educated
and informed societies [9]. However, in spite of this situa-
tion, we appear to be unaware of a theory that could pro-
vide interaction with the different intellectual capacities of
students to improve group learning and, consequently,
individual learning; something that has been denominated
as ‘cooperative learning’.

Cooperative learning theory, an offshoot of constructiv-
ism, incorporates the idea that the best learning occurs
when students are actively engaged in the learning process
and working in collaboration with other students to ac-
complish a shared goal. While constructivism focuses on
personal experience as the foundation for learning new
material, cooperative learning utilizes not only the stu-
dent’s own experience to solidify knowledge, but also
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uses the experiences of others. Both theories emphasize
the importance of interactivity with respect to the design
and implementation of lesson plans. We attempt to pro-
vide a hybrid implementation for engaging teaching at
elementary level. The consequence is to increase student
learning and motivation as well as instilling a constructiv-
ist educational philosophy in the minds of future educa-
tors.

Cooperative learning has been used since the 1970s
when researchers proposed a variety of approaches and
studies to implement cooperative learning techniques with
students of different ages and levels. The teacher was re-
sponsible for organizing, guiding and recording all the
activities of his or her students through support materials
such as blackboards, books and templates, amongst other
things [7].

At the same time, many psychologists like [3] and [10]
affirmed that the learning process was, fundamentally, a
social experience where language played a basic role as a
mediation tool not only between teacher and student, but
also between classmates as well. The students learned how
to explain, justify or argue their ideas against other stu-
dents. According to Vygotsky: “...in a cooperative sce-
nario, the students interchange their ideas, coordinating
them to achieve shared objectives. When the problems
arise, the combination of activities with communication
will conduce to learn” [47]. Thus, the construction process
for shared knowledge is a huge help in individual learn-
ing. In this sense, cooperative learning is a social activity
that involves a student community where knowledge is
shared and developed; according to [15], the social con-
struction of knowledge.

Cooperative learning has been defined as the acquisi-
tion of knowledge, abilities, and attitudes through the in-
teraction of the group involved. Recently, formal methods
in classrooms have been developed and implemented; all
of these have the main objective of improving the learning
process through learning modules. These modules, physi-
cally perceptible, use situation modeling and provide a
specific representation of a topic. Usually, the learning
modules include experiments in the classroom with dem-
onstrations through oral presentations.

However, collectively, all students have to develop and
acquire the necessary skills for working as a team. They
have to establish performance methods, generate alterna-
tives, explain, justify and evaluate solutions; this process
enables the existence of an effective collaboration [2]. In
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the last decade, IT development has grown dramatically
and new forms of social interaction have been created.
With these, increasingly new and improved IT systems
have been developed with the intention of bettering coop-
erative interaction among users [21, 1, 40]. Moreover,
different educational institutions which have adopted
these technologies, have had to implement new methods
for learning and teaching. Taking this influence into ac-
count and the impact of technological development on
society, nowadays our educational institutions are using a
new set of technologies for communicating and comput-
ing and they are discovering their potential to improve
strategic effectiveness in teaching. Amongst them, one
line of research that has produced some positive results
makes use of the constructivist method of teaching. Be-
sides being well established in other areas, e.g. mathemat-
ics, the use of constructivism has many relatively recent
works and results in computer science; i.e. [27, 29, 25,
23]. For example, Papert and his colleagues [32, 18, 36],
who used the term constructionism to especially stress
learning as a (social) design activity, build heavily upon
computer science and computer use for learning. As con-
firmed by others they stress that students construct new
knowledge with particular effectiveness when they are
engaged in personally meaningful activities. The goals of
the teacher are to engage the learner in active participa-
tion, problem solving, interdisciplinary work, reflection
and discussion.

This paper is organized as follows. Section 2 provides a
background to elementary school in Mexico and the moti-
vations for this research. Section 3 describes the construc-
tivist model used to develop our educational platform.
Section 4 presents the constructivist platform to be used
and evaluated in the daily life of elementary school class-
rooms. Sections 5 and 6 summarize the experimental re-
sults achieved and conclusions from the research respec-
tively.

