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Abstract - This paper presents the methodology
underlying the teaching of Descriptive Geometry
according to a cognitivist approach. This teaching
methodology is based on the Ausubel’'s Assimilation
theory or meaningful learning, a theory which

cornerstone is the student’s prior knowledge. Meamigful

learning is a process by which new information relees to

relevant aspects of the individual's cognitive strature.

The implementation of such methodology required
modifications in the organization and presentationof

course content, teaching procedures and didactic
resources selection. The approach that uses leargin
objects contributes with the cognitive perspective,
therefore it allows offering educational materials
differentiated, in minor or greater granularity, using

different types of digital resources, taking care bthe

necessities of the students. The learning objectsrea
developed in the hypermedia learning environment,
called HyperCAL GD on-line. The insertion of the

information and communication technologies resource

together to the new learning theories has broughtrgat

contributions for the improvement of the quality in

engineering education

and work process organization, benefiting from the
experiences of distance learning regarding to tilization
of non directmethodologies.

Therefore, stands out the importance of investigati
new pedagogical approaches supported in learniegrits,
which in conjunction with the introduction of these
technologies could bring significant changes to téeeching
process in order to improve learning of Descriptive

Geometry.

THE COGNITIVIST PERSPECTIVE —M EANINGFUL
LEARNING THEORY

According to [3] the teaching-learning process dam
explained by models based in theories coming frdfarént
knowledge areas, such as biology, psychology acidlsgy.
Specially sociology, through positivism had and kasng
influence on the educative process. The pedagogietiods
represented for the teaching-learning relationgaided for

an epistemologyand are made evident in the pedagogical
practice through a process that can focus the ¢eathe
student or the relationship between teacher andestu
These models characterize, respectively, the dnect
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INTRODUCTION

The Descriptive Geometry consists in a conceptuwedeb
needed to student’s formation in several coursespng
them the different engineering courses. The subjticat
compose this conceptual base besides of being aigaiit
the teaching methodology utilized, also is basedn@ss-
produced educational materials. Therefore becoriféisutt
to deal in different ways with the specifics of tbeurses
regarding to the interdisciplinary character ofstaeontents
in the different curricular programs.

consequences on the construction process of kngeléithe
model of relational pedagogy presents itself, iacfice,
through a cognitive approach that emphasizes dggnit
processes and scientific investigation. Accordimg this
approach, the education includes research, inwaitigand
problem solving, not just the transmission of knedge,
demonstrations and model applications. The fund&ahen
aspect of education is the construction of knowdedg
through process and not through learning products.

For [9] several theories conceive learning and atioo
as an interactive process, through which the cheardwilds
up its own knowledge, offering different alternatvwith
regard to how such process is produced. Among these

However, has been noticed a quest for changesn@imi theories can be highlighted the meaningful learrtimepry
to restructure the educatioprocess of the engineering developed by David Ausubel. This theory considédrs t

graduation courses, especially with the introdurctiof
computation resources and use of
communication technologies ( ICT's). In consequenfcihe
introduction of these technologies,
education systems need to transform teaching metbgies

learner's intellectual construction related to teage of

information and@oncepts as organizers of new information. Thuis, tiew

information acquires significance for the learnenda

the conventionacontributes to consolidate and develop the existeghitive

structure. The meaningful learning consists in teelaew
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knowledge to the prior knowledge or prior exper&sc
including them in a coherent way organizing knowkednto

the learner's cognitive framework. Thus, the factoat

influences the most on learning is the prior knalgke that
the student possesses.

In the learning context of descriptive geometrye th
learner's cognitive framework corresponds to thevkadge
of concepts and organization of ideas that onegss&s in
this particular knowledge area. Therefore, it cstssin a
system of concepts in a hierarchical organizationwhich
more specific knowledge elements are related taadep
concepts. In this system, [8] consider learning eeidtion,
or remaining of logically meaningful material, anfluenced
by three variables, as follow: availability, difésttiation and
stability of the learner's ideas in the specifiokitedge area
of the subject. Availability refers to the existenaf relevant
ideas in the learner's cognitive structure serdagnclusive
concept for the new material.
knowledge, its organizational properties, and alkso the
learner's cognitive development, or suitability cafgnitive
structure to the learning activities. Differentiatj regards to
learner's capacity to distinguish the new matdrh prior
knowledge, seeking to establish the difference betwthem,
in order to produce meaning for the new concepd,Ahe
stability and clarity of the ideas make possibleréonain
information in memory and the reutilization @arning new
knowledge meaningfully related to the inclusive ogpis in
the long term memory.

