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Abstract - One of the desirable skills for engineering
students is the ability of creating and understandig
geometric objects. Most of this ability is acquiredduring
elementary and high school courses, but some acqitisn
are left for undergraduate studies. The introduction of
Dynamic Geometry (DG) brings dynamicity to the
traditional geometry learning process. Some DG sysms
present web-based versions, allowing students toeishem
worldwide through web browsers. By using such systes,
students may increase their performance on solving
geometric problems, which increase the amount of wk to
be assessed by teachers or tutors. As a consequerite
delay between the time of submitting the student awer
for a problem and its feedback is also increased.
Nevertheless, if the learning process is mediated/ la web-
based learning system, the delay on providing feedbk
may cause student's disappointment or course
abandonment. In this paper we present the free saffare

based learning system, the delay on providing feekibmay
cause learners' disappointment or course abanddniis
problem could be avoided (or overcame) if the feettbwas
provided after a short delay. Consequently, theraation of
the assessment task could be twofold: it would eBese
teachers’ workload and the delay between the sigionisand
feedback.

In this paper we present the free software SAWo@mn
for Web-based Learning System in Portuguese), ahasked
learning management system that incorporates legrni
modules (e-LMs) for specific learning contents, hsuas
geometry or programming. An e-LM is a Java appiat bffer
resources for client/server communication and mdfgro
resources for problem authoring and automatic asserst.

The paper is structured as follows: the first isect
presents an overview about learning managemenersyst
followed by a section of some related works, ineordo
contextualize our work. Then, the SAW system iscdbsd

SAW, a web-based learning management system that followed by the description of some experiencesgisihe

incorporates e-learning modules (e-LMs) for specifi

learning contents, such as geometry or programmingAn

e-LM is a Java applet that offer resources for cliet/server

communication and may offer resources for problem
authoring and automatic assessment.

Index Terms— Automatic Assessment, Distance Learning,

Learning Management Systems, e-Learning Modules.
INTRODUCTION

One of the desirable skills for engineering studestthe
ability of creating and understanding geometriceoty. Most
of this ability is acquired during elementary arighhschool
courses, but some acquisition are left for undehgate
studies. The introduction of Dynamic Geometry (DBngs
dynamicity to the traditional geometry learning gass (with
ruler-and-compass).
Géometre [3], SketchPad [17], Cinderella [21] aGéam [4]
present web-based versions, allowing students & them
worldwide through a web browser. By using such esys,
teachers (tutors) and students (learners) haved faww
challenges on their activities. Learners may insgesheir
performance on solving geometric problems, whictréase
the amount of work to be assessed by tutors. As
consequence, the delay between the student solémiora
problem’s submission and its feedback is also emed.
Nevertheless, if the learning process is mediated web-

system. Finally, we present some conclusions anaguwork
directions.

LEARNING M ANAGEMENT SYSTEMS

Computers and internet related technologies hawn be
used for educational purposes for some time. Hxjsti
initiatives such as the development of systemsufipart the
management of teaching and learning activitiessaread all
over the world, [2][6][25][26][34][35]. There areegeral
denominations for such systems that are usuallyndisished
through their capabilities of supporting the teaghiand
learning process. According to Nichani [28], Kaplan
Leiserson [18] and Itmazi et al. [16], the most coom
denominations arelearning ManagementSystem (LMS),
Content Management System (CMS) and Learning and
ContentManagementSystem(LCMS). In general, an LMS

Some DG systems, such as Cabprovides resources to manage the student learmogess by

storing, tracking and manipulating data relatedti@a CMS
provides resources for the creation,
publication of web contents, independently of theplered
domain content; and an LCMS combines some fundiites
of LMS with the CMS ones. LMS and LCMS present
overlapping capabilities [10][12] but they diffen ¢heir main

purposes: LCMS has as its primary use the manageafen
learning content and LMS has the management ohdear
performance, learning requirements, learning progrand

planning [10] as its ones. However, there isn't mfied

! Janine Gomes Moura and Lednidas de Oliveira Bmn@®mputer Science Department, IME-USP, Brajahipe, leo}@ime.usp.br
2 Anarosa Alves Franco Brand&o, Intelligent Techesjlaboratory, University of S&o Paulo, Brazil,rasa.brandao@poli.usp.br