Il.  MEXICAN ELEMENTARY SCHOOL TEACHING

It is clear that one of the biggest problems in Latin
America is education. According to UNESCO in 2006:
“...in Latin America, only two of ten students have access
to higher education; the other eight do not because of high
costs or geographic impossibilities” However, according
to another report published by the ONU: “...one of the
objectives for 2015, is to accomplish the establishment of
universal elementary studies, particularly in developing
countries” These statements indicate that there is much
work to do for countries like Mexico.

Mexico has been conscious for many decades that one
of the requirements needed to provide quality public ser-
vices for individuals and communities, is to have enough
human and material resources to satisfy demand. How-
ever, the expansion of the physical infrastructure and hu-
man resources used in education has produced a critical
reduction in student/teacher ratio. That is, a course in ele-
mentary school that consists only of theoretical lectures,
does not necessarily guarantee that the students will com-
prehend and absorb all of the many concepts introduced.

It is essential to reserve part of the academic program
for interactive classes and practical exercises. This section
presents and discusses the most common practices used in
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laboratories in many elementary school courses: (1) inter-
active environments and (2) the use of simulations.

A. Interactive environments

Some researchers, for example [49, 26, 43], propose
teaching in “closed environments” supported by very in-
teractive systems; in most cases, from the perspective of
constructivist learning, this method emphasizes the de-
velopment of students’ initiative, cooperative learning,
emotion molding, and the growth of their of practical
abilities. This is an innovative teaching method with con-
temporary development trends in teaching patterns. These
proposals rely on supervised environments where students
maintain direct contact with teachers and platform devel-
opment by using interactive elements. But as well as the
interactive factor, Chepegin et. al. [4] indicate that these
environments must have the functionality to change con-
tent presentation, links structures or links annotations.

From an educational point of view, interactive envi-
ronments have many attributes for meaningful learning.
For example, they stimulate students’ intrinsic motivation
to support active learning. According to [22, 23, 24], the
characteristics of rules, a challenge, complexity, and prac-
tical exercises could foster students’ problem solving
skills and advance their ability to achieve specific goals.
Interactive environments also give immediate feedback,
allowing students to reflect straight away on their per-
formance. Furthermore, the friendship or cooperation re-
quired among students in this environment promotes so-
cial skills. According to [31], all of the characteristics of
interactive environments possess the key features of con-
structivist learning, if matched with the appropriate class
content in an adequate learning structure.

B. Use of Simulations

The key of constructivist theory is that students must be
actively involved in the learning process. It is important
that Mexican elementary school teachers understand that
knowledge acquisition occurs from knowledge that the
students already possess, and this differs from student to
student. The role of the teacher is to be a guide for the
student [14]. We think that simulations could help in this
task.

A simulator attempts to create a dynamic and simplified
model of reality. We consider that in educational envi-
ronments, it is potentially far more efficient than other
conventional tools. Within Mexico’s elementary schools
there are rudimentary simulators supporting the teaching
of various disciplines such as mathematics, social sci-
ences, biology, natural sciences, and more. For example:
VERMIC [37], KidsPC Professional Educational Soft-
ware, and the Enciclomedia Project [41] sponsored by the
Public Education Secretary.

These rudimentary simulators are simple versions of
real environments but this does not necessarily mean that
they are always easy to use; each simulator has its own
positive and negative characteristics. Also, most of them
require considerable time to learn how to use them, and
they do not explore the advantages of cooperative learning
among young students at elementary school.

http://www.i-jet.org
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I1l.  CONSTRUCTIVISM AS A THEORY OF LEARNING