For [1] meaningful learning includes key aspects aseducational

concepts formation and assimilation,
differentiation of concepts and integrative recbaton.
Concepts formation corresponds to the internabratof
concepts produced through a spontaneous and induety,

reception as a personal re-elaboration, from the that
consists in a repetition. Considering that conessimilation
requires interfacing (by supplying criteria attribs)) in order

to permit a process relation, differentiation antegrative
reconciliation with the previous student concepts
(internalization of concepts in the cognitive sttue), it
makes evident the relation of the pedagogic poteshe
education process.

In the learning context, [12] consider the inten#ib
manipulation of relevant attributes of the leam@&ognitive
structure can facilitate the meaningful learningregeption.
This occurs through identification of concepts and
propositions more wide-ranging of the subject, and
identification of the principles (progressive ditfatiation
and integrative reconciliation) utilized in the seqce of the
contents for the organization of learning matefTddis way,
the meaningful learning theory has important edanat

Corresponds to prioimplications referring to: the learning methodoksiand

evaluation, the strategies to be implemented foepton
learning, and the utilized resources.

EDUCATIONAL STRATEGIES AND PROCEDURES FOR
MEANINGFUL LEARNING BY RECEPTION

From the educational planning point of view, theeional
resources should be prepared based on the chistcseof
each educational unit of the subject. Referencepfékents
the previous organizers and the empirical suppoats,

strategies and procedures important for

progressivameaningful learning by reception.

Previous organizers are introductory materialsvaht
and inclusive, used to facilitate learning of ac#fie content
or subject unit. They offer an overview of this evél, but

based on specific contextual experiences and througdon’t consist in summary or introduction (which do&

discovery learning, or as a problem solving procedut
Consists in discover the defining attributes ofealg through
observation, involving selective analyses, abstast and
generalizations for the concepts formation. Respagt in
the conceptual assimilation that occurs on recepgéarning,
the criterial attributes of concepts are preserigdthe
teacher, allowing the learner to establish
differentiation and integrative reconciliation witlihe
previous concepts already available in his cogaisitructure
and attach meaning to the new material. This pgdss
carried out through explicit definition of relatidpetween
ideas, assimilating differences and similaritiesveen them,
and reconciling real or apparent inconsistencies.
Considering the specific knowledge area of dedeept
geometry, the development of concepts is facilitaten
more general ideas (concepts more inclusive) dredaced
initially. And then, through a progressive procebg ideas
are introduced, distinguished by its details andcHizity.
This process of progressive differentiation estdids
conceptual hierarchies in the learner's cognititreicture,
allowing the concepts to acquire more and more dexity.

present conceptual hierarchy: generality and imoduness).
They act as a cognitive bridge between studentr prio
knowledge (includers) and the new contents, fatilig
learning. This strategy is utilized when the corgaep
relation doesn't establish itself in a clear angai manner
for the student. When the subject unit is not Viamyiliar to

relationthe student is utilized an expository organizenstituted by

relevant concepts and propositions, in a supeswell of
inclusiveness close to the new material. When thgest
unit is relatively familiar to the student a comgiare
organizer is utilized to offer a conceptual struetuhat
serves as an anchor and enhances differentiatidimeofiew
learning material with similar ideas available fre tstudent
cognitive structure, which could generate learniogflicts
[4]-[12].