1-4244-1084-3/07/$25.00 ©2007 IEEE

October 10 — 13, 2007, Milwaukee, WI

37" ASEE/IEEE Frontiers in Education Conference
T1A-1

management and



classification of such systems [9]. For instanteye look for
the Moodle System [26] classification in the liter, we will
find that some authors, such as Depow [8] and Keéyfi&9]
classify it as an LMS and other, such as Coledg]CMS. In
this paper we will adopt the term Learning Manageime
System in a broad sense, meaning that LMS desigraatg
system that provides some management resources
teachers/tutors and for specific contents relatezbtirses.

Nevertheless, independently of the system denoroimat
the demand for such systems is increasing. Duleet®é¢nefits
these systems may offer, educational institutionsd a
companies are adopting LMSs to promote distanceiteg
courses and training, as well as to promote regidarses or
in-company training [29].

RELATED WORK

Nowadays, there are several different initiatives t
support the teaching and learning process throlaghWWW.
Here we are focused on two of them: the ones cblateools
for managing courses, contents and roles of thegss which
means, in a broad sense, LMS; and the ones rdtatedls for
increasing interactivity between learners and systeAn
important aspect to be considered is how to hetprduon
producing materials and taking care of learnerw/ities and
actions [23].

When the interactivity is considered, an importéeit is
the use of dynamic geometry [11][21][27][33]. Sirtbe first
DG systems (DGS), Cabri [3] and SketchPad [17]essv
DGS were created. Some of them are implementecva, J
which means that they can be used in web browsies,
Tabulae [11] and Cinderella [21]. Tabulae presesusne
capabilities that characterize groupware applicati@7] in its
stand-alone version. Cinderella has a large nurobearsers
and presents authoring and automatic assessmenirges.
However, both of them cannot be fully integratedoimn
LMS, since they do not provide tools for sendindtte server
any construction that were did by using them.

THE SAW LEARNING M ANAGEMENT SYSTEM

Session T1A

SAW was developed using PHPJavascrigt and
MySQL?® database server and it will be sooner availabfesas
software. The main difference between SAW and sth&tSs
is the ability of incorporating e-LMs to supportetiieaching
and learning process of specific contents providing
interactivity in real time, including automatic assment. The
fourrent version of SAW incorporates two e-LMs: i@&om
and the iCG. The iGeom is a DG system with soptagtid
functionalites and that is freely available
http://www.matematica.br/igeom. The iCG is a ptgpe of a
simple computer simulator with compiling functioitiaks for a
subset of theC language [20]. A third e-LM, the iGraf [31],
for teaching/learning calculus, is being developed.

Inside the SAW, the learning content is structuesd
components and this is made to facilitate reusee Th
components are classified asurse lesson topic, exercise
exampleandtext A courserepresents a discipline that is part
of some curriculum. Alessonrepresents a set of activities
related to a subject to be taught in a periodmétiAtopic is
an issue that sub-divides the subject desson Exercises
examplesindtextsare activities that composdesson

Components are separated by levels:caurse is a
component of level 1, l@ssonof level 2, aopic of level 3 and
exercisestextsandexamplesare components of level 4. Any
component of level i, for i<4, is composed of comguats of
level i+1 andlessonscan also be composed of a set of
components of level 4. Moreover, components maggirtea
dependence relation among them, allowing tutorsstablish
prerequisites between an activity and a set (orsetyibof
activities at the same level. For instance, it barestablished
that in an specifitesson theexerciseg depends on doing two
of the activities gxercises, exercises,, textty}, meaning that
the system will prevent the learner to acassrciseg before
the dependent tasks would be successfully done,(&.gnd
ty) or (& and f), or (g and ).