Jean Piaget is widely recognized as the founding father
of constructivism with his notion that learning is individu-
ally constructed. Basically, Piaget’s observations of how
children construct their knowledge have, over the years,
formed the basis for his work. Piaget developed many
theories, describing the stages of a child’s cognitive de-
velopment. Supported by his extensive research [35], Pia-
get established an analysis methodology that set the basis
for his learning theory: the Genetic Epistemology. How-
ever, this idea was not unique to Piaget, many other phi-
losophers having written on the same idea as far back as
the 18" century - Vico, and more recently Dewey, Rous-
seau, Whitehead, Kuhn, Wittgenstein and Rorty [33, 8].
What has emerged in constructivist literature is the bifur-
cation into two camps of the individual cognitive con-
structivists (sometimes referred to as psychological con-
structivism) and the social constructivists [8, 48, 38]. The
individual cognitive constructivists focus on the individ-
ual’s reaction to an experience and to the process through
which understandings are formed. Dewey and Piaget de-
scribe a similar process in which the individual finds
themselves in circumstances where they are uncomfort-
able and unable to easily explain the situation. New
knowledge is then constructed as the individual restruc-
tures their knowledge in order to accommodate the new
information [8]. Von Glasersfeld discusses radical con-
structivism as a theory of knowledge and cognition [45]
and its applications for teaching [44, 46]. His theory of
radical constructivism considers the individual’s response
as the primary force for knowledge-building; he feels that
the social aspects of learning are irrelevant. Conversely,
social constructivism places the emphasis on interaction
with others; knowledge is seen entirely as a negotiated
human construct [48, 38]. In direct contrast to the radical
constructivists, social constructivists believe that you can-
not separate one’s situation in life from the process of
knowledge making [19]. Vygotsky is largely seen as the
pioneer in this field with his focus on language; Dewey
has also contributed with his description of schools as
communities. [34] does an admirable job of describing the
evolution of Dewey’s thinking as he develops the idea of
the classroom as a social unit in which students explore
ideas and thus build their own knowledge.

Within the last 20 years, constructivism as a philoso-
phical, epistemological and pedagogical approach has
gained a great deal of attention. According to [25], “the
classic pedagogic model® at all levels of education is
based upon the instructive model, where instructional se-
quences tackle the task of transferring the maximum
amount of information between an active teacher and a
passive learner”. In general, the Mexican instructive
model tends to be standardized and homogenized in the
sense that the teaching process is mostly directed to the
class as a whole, and not to individuals within the class.

! The performance models that Mexican teachers use and which deter-
mine our educational practice, usually vary from “classical or tradi-
tional” to constructivism. The serious problem is that these models are
not clear to us and when someone asks: What model do you use in your
daily work? teachers do not truthfully respond, either through ignorance
or negligence. So, the “classic pedagogic model” is used, which is basi-
cally a dictation class taught with a tough regimen of discipline. Stu-
dents are passive receptors of information, and do not argue or question
specific topics, which seriously limits their knowledge acquisition.
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One way to overcome these limitations imposed by the
instructive model is to include concepts from the construc-
tivist theory — the teacher or instructor plays not only the
classic role of transmitting knowledge as best s/he can, but
also serves as a “facilitator” in the learning process. In the
constructivist model the student is the central focus of the
whole process of knowledge construction. The develop-
ment of his or her ability to work cooperatively in groups
or teams is as equally relevant as completing tasks for the
teacher.

Learning requires self-discipline and building an under-
standing of conceptual structures through reflection and
abstraction. Problems are not solved by the retrieval of
rote-learned “right” answers [12]. The constructivist the-
ory stresses the need to understand the child student’s
thinking and to encourage them to reflect on their models
as a means to improve them. Social interaction is an im-
portant stimulus for this reflection as well as motivating
knowledge construction and adaptation at an early age.

A. A Pedagogic Model based on Constructivism for
Elementary School

In pedagogic models based on the constructivist theory,
the student should construct their own knowledge instead
of passively absorbing it in a classroom or by consulting
text books. Our idea is to develop interactive mechanisms
within a constructivist platform under the constructivist
model.

Figure 1 shows that this way of learning demands that
the student not only discovers the facts, but also creates
mental models from them that result in the construction of
knowledge. The tasks for monitoring and stimulating the
students to achieve their objectives are assigned to teach-
ers, who should be at the same time, conscious of the in-
dividual cognitive structures of each student, making this
method pedagogically more complex than the classical
method.

The Figure 1 model is defined by the following princi-
ples:

o Knowledge is not passively received, either by intui-
tion or by communication, but is actively built up by
the student.

e The function of cognition is adaptive and tries to in-
crease viability. It serves the organization of the ex-
periential world, not the discovery of ontological re-
ality.