The empirical supports, in general, are related to
tangible elements of reality around us as genubjeats or
figures representing them. Words expressing paaticu
examples or attributes of a concept also are eagpisupport
adequate for learning abstract propositions andretry
concepts. In case of learning the relations betveeeondary

Reference [8] state that the majority of concepmts iconcepts expressed in a complex proposition, thehtr

acquired by the learner through reception learningthis
sense, the Ausubel theory contributes to makefgigni this
sort of learning. Therefore, it is the active stude
involvement, its cognitive activity that differeates the
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must be sure that the student know these concaygsthen,
presenting the empirical support, assisting in
comprehension of relations between the secondargeqs

the
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by the student, who is entering in a whole new emaiplex
learning field [4].

The expository class is a learning strategy sultiatgn
valued by Ausubel's theory, bringing subsidiesh® iuman
communication theory, establishing
message should get to receptor with some meanirigeto
relevant, not being just a mere information traission.
Considering the principles of meaningful learnirape's
should verify the existence of prerequisites orssuiers
concepts, to allow the utilization of written madés
containing the necessary concepts to the new cpraeting
as a previous organizer for each class. It shoalddsified,
as well, the necessity of using the empirical suppehich
in conjunction with examples and illustrations dfiet
concepts should follow the content sequence. Duthey
expository class, the principles guiding the meghih
learning theory should be observed.

Considering the importance of the principles worked
Ausubel's theory, which has a great explanatoryqucand

helps the student to be conscious about his owsopaf
constructions based on the explicitness of pricyvidedge,
aiming to establish relations with the new knowledg
restructuring the cognitive frameworks and scheaiesady

that the emdter existent.

According to [12], conceptual maps are instruments
capable of:

< highlight the conceptual structure of the concepts
subject or unit, and the role of conceptual systemis
development;

« showing that concepts of a subject differ regarding
inclusiveness and generality, and presenting these
concepts in a hierarchical order of inclusiveness,
facilitating their learning and retention;

e promoting progressive differentiation, explicitly
exploring relations between propositions and cots;ep
stressing meaningful similarities and differenced a
reconciling real and apparent inconsistencies.
Another contribution of this technique for the leiag

breadth in the areas of learning and cognitive humaprocess refers to development of the student'sitpbih

development, also contributing in the organizatiof
education, [13] elaborated techniques based ontlileisry.

establishing relations among concepts when dranisgwn
conceptual maps, besides the possibility of disdoge

Among them, stand out the conceptual maps, whicknistook ideas of a concept [8].

represent a reference system for the preparatideaohing
material facilitating meaningful learning by redept

According to [12], the conceptual maps are diagrams

presenting the concepts and hierarchical relatiogisveen
them. These relations are significant and estadaish form
of propositions, expressed in lines connecting epte
included in the maps, shown in Figure 1.

7N\
A\

Superordinate  concepts,
more aeneral and inclusi

Subordinate concepts,
intermediate

Specific concepts, less
inclusive, examples O O O O
FIGURE1
A MODEL FOR ACONCEPTUALMAP.
FONT: [12]

The conceptual map presents a hierarchical formjtbu
is a resource that can be utilized in bidirectiomalvement.
For this, learning should be organized in such thay could
allow the exploration of relations included in tmeap,
promoting integrative reconciliation when a new cgieof

TEACHING DESCRIPTIVE GEOMETRY UNDER A
COGNITIVIST PERSPECTIVE

Descriptive Geometry presents a long curriculatonysin
higher education, especially in engineering andteel areas.
Reference [2] when analyzing some aspects of theilian
engineering education at 9century, realized that the
intellectual world was organized under positivisnfiience,
which treats scientific knowledge as a last andeasary
instance to achieve the intellectual intentionghaf human
kind. According to [7], in the positivist model, neeption
and induction are fundamental elements in educativeess,
being necessary the teacher's intervention inpghisess to
structure student's educative experiences. The héeac
assumes a central role, being responsible to itellearner's
perception to obtain the expected results. Therahg,
importance of classes organization to achieve tdagogic
objectives and discipline (behavior), consideretesessary
to learning. The positivist perspective considemsvidedge
as a result of direct observation of the concreeegence,
not intending investigation via experimentation.

