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Abstract - This paper reports some ongoing experiences recorded and catalogued

and partial results of a research related to the es of the
learning objects concept in disciplines at the Pragttion
Engineering undergraduate course at Federal Univerty
of Juiz de Fora, Brazil. The research can be foldeth two
directions. The first is the learning objects devepment
itself that aims to build a database of virtual obgcts
related to basic engineering and technology content
This learning object construction is also relatedd some
previous experiences in the development of web bake
environments for product design teaching and learmig
support. The second direction is the evaluation dhe use
of those learning objects in classroom’s and in coputer
labs with basic and applied engineering contents sh as
materials engineering, product design and
manufacturing processes. This evaluation is being
structured in the moment from a qualitative approad.
However, the initial tests made in some classroons the
end of the last semester showed a great interesofn the
students side.

Index Terms- Learning object, Web based environments,

Product design, Manufacturing Processes.

INTRODUCTION

in an organized and easily
accessible way.

This paper reports some ongoing experiences artiglpar
early results of a research related to the uséefidarning
objects concept and its storage on a web-basedoanvent
entitted Design Knowledge Database (DKD). This
environment was previously decrypted in a papertlmn
ICEE 2005 conference [6]. Those learning objeces raow
starting to being used in disciplines such as Reb@esign
and Manufacturing Process. The main target of ésearch
is to build a database of reusable learning objec&ipport
the classroom activities on those disciplines. Msuee that
those objects will be used more efficiently as fuss the
research team is following some design stratedias are
decrypted in the paper among with theories on lagrn
objects development that supports the researclthdnrend
there are some considerations on the early reanltsthe
directions for the research continuity.

LEARNING OBJECTS

In a broad sense learning objects can be defined,
according to IEEE/LTSC, as a virtual or physicalitgrthat
can be used and reused during a learning procgss{e
specifically those objects can be considered adl suH-
contained units of information or instruction. Thegn be

The computer and information technology resourcesleveloped trough the use of many different digiteddia

available nowadays for all knowledge fields andeegly in
the technological and engineering areas are expgnitie
possibilities of new educational methodologies amedia.

types and may be flexibly combined to form content
packages of different knowledge areas [1].
In a traditional approach, most of the instructiona

Also the growing number of students with access taontent is developed to fill some specific needhsas, for

computers and to the Internet is demanding a sogmit

instance, the concepts of a manufacturing prodesssable

effort in research and development of computer dbaselearning objects, on the other hand, are instroatisoftware

learning systems and methodologies. In the contaxt
Brazilian engineering courses there are some sfiorthis
direction. However it is clear that still there amany open
fields of research to be addressed. In this wag, @inthe
most important tasks is the development of reusiaialaning
objects. Another direction is the development asel af web
based environments to provide a framework for djmeci
engineering contents and its learning objects tizat be
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modules created to be used in a variety of edutaltio
settings.

According to Wiley [11] the concept of learning ebis
is grounded in the object-oriented paradigm thabhedrom
computer science. The fundamental idea is that sl
media designers or even teachers can build com tieat
are relatively small, compared to the length of eartire
course, and share it in order to be accessed ad many
times as required and also can be allocated in rddfgyent
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contexts as needed. Also as stated by Wiley [1d] @ther
authors, learning objects are generally understtmde
digital entities deliverable over the Internet, meg that
any number of people can access and use theworganize and connectthe objects.
simultaneously. One of the positive arguments for the use of legnin
Then one can see that those objects can be dedignedobject is the time saving that is possible for tlser. The
be a variety of digital media such as texts, hypast still teacher would have no need to neither do extensisearch
images, animated images, videos, interactive scrigb  on the subject matter nor develop the material [1].
software’s. Also the learning object is frequently In that sense, a successful design begins withea us
combination of two or more of these media typesddally  needs identification to determine what knowledgeskitls
they are developed with a focus in determined curémd  are required by the learner. This may include & tamlysis
stored in database from where it can be accessemhtpose to distinguish critical information and learningepequisites.
a set of educational media with a specific targat the  The designer can then use this information to ereat
context in hand (figure 1). individual learner objectives. Often, the desigmdl design
a separate learning object for each discrete abgecthis is
a typical approach in the product design process.
According to Clark [5], individual objectives shdube
classified by learning types such as concept, faiciple,
or procedure as viewed in table 1. This approadtwal
targeting of optimal design strategies to differgyyes of
instruction. Individual learning objects can them drouped
together to address specific real life tasks, andesign
specification can be created to guide development.
Designers of learning objects can use almost any
development tools available nowadays to createtadigi
media, including PowerPoint, Photoshop, HTML and
Hypertext builders, Flash, or custom creation tollss also
frequently the use of two or more kind of filescd@ate one
individual learning object. So the designer alwagss texts,
graphics, still and animated images, videos andratbntent
that can be combined in only one object.