.The SAW Structure

at

The SAW architecture follows the client/server lgan.
In the client side there is an HTML interface whigtovides
the use of the system and its associated e-LM&eS3ALMs

The development of the SAW was motivated by realyre essentially Java applets, their executionvisys made in

needs of undergraduate courses from the Institute
Mathematics and Statistics from the University @ab3aulo
(IME-USP), Brazil. These needs were related taitkhesasing
use of computational resources to support teacldnd

learning activities and to the need of managing exan the
use of such resources, but also the assessmer pfaduced
material during such activities. In particular,dkars from an
undergraduate course were making use of a DG systeth
were overloaded with work to assess. A prototypa eieb-

based LMS [5] was developed to fulfill these nebdsed on
the following requirements: (i) easy incorporatiai e-

learning modules (e-LMs) for specific contents; (ii)
communication with a web server through the HT Tétquol;

(i) resources to facilitate the authoring and cemétic

assessment produced by e-LMs. This prototype wadiitbt

version of SAW.

1-4244-1084-3/07/$25.00 ©2007 IEEE

@he client. Through the HTML interface the user tagin into
the system and use it accordingly the access pgonis that
the role associated with him/her (e.dutor, learner,
administratorandtutor-assistant has.

The server side presents three layers: the interaletyer,
the task layer and the data layer. The interactayer is
responsible for managing and dispatching the client
requisitions to the task layer, which is resporsitibr
managing the authoring resources as well as foptadathe
status of a component after any modification penfed by
some of the system users. The tasks results aredsiio the
database through the data layer. The e-LMs dingctimres all
the e-LMs and it is accessed through the interadtiger.

3 http://www.php.net/
4 http://www.w3c.org/TR/html4/interact/scripts.html
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[I.The SAW e-Learning Modules heuristic that establishes the exercise as cofoegtot) uses a
combination of metrics computed all over the tagects, in
a number of configurations, proportional to the bemof free

: L . points in the exercise. These configurations ar@ined by
provide communication resources through reading HT&4s movements of each free point [15]. A free pointhis one

as applets’ parameters _and_ sending data througrP@fQT which is the basis for moving constructions in DG.
method. These communication resources are responsible for

the interaction between the e-LM and SAW. [I.The SAW User’s Roles

An e-LM must be developed to provide support fa th
teaching and learning process of specific contesuish as
geometry, programming and calculus, among otheleyT
may provide resources for authoring and for autamat
assessment of problems that will be included insysem as
exercises. Examples of e-LMs are iGeom [4], iCG #Bhf.
The iCG is a prototype of e-LM for teaching andrikéag
introductory programming and the iGraf is an e-LMr f
teaching/learning calculus. The iGeom is an e-LMiclwh
implements dynamic geometry (DG) for teaching/lezgn
geometry. It possesses functionalities for autlgpgrometric
problems, as well as resources for automatic aswsgsfor
their solutions [14]. A brief description of the é6m e-LM
authoring and assessment tool is given next.

The SAW e-Learning Modules (e-LMs) are content
specific software components, typically Java apphlehich

The system users may assume the rolexdofinistrator
tutor, tutor-assistantindlearner.

The administratorhas permission to introduce/remove e-
LMs in the e-LM directory of the system; to incldeleclude
users into the system; to register users as artheobystem
roles; to registercoursesin the system; to registarlasses
(groups of learners) in a course.

Thetutor has permission to create/modify any type of the
SAW content componentscdurse lesson topic, exercise
text examplg that were introduced by him/her into the
system; to define which components authored by Hemwill
be available for othetutors to define prerequisites among
components; to create online tests; to define yistem or e-
LM functionalities that will be available fdearners to define
thelearnersagenda of tasks; to access and egpibrtsrelated

e [ Create Exercise T 200
el e e e vorsse 1D to theclassesor learnersassessment; to post messages at the
kd St forum and bulletin board; to put files in the dowaudl area and
0 ;’,( - 3% AT to create instancgs of cooperative workplaces. o
: o : Thetutor-assistanttan have at most all the permissions a
nvour swewarsmarkhe migont | tutor can have. The permissions are defined bytdher and
FE—— they are limited to theoursesthetutor is responsible for.

g Thelearner has permission to access @lisseshe/she is
registered in; to accetsssondn suchclassesand their related
components; to solvexercisesproposed in suckessons to