For [14], studying Descriptive Geometry requires a
knowledge base of elementary Geometry at two angeth
dimensions. Therefore, using definitions, concepisd
properties impose a deductive sequence in ordgutty this
subject. Also, [10] point out that learning Destiip

information is presented. Subordination occurs wherfseometry, most of the time, is centered in an aakn

learning a new concept or proposition that candiated to
more inclusive and relevant concepts, existenhanstudent
cognitive structure. Superordinate occurs on legrrd new
concept or proposition that can include relevaeiag] less
inclusive, present in student cognitive structure.

method and correct terminology, as the geometryuctade
structure. Spatial and Plane Geometry are undkreinée of
Hilbert's axiomatic method, which establish pointeg and
plane as its three basic geometric elements (pviest, as
well the relations established among them. Theofe2l

The conceptual map is a pedagogic resource ag;;;;istirﬁixioms are the fundaments which all Euclidian Geoyne

the learning process. It offers to the teacher g wé
planning and organizing activities directed towards
meaningful learning using the student prior knowledIt
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theorems are proved by. These theorems are obté&ioed
the axioms, which are accepted without proof and
demonstrated with logical principles. While in Hdek,
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geometry eliminates experimental procedures e &seah
interface on reading the reality with geometricnedaits and
their properties (geometric figures), in Hilberteagnetry
eliminates geometric figures and establish the ragitc
method [5].

In general, the learning methodology of Descriptive

Geometry still is performed by traditional meansthwi
expository classes, manual drawing instrumentdpvdhg
teacher instructions with a text book as refererthis
methodology is sustained by the axiomatic methodéring
the student learning process, due to the absenite abject

on his studies. The axiomatic method make impaossibl :

investigation of objectivity from the perceived aoences
in the object, because sustains itself in the lebgirimitive

geometric elements which have a metaphysical natur

Thereby, for each worked concept exist differentaniegs
and procedures developed by the students. Thesdtsres
don’t really reflect the desired meaning to theerefd
concepts. The same object could mean anything dch e
student, not being then self indicative. Therefoeeery
student presents his own understanding and solutio
however, without reaching the production of sci@mnti
knowledge due to a lack of objectivity [15].

As stated by [15], in the traditional approachescahing

FIGURE2
TRADITIONAL EDUCATION: STUDENT IMAGINES THE OBJECT FROM ITS
PROJECTIONS FONT: [16].

Answering this need, HyperCAP was developed in a
Way to offer a wide range of resources (virtualitganodels
with animations, non-interactive animations, ilhasions,
and contents using a hyper textual form). The alrtnodels
utilized on this computational environment are anr®mic

Descriptive  Geometry, the elementary psychologicabjiernative in relation to real models, and mairly,add-on

processes involved refer to the perception and iimagign.
On perception, the object is what is presented he t
character (an appearance), in this case is refiegsentwo-
dimensional form by its mongean projections (quatia
physically the object is absent (Figure 2). To coeghpnd
this object in its three-dimensional form the snideave this
perception sustained by a reason (axiomatic thedhys, is
in the imagination, implying a relation between the
imaginative conscience and the “object in imag&t tthe
student moulds the understood object. Therefoee;'dbject
in image” being ruled by spontaneity of studentsm@nce,
allow changes on this object that wouldn't be ptalbi
possible (in case of the presence of the object).

Then, [15] state that the Descriptive Geometryriawy
inconsistencies could be related to axiomatic thew well
as the absence of the object in analyze. As Ddbaip
Geometry is fundamentally spatial (three-dimendjondth
a certain degree of complexity, it requires proceduand
learning resources more adequate for its
understanding. That's why, teaching this subjemitéd to
using just mongean projections of the objects besowery
difficult.

Coimbra, Portugal

to the use of mongean projections of the objecer&fore
the virtual models can be visualized from any pointiew,
allowing a better comprehension of the object. €hes
resources work like empirical supports.

HyperCAL®® is a hypermedia environment for
Descriptive Geometry learning that has been deeeldpy
UFRGS teachers, forming a research group calletudir
Design (ViD), which the authors are members. Thet fi
version of hypermedia environment begun to be asd®99
in the ARQ 03320 subject — Descriptive Geometry At
that time, it was still in a direct learning modghis first
version presented limitations regarding to its esag the
student, that in order to use HyperCALin his personal
computer, he should download the system to his mach
This used to cause inertia on utilization of aud#acontents
for learning and limitations in the control of edtion
process. Facing this limitation, the research dpn¥iD and
the demands for a system more interactive pointedse

bettef,formation and communication technologies in depig

an internet version of HyperCAE.