Web-based
learning
environment

Develop v

N Interactive

N/ < >
y Internet
Teacher

Student

Receive and construct

v Use and explore

Supply A “

Knowledge

Figure 1. Constructivist educational model.
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Figure 1 acknowledges that learners, including scien-
tists, must construct and reconstruct their own understand-
ing of how the simulated world works, concentrating only
on the first principle of the Glasersfeld definition.

The constructivist model recognizes the benefits of stu-
dents participating in tasks that enable the active construc-
tion of their own knowledge domain. In order to do this,
we propose the development of a teaching platform based
on solid grounding in Piagetian fundamentals. This plat-
form attempts to remodel interaction-type learning with
child students against the conventional teaching tech-
niques used in traditional elementary schools. According
to Brooks and Brooks [3] and Lin [22] the difference be-
tween conventional and constructivist models could be
analyzed in physical classrooms (see Table 1), but we
think that this could be extended to interactive platforms.

TABLE I.
CONSTRUCTIVIST VERSUS CONVENTIONAL CLASSROOMS

Constructivist

Conventional

Students fundamentally work in
groups.

Students
alone.

fundamentally ~ work

The way that students answer
questions is highly valued.

A high degree of importance is
attached to the established disci-
pline for answering and participat-
ing in the classroom.

If a student does not know the
answer, but s/he has an idea, then
they interact with their group and
improve their initial statement.

If a student does not know the
answer, but s/he has an idea, then
they do not make a comment and
avoid interaction.

Academic activity is fundamen-
tally based on primary data
sources and computer activities.

Academic activity is fundamen-
tally based on text books and
exercises.

Evaluation is related to the teach-
ing process and student’s work is
carefully monitored by the
teacher.

Learning process is dissociated
from evaluation and the teaching
process is normally assessed
through tests and exams.

Learning emphasis is multi-level
learning for large-scale knowl-
edge and beyond.

Learning emphasis is simple study
for large-scale knowledge.

Role of teacher is mainly architect
/ facilitator of the classroom situa-
tion.

Role of teacher is mainly speaker
/ evaluator.

Learning environment is free,
innovative and encouraging.

Learning environment is restric-
tive, formulaic and boring.

Focus of evaluation is on experi-
mental results and examination
score.

Focus of evaluation is on experi-
mental process, recalling and
reflection.

Considering these arguments, we analyzed the Pia-
getian theory and focused our efforts on the four estab-
lished stages of children’s intellectual development:

e Sensory Motor Stage: from birth to two years old.
This is characterized by movements that allow chil-
dren to focus their activities on determined objec-
tives.

e Pre-operational Stage: seven or eight years old. Lan-
guage acquisition is the most important event in this
period; its development modifies mental structures
and relationships with other people. However, the
thinking process of the child is still quite egocentric.

e Concrete Operational Stage: eleven and twelve years
old. The most representative characteristic of this pe-

18

riod is the child’s grasp of the concept of ‘reversibil-
ity’. That is, the understanding that things are not al-
ways as they appear to be.

e Formal Operational Stage: between twelve and thir-
teen years old. This stage coincides with physical
changes and differs from the previous stage in emo-
tional aspects. Children start to reason and evaluate
hypothetically, without need to refer to concrete ‘real
life’ evidence.

In this context, we propose a constructivist platform to
establish an advantageous interaction between students in
the concrete operational stage, and computational tools,
that are capable of representing problems that simulate
real situations.

IV. A CONSTRUCTIVIST PLATFORM

Many interactive courses for elementary school are
based upon teacher presentation and explanation of basic
components, rather than allowing the students to develop
their own knowledge. This traditional model may turn
elementary-level lessons into an extremely theoretical and
boring process. The constructivist theory provides an al-
ternative for developing pedagogic proposals, possibly
leading to better outcomes in learning than those obtained
with traditional instructive models [12, 13, 17].