purposes in a discipline or for a conference ireotitcasion.
In this object oriented approach, the designer rkastv the
functionalities of the database in use to desigelecs,

Classroom

Designer = Tools M
Designer => Tools %

|:> Internet

Learning
Objects

CD - ROM

DATABASE

FIGURE 1
DIFFERENT TOOLS AND CONTEXTS FOR LEARNING OBJECTS

STRUCTURE AND DESIGN OF A LEARNING OBJECT

According to Merrill [6], the design of learning jebts
requires the definition of what it will be and tbeganization
and storage of them in electronic databases. leraw the
user easily access those objects in a databasenthst be
tagged with predefined characteristics. There ar@nym
approaches to that kind of organization of techgickal
knowledge [4]. One example is of a possible taggiclieme
is presented in Table 1.

LEARNING ENVIRONMENTS : THE DKD

The integration of a previous developed learning
environment — the DKD — with the concept of reusabl

TABLE 1 — ADAPTED FROM [6]. learning objects is now being experimented. Thaltg$rom

Object class Definition Examples the utilization of the DKD with students of the Humt
Domain Refers to general subjec{ Mechanical Design discipline showed significant results and aow
_ matter or discipline. Engineering enhanced with the utilization of learning objeatsitents. In
Subject d%‘;f;'r‘:'c topic within the | Mechanisms fact the DKD was previously developed as an envirent
Content Type Types are defined Fact to gnhance the teaching and learning proce§se$odi1<p1
according to some Concept design and not though as a database for learnijegtsb
classification scheme. Procedure As reported in [7], the DKD is structured aroundeth
E’:ﬁfc‘?;i main modules that are connected by an associatiools
Instruction Element| Refers to the instructionplGeneral exposition _The first mO_dUIe IS r_elated_t_o_ the e).(pIICIt knowged
function played by the Example incorporated in the design activities and is repmésd by a
knowledge object. Analogy dynamically constructed database. It can be cotbgtan
Practice improved by the contributions of the users. These
Solved Problem tributi be uploaded to the system by myhat
Assessment contributions can be uploaded to the system by meyba
Media Type Refers to the technical | Hypertext access the system. The second incorporates a assd-b
means by which content i Still Picture library related to the implicit knowledge that cafmem the
displayed. /S\”'mzt‘;d F"kCthe user’s experiences and also from the design tdsisare
Video € being developed by the students or teachers. It lwan

dynamically constructed in the same way as thé rfixsdule.
The third module deals with the implicit knowledtjeat
came from the association of case based librarypaojects
in development with the personal knowledge of eawd that
is involved in the design process. It intends tpteee this
kind of personal knowledge allowing the user tonfalize

The design and development stage of a learningcbbje
starts with the definition of objectives and thentaxt of
application. The designer must bear in mind thetuber, a
teacher for instance, will select a set of objeletgeloped for
a determined subject to build some specific contenthis
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how some specific task can be done or how to parkome
procedure related to, for instance, what the tesmaing in
the moment. This module can also keep some register
methodologies and practices of the product devetsprhat
can't be classified in a more formalized and ckestiway in  DKD environment. It allows the possibility for stae of
the first module. diverse kind of file formats allowing the studerasid

Those three modules are linked and articulatedhiey t teachers to record almost any kind of digital infation
resource of association of contents. This means #a related to the task in hand, including a organizet of
recorded file in the explicit knowledge data basa de learning objects.
associated and linked to a specific file of a desitgp in the The DKD can be accessed trough the following addres
sample library module or to a description file ihet www.n3p.ufjf.br/bcp. It is necessary to fill a regation
procedures module. All contents in all levels caa b form to have access to the system.
associated.