While in the traditional learning methodology tfieel of
reasoning is done from abstract to concrete, Hypef®
allows the inversion of this reasoning. The studeanh
understand the tri-dimensional object in details)doplane
projections of the object, and from them, solvebtgms
related to its properties.

Figure 3 presents the potentiality of HyperCALin
offering the didactic resources already mentioress$isting
the student on understanding the objects and graphi
operations involved. In this example, the intersectof a
plane with a toroidal surface is studied. Only rafthe
student knows the object and understand the problexase,
the object will be presented through its orthogiaph
projections in order to be solved.
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Animations

Virtual Reality

Quadrants

FIGURE3
HYPERCAL®P: KNOWING THE OBJECT ANDREPRESENTING IT IN
PROJECTIONS FONT: [16].

In accordance to [15], HyperCAP utilization in
Descriptive Geometry learning brings the possipitif an
objective interface, it assist the student on ustdading the
object through the synthesis of its mongean prigjest
Being so, hypermedia environment contributes toueghe
objectivity (using virtual reality models and anitioas) on
producing knowledge in Descriptive Geometry.

Besides the utilization of HyperCAP environment,
[15] proposed alterations in organization of cotgen
presentation, intending to improve meaningful l@agnby
reception. It was necessary to adopt a planningga®o of
coherent learning with a cognitive approach. Thiscpss
followed the model proposed by [11], presentedigufe 4.

Following this model, the introductory tasks deathw
the determination of conceptual and propositioriaicsure
of the subject; with identification of subsumerelévant
concepts) that should be present to learn the obrgad also
deal with mapping the student cognitive structufde
conceptual structure and identification of subsuwmeere
established from the subject contents analyze esepting
the structure through a conceptual
cognitive structure was mapped through tests oftewri
association of concepts, graphic association ofcepis
(conceptual maps) and, tests of prior knowledge.

The organization and expositions of the subjectepts
followed Ausubel's propositions (progressive difgiation
and integrative reconciliation) and the dependemtgtions
among the many units. The first classes had a widging
and introductory character.
technique has been used in many classes, treagngubject
in a general level, reviewing concepts already kmand
relating them to the new concepts. This techniglleva
positioning the student in the global context of subject.
Besides of previous organizers, it is also usedceptual
maps to integrate the subject contents.

The utilization of HyperCAEP was facilitated by its
hyper textual form (hyperlinks), allowing a non dar
navigation, therefore, can be used with any orgdiun
defined by the teacher.

map. The studern

being able to correct, clarify and consolidate tirechanisms
in order to occur meaningful learning. At the endtloe
process, the evaluation verifies the efficiencyhaf teaching
strategies utilized, also the organization and orafethe

contents in order to feed the process back and make

necessary corrections.

Determination of
the conceptual
structure of the
subject.

Determination of
student cognitive
structure.

v

Retooling
concepts, if
necessai

Identification of
relevant concepts)

A\ 4 A4

Organization of the content;,
considering its conceptual
structure, previous organizers
use, progressive differentiation
integrative reconciliation and
natural relation of dependence
between topics

\ 4

A 4

Teaching, considering the
student cognitive structure,
consolidation and use of
teaching methods and strategids
that facilitate meaningful
learning of the conceptual
structure of the subject in
question.

1 v

Meaningful
learning;
Student’s
cognitive (and
emotional) growtt

O TQAQm®ODO —+

Evaluation of
learning and
teaching.

A

FIGURE4
MODEL TOORGANIZE LEARNING ACCORDING TOAUSUBEL'S THEORY.
FONT: [11].