Our approach proposes a constructivist platform to sup-
port the learning process, over which pedagogic models
can be developed for discipline at elementary school level.
This constructivist platform follows these guidelines:

e The teaching process is conducted in an individual-
ized manner; the teacher should pay close attention to
each student’s own capacity to assimilate information
[3, 26].

e The teacher-student interaction has a strong emphasis
on searching for practical questions and solutions
[11, 22, 43].

e Group work is proposed as an environment in which
to achieve cooperative learning [1, 46, 23].

e Students use the constructivist platform in the class-
room and homework as a way of recreating situations
difficult to generate in real systems [16, 20].

e Teachers use the constructivist platform in conjunc-
tion with theoretical lessons; complex concepts may
be better illustrated [12, 27, 25].

In [16] Jonassen proposed a model for designing con-
structivist learning environments on the Web, which sur-
round a problem with related cases, information resources
that support knowledge construction, cognitive tools, and
social contextual support for implementation. Later, in
[10] the Jonassen’s model was reproduced and modified
for designing constructivist environments to improve the
learning process through on-line games.

Based on Jonassen’s model, we propose an alternative
model for developing an interactive platform to implement
constructivist learning in elementary schools (see Fig. 2).

The first step in our model is to incorporate the Web
2.0 learning mechanisms with certain characteristics re-
lated to the content. Secondly, our model forms an interac-
tive scenario surrounded by tasks, topics, toolbars, games,
tests, learning modules, communication interfaces, and a
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Figure 2. Model for developing interactive platform.
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workspace. Also, the model triggers a cycle that includes
student evaluations and feedback. Finally, this engage-
ment in interactive platforms means the student is taking
part in constructivist learning.

A. Description of our Constructivist Platform

According to Mayer [28, 42, 30] teaching can include
the use of diagrams, high visualization software, or epis-
temic games —formalized procedures for constructing
knowledge. With the aim of producing a high-level inter-
action platform, our Web application is developed on
Flex. Flex is a highly productive, free open-source frame-
work for building and maintaining expressive web appli-
cations that deploy consistently on all major browsers,
desktops, and operating systems. While Flex applications
can be built using only the free open source framework,
developers can use Adobe® Flex® Builder™ software to
dramatically accelerate development. Flex provides some
adaptation features, for example: adaptive content by
wikis, videos or games, and adaptive navigation support
by tools and mechanisms.

The interactive platform developed has a constructivist
approach, assessing student knowledge and showing con-
tent and activities adapted to the characteristics and learn-
ing styles of students at elementary school. Besides, the
platform allows the students and teachers to autonomously
create and consolidate knowledge, with permanent auto-
matic feedback and support, through instructional meth-
odologies and educational activities explored in a con-
structivist manner.

The constructivist platform is based on progressive self-
assessment (interactive exercises, tasks, and more) solved
by children that evolve in difficulty and topic. The con-
figuration is set by the teacher but is individualized to
each student’s level of knowledge, competences, abilities
and learning path. The platform is also connected to tuto-
rials that are contextually accessed by the students when
they fail a progression step. The constructivist approach
also suggests some references to students according to
their results in the progressive self-assessment (exercises,
tasks, etc.).

The platform provides a set of tools that teachers can
configure according to student’s intellectual ability:

e Topic browser: The purpose of the browser is for
teachers to add or eliminate topics related to the
course necessities. The platform includes topics such
as mathematics, biology, and history.

1JET — Volume 5, Issue 2, June 2010

e Toolbox: The purpose of the toolbox is to enable the

addition or elimination of activities, include elements
to interact with the workspace, plan new events and
evaluations, and establishment the course sequence.

Games/Test explorer: The purpose of this explorer is
to integrate games or to make periodic evaluations.
Games are based on the Adaptive Hypermedia Ap-
plication Model (AHAM) [6] according to a prede-
fined model of the students that reflects their objec-
tives, preferences, knowledge and competences. Also
very important factors in teaching quality control and
a necessary part of the teaching process, are exercises
and tests which are significant instruments in check-
ing understanding of the learning process. In the
process of elementary teaching, games and tests are
used to supervise and encourage children to consoli-
date the knowledge learned.

Workspace: The workspace is destined for interact-
ing with the course contents or topics. A child stu-
dent will most interact with hypermedia objects and
solve problems in virtual environments like real
situations. The primary function of the teaching
workspace is to collect, manage and use various
teaching resources. The teaching workspace database
can be organized according to types of materials,
which should be marked so as to facilitate classified
storage and retrieval. The establishment of a work-
space is an effective way to create a constructivist
learning environment.