< I access thecourse or class agenda; to post and answer
7 \a Clele _ messages at the forum and bulletin board; to pes fat the
PaFaFatarsic shared download area froctasseshe/she is registered in; and
(@] # 3| 2] |0l 2] 2] to work on existent instances of cooperative wakps.
s
I - IV.The SAW functionalities
2%

The current version of SAW provides the following

THEIGEOMAFJ('I-';I—%JORRIIEN]G. N TEREACE functionalities: hypertext ~editor, cooperative wjpldce,
forum, shared download area, upload area, bulletard,

components management tools and assessment tools.

The hypertext editor provided by the system is the
MaRTE (Math Rich Text Editor), an extension of the RTE
(Rich Text Editor) [32]. The MaRTE is WYSIWYWhat
You See Is What You Get) editor [36] that adds to the
traditional hypertext editing functionalities (fostze, color,
format, bold, italics etc; tables editing and iniger; figures
alignment and insertion) the ones related to thseriion of
math formulae, bibliographic references and e-LNbgedts.
These characteristics turn it into a powerful iattive

The e-LM iGeom authoring interface (Figure 1) imted
to its assessment tool. In fact, during the autigprof an
exercise, tutors (or content developers) select “theget
objects” that will give a known solution for it. €refore, the
tutors’ activity related to the assessment of ther@se is
finished whenever he selects the “target objectsh® known
solution for an exercise. This known solution ipkaidden
into the exercise and, when a learner did his/bartisn and
click the “send button”, the iGeom assessment taohpare

the learner marked objects with the hidden onesis Th " : .
comparison is made through some metrics definedalby hypertext editing tool. In order to achieve thd fudtential of

geometric objects from iGeom. Independently of theor ~ Ma@RTE, the server must have aleX [22] compiler.
interference, the e-LM iGeom sends to SAW a vaeiabht The cooperative workplace was conceived to allow th

indicates if the solution was evaluated as coreeatot. The Cooperative development of specific subject contenta
registeredcourse into the system. It is calletlVeb-media

Dictionary (e-Dict) and it is structured for the development of

® http://www.w3c.org/MarkUp/html-spec/html-spec_8.ihtm
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content related to any knowledge area, which cam Ipeiori,
divided into sub areas. For instance, in a Geonityse the
tutor can create am-Dict for Geometry which is subdivided
into Descriptive Geometry, Euclidian Geometry, Artial
Geometry and so on. The roles involved in the @aabf an
e-Dict aretutor and learner. An e-Dict can only be created
inside a registeredcourse by tutors from that course.
Moreover, an e-Dict is composed ofentries (typically
hypertexts edited using MaRTE). The cooperatiorusafter
the publishing of arentry, whenlearners tutors andtutors-

Session T1A

undergraduate courses, summer courses for mathetiesaand
high school.

I. Experiences on undergraduate courses

The development of SAW and iGeom has been mainly
motivated by an undergraduate course for future hmat
teachers, MAC118, at IME-USP. These course goale we
based on “how to teach and promote math learnipgated
by computer programs” and it was included in theicula in
1998. Since then, all MAC118 classes take placeain

assistantscan post comments about it in order to improve itcomputer lab, usually two learners per computee atiopted

quality.
The component management tools allow ta¢or to

methodology is based on “problem solving” [30] and
“learning by doing” [1] techniques, where tutorsopose a

create linkages betwedsgssonsand/or between a proposed setproblem and try to stimulate learners to solveyitiiemselves,

of activities. These links can represent preretpssi For
instance, if the link specifies thissonA must becompleted
before the beginning désson B the system will prevent the
learnerto beginlesson BbeforelessonA would be done. The
definition of acomplete lessois due to thetutor and it is
composed of a minimum number of activities that e
done bylearnersduring thatlessonor set of activities. In this

using computer programs as auxiliary tools.