As shown by [1], meaningful learning will lead to
increasing relevant subsumers in the student degnit

The previous organizerstructure, improving the problem solving capacityc®

progressive differentiation and integrative rectation of
the concepts has occurred. The learning evaluatithrbe a
function of the quality of existent or developedewant
subsumers, and also of the learning motivationn3fexring
knowledge to new problem solving situations it v a
function of the reached level of concept differatitin,
superordinate learning and integrative reconciliati

THE HYPERCAL ®P ON-LINE ENVIRONMENT

The evaluation of learning and teaching occurretHyperCAL®® on-line doesn't consist of a closed and static
alongside the whole process. At the beginning, st itool, because its main content is centralized aarkd in a
determined what the student already knows (mapfiiey data base with dynamic access and constant acttiafizvia
student cognitive Stl’UCtUI'e) intending to prepheeadequate internet. The content pages are dynamica”y geeérat
previous organizers to the student learning prod@ssing  getting text, images, models and animations from data
the whole time, evaluation goes along with learrmpngcess, base. The generation of these pages is done by afse
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general parameters that considers the theme togoick
objectives. The development of HyperC#&Lis aiming to
include specific parameters of each user, considehis
prior knowledge, rhythm and learning style.

The HyperCAL®® on-line environment has tools of ends,
In - nonsuggestions about the appropriate context fortitigation.

synchronous and non-synchronous interaction.
synchronous mode, the discussion forum allows thdest
to formulate questions regarding to the concepteldeed
in class, receiving the teacher answer. And in Byarmous
mode, the discussion about the topics of the cosmisrdone
via Chat.

objects and modules that can be ordered or combined
Reference [19] consider the necessity of incorpagat
pedagogic ends to the educational material. Tiney, define
a learning object as a digital file used to reaellggogic
which has, internally or through association,

In accordance to [18], the learning object corresisao
a little piece of information that can be delivered-line.
Where each one of these objects is self-contaiakalying
the student to achieve a specific performance thgc
Therefore, learning objects must be well structureeing

Looking at the learning methodology of Descriptive composed by three elements:

Geometry through the cognitive approach, which eeted
determine the conceptual structure of the subject the
student cognitive structure, it was developed a ilwalava
language, to build conceptual maps, that is integranto
HyperCAL®® on-line environment. This tool
visualizing the conceptual map using graphic remm&gion
and an XML file.

The conceptual maps made by students with asséstane

of this tool are stored in the data base of Hypdr€Aon-
line environment, allowing monitor the learning feemance
of the students from the conceptual relations dstadd in
the maps. Therefore, the introduction of this tdaolthe
learning methodology has permitted an additionsbuece in
the learning evaluation.

allows -

- The learning objective is the root maintaining a
instructional order, presenting to the student wheat
will be able to learn, and what is the prior knodge
necessary to have a good performance in the study;
The instructional content support the objectivesl an
promote the realization of learning results, inahgda
combination of text, graphics, video, animatiorm, et

The practice and feedback permit the learner tifwer
his performance in relation to the objectives and
expectations, evaluating his success and allowmng t
remedy his performance using the object as mangstim
as needed.

Reference [17] adopted the taxonomy suggested @y [2
on the production of learning objects to Descriptiv

This way, the cognitive perspective demands a dynam Geometry, being made learning objects (images, atoms,

learning plan, facing the individual necessitieshaf student,

virtual reality models, text) fundamental to seVesarked

verified from following his learning. It is up thé teacher to concepts in the subject. And, from them, the comtbin
prepare previous organizers that meet student ddsnan learning objects were developed according to thedaho

From this point of view, the learning objects camtribute
to the flexible production of these materials.

THE LEARNING OBJECTS

Learning objects are educational materials buittmfrthe
adoption of the strategy utilized in the objecteated
methodology. These materials created with multimeathd
hypermedia interactive resources made more eftedtine
education environment supported by
communication technologies (ICT's).

information and

proposed by [18], compounding the class units. The
development of combined objects was oriented by the
conceptual structure of the subject, allowing buddrning
objects in different granularities from the relatiestablished
among them, as presented in Figure 5.

Gerago e representacio de
Superficies Retilineas Desenvolviveis

& base para € baseado em

Planificagso de
Superficies Retilineas Desenvolviveis

The “learning objects” expression has been chogsen b ;::e/ Loare
the Learning Technology Standards Committee (LTSE) e ~. 7 requer c;.,
the Institute of Electrical and Electronics Engirse EEE) = eqe oo m  requerds e
to describe the minor instructional components sigtimg in tem %NX

any material utilized in a learning process based o

technology.