Communication Interface: The communication inter-
face provides teachers and students with convenient
and practical communication tools. The constructivist
platform not only provides students with a message
board in each learning activity, to easily raise ques-
tions on a specific subject at any time, but also pro-
vides a relatively independent and improved question
answering system to strongly support the normal op-
eration of teaching activities based on predefined
courses.

Learning Modules: Via learning modules, teachers
can assign homework, input and manage test ques-
tions and homework, while children can do their
homework, self-test, check results and the statistics
of certain exercises or performances in the work-
space. The main function of the learning modules is
to organize the learning resources of platform
courses according to certain educational theories,
provide testing materials for the making of exercises
and the assignment of homework and support the
evaluation of students’ learning achievements.

Tutorial wizard: The teaching process under the
guidance of the constructivist learning theory is a
teacher-led, student-centered teaching mode. The tu-
torial wizard acts as a guide in learning methods,
navigation of information resources, creation of
learning scenarios, answering questions and the
guidance of student’s activity; while student’s initia-
tive is reflected in activities such as independent
learning, collaboration, discussion, exploration, crea-
tion and theme research within the platform re-
sources.
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Figure 3. Constructivist learning cycle.

Due to the complexity of knowledge and the difficulties
of problem solving in certain situations in the concrete
operational stage, it became necessary for the children in
our study to carry out collaborative learning in our plat-
form [20]. In such a collaborative learning environment,
all the children can share the thoughts and wisdom of the
entire learner group; that is, the entire learner group com-
pletes the construction of the knowledge learned.

During the collaborative process of learner and teacher,
the learner can get guidance from the workspace too,
while the teacher can obtain feedback information from
the communication interface. In our constructivist plat-
form, collaboration can be carried out between two learn-
ers or among many. It can be organized under the
teacher’s guidance or directly carried out face to face or
through online workspace. As shown in Table 1, in the
process of collaboration and exploration, by means of a
comparative analysis of different points of view on the
same problem loaded into the workspace, children can
work beyond their own understanding, enriching their
knowledge, while improving their capacity to construct
meaning in the process of organizing and restructuring
various points of view (see Figure 3).

Our platform development is supported by three interre-
lated models: the student model, the domain model, and
the interactive model.

e Student model: This model represents hierarchically
the children knowledge. Models for student groups
with different levels of knowledge have been used to
adapt information, scenarios, goals, plans and to in-
terface. The student plan is a sequence of their ac-
tions that achieve a certain goal. The platform ob-
serves the children actions and tries to infer all possi-
ble plans. This goal is possible because the system
possesses a library of all possible children actions
and the preconditions of those actions.

e Domain model: This model represents concept hier-
archies and the related structure for the representation
of a student’s level of knowledge (quantitative
value). The domain model uses the students’ charac-
teristics from the student model. With these func-
tions, it is possible to define the evaluation concept
of each student to use in the knowledge acquisition
process to “apply” to a specific domain. The evalua-
tion is defined by: the interaction with the student us-
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ing a progressive assessment; the student knowledge
representation defined by the simulation; and the stu-
dent characteristics.

o Interactive model: The interactive model represents
the functionality to change content presentation, the
structure of links or the annotation of links with the
following objectives for students: to guide them to
relevant information and away from irrelevant infor-
mation or topics that they still would not be able to
understand. It uses the technique generally known as
link adaptation (hiding, disabling, removal, etc.).
Also, the platform supplies, in the content (page),
additional or alternative information to certify that
the most relevant information is shown. The tech-
nique used for this task is generally known as content
adaptation. The interactive model is able to use simu-
lations as adaptation technologies to choose the most
appropriate content for each student (for example, if
a student has a user disability). The constructivist ap-
proach is present here, suggesting references and ac-
tivities to the student according to their results in the
progressive self-assessments, exercises, tasks, etc.

The next section illustrates some experimental results
supported by real life examples, showing how to use our
platform and demonstrating it’s suitability for use in ele-
mentary schools.