Before the introduction of SAW, in the year of 200de
main software used in MAC118 was a stand-aloneicgtple
version of iGeom. During 2004, a prototype of SAWhathe
first version of the e-LM iGeom with authoring aadtomatic
assessment resources was introduced. This ver$iGAW
provided almost all the aforementioned functiomadit From

case, if the system is using an e-LM with automatichat time on, tutors could prepare lessons compos$eexts,

assessment resources, an activity is considdvedwhenever
it is delivered and set as “evaluated as corregtthe e-LM.
Therefore, learners can follow the teaching andnieg path
proposed in their own rhythm, without any interfese,
whenever the e-LM provides assessment resourcesusord
establish the path. If the e-LM doesn’t providelsuesources,
the system marks the activity deliveredand thetutor (or

examples and exercises, mostly related to an $peaeffic, in
an individualized scheme. Therefore, learners cdaltbw
their own rhythm on doing the proposed activities €ach
lesson, since they could receive immediate feedbeleked to
the exercises that were solved and submitted teytbem.

During the years of 2004 and 2005 some case studies
were conducted using SAW+iGeom (3 classes - 6(hézar

tutor assistany intervention is needed to analyze if the activity each), in arad hocway, focusing on the system usability and

was properly done.

The SAW also provide resources for supportimigrs in
the assessment task. These resources are comgosgmbids
that can refer to alassof an specificcourse or individually,
to alearner. Moreover, these reports are related to daston

refinement. In 2006 we follow the methodology preed in
[37] to conduct new case studies (3 classes of MI&ThNnd
to better justify our conclusions. Questionnainese applied
at the beginning and at the end of the course atad were
collected. The first questionnaire goal was to kntive

of a course Currently, the system presents three types ofearners familiarity with computers, geometric donstions,

reports: theclass report the class summary reporand the

LMSs and distance learning. The second questiomnaas

learner report Theclass reporipresents a qualitative analysis based on the Likert scale [24] and its intentiors Wwameasure

of eachlearner from a specificclassduring a giverlesson It
shows all the SAW components related to fleasonand a
relation (earner - componentstatud that allowstutors to

analyze thdearner performance in each proposed activity for
thatlesson The class summary repogiresents a quantitative

analysis of eaclearner from an specificlassduring a given
lesson It shows only the scores of eatdarner for all the
activities proposed for thaésson Finally, thelearner report
presents a qualitative analysis, for a gilearnerregistered in

a givencourse containing data related to his performance in

all the lessonsfrom that course Whenevertutors allow,
learnerscan get a copy of evepxercisethat compose all the
lessongthey were registered in. For thoseerciseghat were
not submitted to the systemlearners got just theirs
statements. The others are got in their last sigioms

SAW+IGEOM: APPLYING THE AUTOMATIC ASSESSMENT

the use of SAW+iGeom and related difficulties.

Number of exercises per year- MAC118

2003 2004 2005 2006
FIGURE 2
INCREASING THE NUMBER OF SOLVED PROBLEMS

The quantitative analysis related to the number of

The SAW plus the e-LM iGeom (SAW+iGeom) has beenexercises solved by learners during the coursecaiasidered
used since 2004 in several didactic experiences ifata related to 2003 (teacher's personal note§y 20d 2005

1-4244-1084-3/07/$25.00 ©2007 IEEE
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(from the system databas&)GURE 2 shows that in 2003, 20
problems were proposed and this number was inaleasé0
in 2006. This was interpreted as a consequencheotise of
automatic assessment resources which had encole@gers
in their studies (in 2006, 82% of the learners dnagwer the
second questionnaire think that the use of SAW+iGdmd
encouraged them during the course). Also, it redahe tutor
workload and encouraged him/her to introduce piEpsy
exercises to serve as auxiliary for the solutionttld main
problem, as well as to leave related exercise®amtvork.

Automnatic Ass ess ment gualiative evalustion - 2008

0%

18%

[ excellent Bvery good B good Bregubr B wesk

FIGURE 3
AUTOMATIC ASSESSMENTEVALUATION - MAC118/2006

From learners that had aswered the second queaiienn
80% considered SAW+iGeopvod, very good Or excel | ent .
Moreover, 71% of them considered the automaticsassent
asgood, very good orexcel | ent (FIGURE 3.