Each module is organized in levels in order tocétme
the technological knowledge in a way that is faanilith
the kind of work of engineers and designers. Fsaraple of
this organization one can take as example the rirdtion
and knowledge available that are related to somzharecal
concepts that can be incorporated on a producbmponent
of it. The hierarchic structure for the connectirgf and
crank basic principle is presented bellow:

by Ullman [9]. In a practical point of view thesanbuage
types are represented by text files, raster antbvémages
and some more complex three-dimensional files ooigied
for web viewing. This is one of the interestingtteas in the

REPORTS ON THE ONGOING EXPERIMENTS

The experiments took place in the computer labhef t
Production Engineering course at Federal Universityuiz
de Fora. This lab has twenty computers availahleafolass
of about eighteen to twenty two students, one cdernpior
the teachers use and one server that hosts sonikeof
systems developed. All computers are connectedhéo t
Internet. There is also a digital projector andcwerhead
projector. The activities are being done in thedBod Design
| of the sixth semester of the course in the sec@miester of
2006 and now in the first semester of 2007 (stiltourse).
Also some experimentation is now taking place viitle
Manufacturing Processes discipline in the seveathester
of the course.

In the Product Design | discipline the theoretical
concepts of design methodologies are approacheéhtamt
to give to the students an initial and broad sefiske nature

* Engineering Fundamentals (1°. Level).
o Mechanical Technology (2°. Level).
= Machines (3°. Level).
e Mechanisms (4°. Level).
0 Connecting rod and crank (5°.
Level).

This structure developed for the DKD [2] is similar
the presented in the table 1 [5] and the experiencits use
is showing that this is a good frame work for léagnobject  of the design process itself along with a more ikgtastudy
organization and storage. of the main steps of it. These are the identifaatiof

The figure 2 shows a fragment of the DKD interfacecustomer needs, establishing the scope of the girdigting
with a fifth level content sample of the structunentioned the basic specifications from the user’s statemeand
above. In this case one learning object (linkedeintgxt) of  necessities, decomposing the problem and generating
the connecting rod and crank principle is showed ane  solution concepts for each sub problem, select and
can see that is possible for the user to post smmements synthesizing a concept to be developed, refine the
about the content displayed in the window left feam specifications and detailing the product. Thosetemts are

%] hitp:IAwww.n3p.ufjf.br - Descricao e imagens do principio de funcionamento do mec

de biefa
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movimiento giratorio continuo de un gje »
en uno lineal alternativo en el pie de la
biela. También permite el proceso
contrario: transformar un movimiento
lineal alternativo del pie de biela en uno
en giratorio continuo en el eje al que esta
conectada la excéntrica o la manivela
(aunque para esto tienen que introducirse
ligeras modificaciones que permitan
aumentar la inercia de giro).

Este mecanismo es el punto de partida
de los sistemas que aprovechan el
movimiento giratorio de un eje o de un
arbol para obtener movimientos lineales
alternativos o angulares; pero también es
imprescindible para lo contrario: producir
giros a partir de movimientos lineales
alternativos u oscilantes,

En la realidad no se usan mecanismos
que empleen solamente la manivela (o la
excéntrica) y la biela, pues la utilidad
préactica exige afadirle algun operador
mé&s como la palanca o el émbolo, siendo |,

© ineret

anismo biela-m - Microsoft Internet... [~ |0

based on a book named Product Design and Develdpmen
[10] used as the text book of the discipline. Alamith those
design process contents there is introduced thestoplated

to the simple machines, mechanisms, basic elecspni
structural systems and materials [3].

In both disciplines the experiments are organized i
three steps. From an initial presentation of a ijpezoncept
by the teacher, the students organized in groupsassigned
to perform three tasks related to the use of legrobjects.
In the first step they must search educational atbje
available over the Internet and made a brief prasen of
it. In the second step they must design and devstope
simple learning object related to the same conseptched
previously. This development could be from scradctthe
customization of an existing one. In the third stédje
students have to record the objects in the DKD amadke

FIGURE 2
SCREEN CAPTURE OF THE DKD

some associations between the objects and the kdgel
stored in the system.