V. SOME EXPERIMENTAL RESULTS

An assessment in the “third grade mathematics course”
in a public elementary school was performed in two dif-
ferent parts. For this course we were striving to implement
a constructivist learning environment and use technologi-
cal support where appropriate. Our vision for that envi-
ronment was project-oriented teaching and learning in an
internet-supported, collaborative knowledge space, where
information resources, inquiry and discussion, as well as
intermediate and final results were shared and were acces-
sible as much as possible. So the main concept of this ap-
proach was project-based learning (course topics and
student motivation), supported by internet-based knowl-
edge sharing (accessibility of information, remote stu-
dents) and an internet-supported social environment (per-
sonal mentors, group collaboration, discussion forums).

The children had to access the platform in a classroom
adapted for this, for two sessions per week (two hours
each) with teacher guidance, and also for four hours per
week from anywhere with access to internet. In order to
assess the children’s knowledge over six months, we held
two short examinations. Results in this examination did
not count towards the final exam, although participation in
the children’s group discussion through workspace was
counted. The platform employed a sea simulator to learn
more about basic mathematical operations like sums and
subtractions. Figure 4 shows a configuration session for
adding new students and assigning them into an estab-
lished group via a rapid evaluation. Teachers must assign
a course, the topics and the simulation to use according to
the student’s age, grade and current level of performance.

A sea simulator was designed because it is a simple
method for explaining some concepts related to biology
and nature in the same course. The constructivist platform
is also able to illustrate theoretical concepts in an intuitive
and easy way, allowing the children to construct their own
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mental models of understanding. Currently, three more
courses are using this simulator in the mathematics and
biology topics. The platform classes take place as soon as
the corresponding theory is given in the classrooms. Chil-
dren work in threes in the computer labs. They work on
tasks including practical exercises, specific simulated
situations to be analyzed, and some theoretical questions
to be answered with the help of the tutorial wizard. As the
class evolves, children and the teachers discuss and ex-
change comments on their workspace results via the
communication interface.

A. Project-Based Learning

Projects in a third-grade math course are related to ba-
sic operational problems that could be simplified into the
simulation of a real life small project. Work on this project
takes place throughout the whole course. First, children
receive an assignation from their teachers to finish the
project tasks. While the lecture class continues, we then
proceed to more advanced concepts in a simulated envi-
ronment for covering the practical part of the course. The
project designated by the teacher has to simulate an over-
all, real life problem, show concepts of basic mathematical
operations, offer sections for learning basic mathematical
concepts and has to be sufficiently complex to require
(large) interaction with teammates.

The example of Figure 5 shows how children must
solve the project tasks. Each selected task from the list
should be executed within a simulated environment. Ac-
cording to previous configuration by the teacher, a child
can invite one member of his or her team to solve the
problems, change the topic and review its results. To pro-
vide guidance for beginners, our platform divides each
task into three major steps: the first step explains the func-
tionality of the simulation, the second step how to resolve
two example problems to learn how to use the environ-
ment, and the last step is to solve the problem list.

The screenshot of Figure 5 requires some knowledge of
the user interface (simulation, interaction) and further ba-
sic concepts related to the domain. Once the child has
selected a task, s/he must click the “Continue” button and
solve the task indicated by the platform. Figure 6 is an
example of a simulation used to resolve the project task.
Children communicate via a chat room and interact with
the simulated environment according to the platform rec-
ommendations.

Evaluation Basing our course on a project-oriented ap-
proach, we first asked the children whether they liked the
complex project supporting the whole class. The children
answered this question very differently: about 20% did not
like the approach at all, while 47% found it good or very
good. Looking more closely, we saw a correlation be-
tween the project recommendation and the perceived level
of difficulty. Those who did not like the project-based
learning approach considered the tasks to be too hard,
while those who felt comfortable with it judged the degree
of difficulty as appropriate. However, these observations
do not currently give enough evidence; we will further
investigate this topic in our forthcoming experiments. Fur-
thermore, we will change the conventional lecture to im-
plement project-based lecturing by explaining a complete
sample project during one lecture, and adding simulations
into related theory areas as needed for the discussed tasks.
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Figure 6. Constructivist platform for elementary schools.