Reference [20] adopted a narrower concept, being as

“any digital resource that can be reused on legraipport”.
These resources are delivered through the net orarid
and they can be little or big. Examples of minogitdil
resources include digital images, input data, tiveecorded
videos, text, animations and little applicationdivdged on
the web. Examples of major digital resources améreeweb
pages combining text, images and other medias
applications to deliver complete experiences, asraplete
instructional event.

Based on the object oriented approach, some conoépt

learning objects stay limited to the technical aspef this
method, linking some characteristics, such asceifained

Coimbra, Portugal

& parte
parte de

Planificagdo de S.R.D. Planificagio de S.R.D.
" ¢ baseado em de vétice préprio de vétice impréprio

parte é parte tem & parte tem

& base par

Planificacdo de

superficie de concordancia

parte de parte parte

Vértice préprio Vértice préprio Vértice proprio Processo de Processo
acessivel truncado inacessivel Triangularizagao simplificado

CONCEPTUALMAP FOR THECONSTRUCTION OFCOMBINED OBJECTS
FONT: [17].

or

Beside these three elements integrating the main
structure of combined objects, additional elemewtsre
added to it, as prior knowledge and specific exaspb the
graduation course of the student. The learningatbjeere
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generated dynamically in XML files and stored i ttiata When the learning object is presented to the stiidles

base of HyperCAE® on-line, as shown in Figure 6 [17]. system requires the following information from himame;

learning style; graduation course and preferred §ki case

T of not having any preference, the object is preskntith
EbE standard skin).

Depending on the learning style of the student, the
combined object is presented in a learning diraciom
concrete to abstract (showing first examples and
applications, and just then, approaching the casgefphe
same structure of combined objects takes another
& Euboraedd ds Otk fos Coambivadcs presentation form to the student that presentsldaming

s direction from abstract to concrete (being firstrikesl the
e S R ) concepts to later show the examples). Beyond thath
learning style has a preference in the presentaiider of
the examples, where the student can choose amadng sk
options to customize the visualization of learnivigjects.
The presentation form of learning objects for thedent on
HyperCAL®® on-line environment can be seen in Figure 7
[17].

FIGUREG
DEVELOPMENT WINDOW OF THELEARNING OBJECTS FINAL CONSIDERATIONS

FONT: [17].
The adoption of the cognitivist perspective on Dipsive
Geometry education highlights the conceptual retetiin
the student cognitive structure that can be vetitierough
the conceptual maps developed and meaningful fegrni
propitiate a better performance on solving problems
graphically.

The introduction of HyperCAE® on-line in the
learning methodology of Descriptive Geometry repnés
the possibility of working the subject concepts hwithe
objectivity offered by the utilized resources (imeag
animations, virtual reality models), assisting dhe
comprehension of the concepts developed in theestiapd
on the graphic operations used to solve the prablem

The learning objects approach brings great cortichs
to the Descriptive Geometry learning in accordatwehe
cognitivist perspective, allowing the student toopid a
proactive posture, being sensible to his necessitind
learning preferences. The systems using learnifgctsbare
Z P = benefited from the potentialities offered by ICHHat allows
e R i — ’ . changes in the way the educational materials asegoed,

\ WSy developed and delivered to the students. Therefoeking
possible the customization and personalization be t
engineering education process.

Aiming the interoperabilityusing standards for storage
and distribution of learning objects, metadata ingm
storing necessary information for indexation andrekeing,
corresponding to a complete description of the riiear
object. The objects can be recovered by seargmes or
utiized by Learning Management Systems (LMS)
compounding the learning units.

In the scope of this work it was used the spedifica
Learning Object Metadata - LOM [6], that proposes
attributes organized in categories compoundingntkéadata
structure. Besides the attributes suggested by L&dme
information were added to the learning object metad
related to the graduation courses which is destiaad
related to the characteristics of the learningestyf the
student [17].

5 icagdo de Superficies Retilineas de
Vértice Proprio
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