In the case of the Product Design | discipline the
concept used to perform the experiments was thaemimg
rod and crank mechanism. This concept is part of

It is allowed to the users the registration of rmmtents
and it can be recorded according to the designuages
types (semantic, graphical, analytic and physidsaminted
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introductory overview on simple machines, mechasismd
how they interact in a complex machine. These qoiiscalso
acts as a background in how are the functioningcyples in

the more complex operating machines worked in the.. ==
e

Manufacturing Processes discipline.

The student’s teams were able to find a huge amofunt

digital media trough the Internet related to therexcting
rod and crank principle. They range from simplé stiages
associated with explanatory texts in an HTML docnotrte
very well developed animations explaining the cqacé&or
the first step those files were catalogued androrga for
the storage asked for the third step.

In the second step some teams choose to develop

learning object from scratch and others to custerame of
the founded early. It is important to emphasizet tthe

design and development done was according to thigyme
methodologies concepts studied in the Product Desig
discipline. This means that they must have a siredt
approach to define how the object will meet the'sseeeds.

In this case the students itself.
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FIGURE 3
SCREEN CAPTURE OF THE WORKING MODERD PROGRAM

B icee20n

This software was used in the demo version and the

In the third step the storage was made under thBroduction Engineering Department at UFJF is now

orientation and interference of the teacher in otdellow a

precise fit of the files in the database structéretually the

DKD permits the storage by the students. Lateteheher as
an administrator of the database can edit the deemd

choose the better organization when it is the case.

evaluating this and other options aiming to purehas
license. Although the use of such program seentsate a

positive impact among the students, there whereesom

problem related to the difficulty to make the oltgec
developed available on the Internet. The files gated by

In the Manufacturing Processes discipline the teami1® Program can be stored in the DKD but anyonewiaats

followed the same procedures and there were fourdl a .
P E§omputer. The students modeled with ease the cont¢ipe

developed some good samples of learning objects.
instance, one team chooses to work with the dri#sg
process basic concepts. This project is still
development but seems to bring some good resudtsthiat
example they are using a drill press available e t
manufacturing processes lab and are developingvtiik in
two parts. One is the design and development oigaad
learning object using still and animated imageghef drill
press functioning concepts inserted on an HTML duet.
The second part is the design of a poster thatheilfixed
besides the drill press in the lab.

In the end of the semester the students teams malst
a presentation of the concept and object develapedfill a
form with some questions about the experimentsizegl
These questions intend to give some initial feekbmmout
the experiments and are now redirecting some puesd

Some student’s research and work lead to the use &

specific software to model and simulate the belragdb

simple machines and mechanisms. The most integesti

program found was the Working Model (Figure 3).
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to work with it must have the program installed his

connecting rod and crank mechanism in the progtarmnthe

undePnly way they found to share it was trough a vifiEoor a

still image. However it showed a great potential avill be
used from now besides the other kind of tools dadpce
learning objects.

One of the future trends in the research reporezd s
the use of physical learning objects as an artffasisible to
interact with the virtual objects in various levels that
sense, as the learning objects can be considereditest
any digital media that can enhance the learningarhe
specific concept, there is a huge set of poss#slitof
interaction among physical and digital objectstidfly the
links that are being tested are simply descriptmfnsoncepts
and procedures that can be accessed from a contjagieles
the physical device in a lab. With the developmehthe
gsearch they are being transformed in more dynamtt
interactive relations that are made possible wligh tise of

(flevices such as digital cameras and various kifiderwsors.

FINAL CONSIDERATIONS

The fact that the students are assigned to desope
simple objects seems to enhance their ability tdeustand
the basic functioning principles incorporated on This
allows them to have a critical view over the exigtbbjects
and incorporate functionalities or information thtdtere
where not available. Also the level of interactvit
incorporated in a learning object is of significamportance
on the effectiveness of its use. The use of intemac
software (Working Model) to build the knowledge abo
some technological concept is the activity that th@smajor
impact on the student’s preferences.
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According to [1], there are many aspects that ninest
addressed to a more efficiently use of learningecisj One
of the most important is the reusability and avalitey of
them in a well organized database. The use of @ qusly
developed DKD seems to be a good choice for the enbm
This is important if the context and physical faigb of the
Production Engineering course at UFJF are congidere

There were diverse arguments enhancing the bemndéfits

the learning objects use in the teaching and lagrni
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