B. Internet-supported social environment

Project work is done in groups of two or three students
each. Our platform supports this work via communication
facilities like e-mail, newsgroups, chat rooms, private ar-
eas for simulation, and version management facilities.
Figure 7 shows that each children group has a personal
mentor (a student in a higher grade) who coaches the
work of a group and gives help whenever needed. They
are always reachable via email or chat. All teachers are
also available on e-mail or chat to manage mentor and
child work, and to encourage the students to use the op-
portunity to contact them. According to his or her grade, a
child can choose a partner to work with in a simulation
session. Teacher and mentor can discuss the student’s
progress and reconfigure the learning plan.
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Evaluation We asked students about the collaboration
in their group and whether they were able to organize their
project work. 79% of the children reported good or very
good collaboration in their groups. Difficulties in manag-

- Maths
- Biology

Your current score is

Progress
ic

2%
1 7 5 Topic
. Simulation | Sea

Collaboration | 100%

- Main
- Add student

- Delete student
- Consult teams

ing the simulation organization were mentioned by about
31%. Possible reasons for this mentioned by the children
include different levels of ability in using a PC and play-
ing games with group members. Collaboration in groups
was independent of the endorsement for or against the
project approach. The same applied for the work in the
learning environment: we did not notice differences in
behavior in the way the children used our internet-
supported social environment (using e-mail to reach the
tutor, participation in discussion newsgroups, using the
support for distributed work, e.g. at home, at the school’s
PC, etc.) The detailed evaluation about the use of e-mail
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Figure 7.

Internet-supported social environment.
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In summary, the feedback of Table 2 shows that the
majority of the children felt that learning with the con-
structivist platform was enjoyable, it sparked their interest
in the problems, yielded a better comprehension of the
mathematical concepts, and made it possible to configure
and analyze real situations.

For question five, for example, most children answered
that the platform helped them to understand and visualize
the mathematical concepts and problems, and also that it
narrowed the gap between theory and practice in the class-
room. Some children asked for more topics in the platform
and some suggested improvements in our first version:
“More virtual practices! The platform helps us a lot in
understanding the mathematical concepts”, “Great job! |
thought other games should be introduced to the plat-
form”, “The idea is excellent, but the platform characters
should be improved”.

VI. CONCLUSIONS

The constructivist learning theory provides strong theo-
retical guidance to interactive course design and the de-
velopment of elementary teaching sources. In this paper
we present how the adoption of a constructivist platform
opens up excellent opportunities for improvements in
teaching and learning processes in elementary schools in
Mexico. As in the constructivist platform described above,
it provides an illustrated and simplified mechanism to
represent and analyze problems and situations, called the
workspace. This tool encourages students to build on their
knowledge actively and intentionally in authentic con-
texts. Also, the constructivist platform and communication
interface provide feedback that enables students to reflect
on the learning process and converse with their teacher
and other students. This also means the constructivist
learning environment, as described by Jonassen, can be
fulfilled by our interactive platform. From an experiment
which has been in use at a Central Elementary School in
Mexico, the problems due to an unstructured subject, ex-
hibiting a huge gap between theory and practice, were
eliminated. However, a qualitative improvement of the
whole teaching-learning process is required, and expected.

In our experience, we consider that a big pedagogic ad-
vantage in using such a platform, is the construction of a
formal teaching-learning environment, where conven-
tional expository lectures, and exercises and simulations
with hypermedia objects can be combined. However, it is
important to note that our constructivist platform may not
follow a formal pedagogic model. The reasoning behind
this is that the theoretical principle supporting the model
used, is epistemological and not pedagogical. This is a
common criticism of Piaget’s theories which resides pre-
cisely in the absence of a clear and explicit pedagogy line.
To avoid this problem, we implement cooperative learn-
ing, to apply both in the classroom and in platform work;
constructivist thinking can be introduced to support
knowledge acquisition, making it possible to experiment
with other content.. The use of an interactive platform
might also contribute to reducing the total time needed for
theory presentation and explanation, perhaps extending
the practical sessions, and possibly creating new scenarios
for the workspace. Future work will involve refining the
proposed constructivist platform as a form of structuring a
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systematic pedagogical practice for teaching more content
at elementary-level school.
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