Observed characteristics presented during the case

studies, in a didactic point of view, was the siifigation on
identifying and spreading out worthy ideas or iitative
mistakes. The SAW+iGeom reports (supporting toolsthe
assessment task) had allowed tutors to see, im S®&W
session, all the learners’ solutions set as “evatlas correct”
or the opposite. Therefore, tutors could display specific
solution in a screen for discussing it, to showeliesting
solutions or common mistakes that were sent byn&ar
Also, the individualization introduced by SAW+ iGashows
an increasing participation of learners during stss Reasons
for this improvement could be explained by the wtlialized
environment, where learners could follow their olugthm of
learning, and the immediate feedback provided ey dH .M

Session T1A

and compass. Therefore, the use of SAW+iGeom wafote

to introduce the use of DG for solving geometriclgems and

a system for managing the learners’ activities. &kgerience
goal was to compare the learners’ performance dvingp
geometric problems considering quantity and qualitfy
solutions. At the end, it was observed that the use
SAW+iGeom improved the solutions quality, mostlychese
they consolidated the knowledge of some geometdpqrties
through the use of DG and the automatic assessaofigheir
solutions. The amount of solved exercises was asae,
probably due to the use of the system functiomalitDuring
2006, the use of SAW+iGeom was suspended and the
learners’ performance was decreased when compar2@ob.

It will be reintroduced in the second semesterGif 2

. Experiences on Summer Coufses

During the summer of 2006 and 2007, we use the
SAW+iGeom during a 40 hours course for math teacfrem
fundamental and medium levels (similar to K12). Toairse
was divided in modules, related to trigonometry and
polynomials; algorithms and fractals; and mosai@siong
others. We could observe the great interest of thanusing
the system and their desire of using it in thelrogds. Most of
them hadn't had previous experience on using LMS,
especially with automatic assessment resourcesglasdified
it as one of the most interesting system functitieal in the
questionnaire they filled in at the end of the ceur

CONCLUSIONS AND FUTURE WORK

In this paper we presented the SAW system andlifgl e
iGeom. Some experiences on using SAW+iGeom in riffe
contexts (undergraduate courses, high school amimsu
courses for teachers) were described. All expeegmminted
out that the use of automatic assessment resouwreesLMS
were welcomed, since the instantaneous feedbackde for
learners concerning their solutions for geometniobfems
(without tutors inteference) not even had decreasgors'
workload, but also increased the number of exesdisey did
during the experiences.

As future work, the number of e-LMs in the SAW vbi
increased, not only related to math issues but tteero

iGeom automatic assessment of the exercises thely h&nowledge areas as well. Also, the Learning Objéetadata

submitted to the system. Therefore, they don’t ddpen
tutors or tutors assistants for going on theirdesy activities.
During 2005 and 2006 tutors work-hours were redusiade
they could reuse lessons and exercises that wesadgl stored
in the system database.

Il. Experiences on High School Classes

(LOM) [13] description for the components creataside the
system will be provided, in order to post them é@arhing
objects repositories for promoting their reuse #orlarge
community of teachers and learners.

Ongoing work is the incorporation of the SAW main
features and its associated e-LMs functionalitiesat new
system in the context of the TIDIA-Ae projécIDIA-Ae

In 2005, the SAW+iGeom was used at Lourengoinvolves several brazilian research groups in otdespecify,
Castanho Schoglin 4 high school classes, 30 students eachdesign and implement a comprehensive set of toots f

The introduction of the system and its functionadit was
made at the school lab and learners were encoutagesk it
while doing homework as well. Before the introdaantiof

SAW+iGeom, geometric problems were solved usinggrrul

" www.lourencocastanho.com.br

1-4244-1084-3/07/$25.00 ©2007 IEEE

distance learning. These tools are low cost flexgdlutions
that should have profound social impact as a resfulieing

8 www.ime.usp.br/~verao/difusao.htm#Cf(ifi portuguese)
9 http://tidia-ae.incubadora.fapesp.br/portal
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built as Open Source Software tools that can bebawed and
extended as needed.
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