Design and Use of a
Multimedia Trainer
for the Subject
Descriptive Geometry

MAXIMO PEREZ MORALES,' PEDRO ALVAREZ PENIN,'
ANGELES PASCUAL SEVILLANO,” PABLO PANDO CERRA!

'Lim'ume’ig of Oviedo, Construccidn ¢ ngenieria, de Fabricacign, Qviedo, Spain

“University of Oviedo, Ciencias de la Educacidn, Qviedo, Spain

Received 26 February 2007; accepted 11 April 2007

ABSTRACT:

Less and less time is being dedicated to Descriptive Geometry in Technical

Careers. For that reason, a multimedia application that allows us improve and optimize the
teaching—learning process in the resolution of typical problems of this subject has been

designed. Easy of

use, interactiveness or efficiency are characteristics that can be related to

this application. In this article, we describe the more important aspects of the developed
Multimedia Trainer, as well as the results obtained in an experience with students with the
purpose of evaluating its possibilities of use. ®2008 Wiley Periodicals, Inc. Comput Appl Eng Educ 17:
13=24, 2009 Published online in Wiley InterScience (www.interscience.wiley.com): DOI 10, 1002/cae. 20164
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INTRODUCTION

The time assigned to the subject Descriptive
Geometry being taught in the specialties of Mechani-
cal and Industrial Engineering is being reduced.

The systematic work of methodological improve-
ment maintained by our staff of teachers has been
focused on the improvement of the teaching tech-
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niques and methods the subject and has allowed.
partly, to cover this deficit of time. Nevertheless, there
are certain areas of contents and abilities that cannot
be entirely adopted in the teaching—learning process,
with the consequent lessening of the quality as to the
formation of the professionals that teach this subject
[1]. Also, not all types of students are capable of
developing their learning paths by themselves [2].
The investigations [3—5] show that there is a
direct relationship among the student’s degree of
orientation toward the development of the indepen-
dent work, the motivation toward the activity and
the efficient use of the time, that is visible through the
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scademic Tesults, given by an improvement in the
gualifications and in the development of ahilities and
capacities in arder to achieve the correct reseluion af
the problems poged (o them Chther factors affecting
Jearning ouicomes can he social elements in the
Jearming enviropment ot i Jack of distinction belwesn
miajor and miner jesues n the content [G].

For the resolution of the typical problems of this
subject, methodologies tor their resolution have heen
developed (7). Thesc methodologies  have  been
validaged by medns of their application during several
courses, These ancceeded in leading rhe  =lodents
o the correcl regolution af the problerms and The
development of their logical thought 3] However, the
methedologies are not always accessible, ul least 0 an
explicil TANIET, in the hibliography available to the
students.

The work carried oul i the dield of Compuler
Assisled  Leaming (CAL) has demonstrated 115
effectiveness in the teuching— learning process of the
graphie subjects [91. being able 1o highlight the wse of
them in engineering degrecs [I0—13). An example
of this is the “Package of Programs for the realization
of educational activities and for the independent work
in Deseriplive Creametry™ [4]. These pro pramns ars no
jonger in use dus 1o the technological changes in the
Lardwars; and on the other hand, a8 the frst atlempt o
gee of computerization as a means of teaching the
subject a series of dilTicultivs arose. Here in particular,
lincar navigation that characterized et and the
ahsence ol the use of the 3D appmﬂch. Today, with
{he possibililies that the elaboration af mulimedia
produsts present. these programs cab he veprocessed
in arder o improve the teaching —learning Process of
Deseriptive Geomelry 1141,

The resnlts of the investigations camied out
[15—17] pownt oul the [act thay these technologies
affer sigoilicant contributions Lo cducation, they
indicare enongh potential value to justitying koeping
an investigating on (he use of the multimedia with
educational purposes [15.19].

Under the current eonditions, the pecessiny 1o
optimize the teaching- learning process with a view to
making o more clficient use of the classroom L is
presented as fundamental to achieve the assumed
ohjectives without affecting the qualily of the process,
How can it be achieved? What component of the
plocess regquires modifying, and im proving 10 achieve
its optirnization? One of the ways (o solve this
problem is the Use of the new technologies of
ocientifie information.

From this problem, the following work was
defined and tackled: 1o design, Lo develop and o
evuluate a means of Computer Assisted Teaching

t0 train the students in the methodologies of regnlution
ol the typical problems of the subject [escriptive
Geometry, since the application may be used by
instructots  in @ complementary Wiy for their
comrses |Gl

Mg specific ohjectives of this work, we defined:

« To elaboraic a MEans of CAL for the trainiog
in the methodologics of fesolution of 2
typical problems of the Topic “Projections ol
Elementary (feometric Bodies” ol the subjéd
Descriptive Geomery.

. To evaluate of he product with students ol
Kechanical Fngineering.

. To restruciore the Course of Descriptive Ged:
metry in such a way thal the use of Lhis ok
with the other traditionally used mEans i
integrated.

1n this aricle, the results obtained by mnedns o
the use of an applicalion that facilitates the stadent in
the resolution of exercises of Descriptive Genmety
are explained.

GENERAL CHARECTERIST!CS oF
MULTIMEDIA TRAINER

The application presented in {his article allows us I
improve the (eaching —learning process of resalution
of typical problemms of the subject “Descriptive
Cleometry.” Uor its design, an author tools ( ToolBook]
was nged, ToolBook is a developmet environment fe
the creation of marerials fFor courses which suppo
qume  ohjects oriented characleristics, 23 well me
other henelits Yike vispal programming, elements of
word processor anid a programiing langnage called
CipenSript 200,

Ta develop this application, the cotients COTe
sponding Lo the Topic **Projections of Geomelric
Elementary Bodies” were celected, distributing them
in four blocks: Projections of Polyhedrons, Tnlemsec
von ol Polyhedrons with the Plam, Intersection of
Polyhedrons with the Straight line and Reciproci
Intersection of Polyhedrons. Therefore, it is necessary
{hat the smident acguires previous knowledge abod
thee Theory of the Projections, as well as methods uf
Descriptive Geomelry for the soluton of problems i
which Elementary Geomelric Bodics are present. Fow
example, 10 ynderstand the intersection of a prism and
a pyramid il 1s indispensable o previously koow fw
to represent both palyhedrons. In that aspect, teachers
play a very imporkant role since they must assure Lt
students acguire ab appropriate hase of knowledge,



which may be one of the mest eritical aspects in the
teaching methodalogy in which the rool presented in
this article is integrated.

With Multimedia Trainer, we wanted the creation
of a fhendly emvironment for the truining in the
resalution of problems of this opic by means of
the combination of imuge, text and sound, as well
as iraining the students by means of a diversiry
of exercises. Furthermore, puarantes an immediate
response to their accomplishments and errors, in such
a way that knowledge cun be buill on solid bases,

In the process of designing the software the
lallewing approaches have heen kept in mand [21]:

« Tnleraction between knowledge and the user: the
sludent’s activity is the fundamental approach on
which the use ol the soltware is based. Tor this
there is o plan establishing ifs use as parl of the
learning.

« Contribution to the development of COMITINIc-
lion ahilities hy means ol an interface thal favors
the appropriation of the echnical terminalogy,
recreation and associalion of concepts. The
development of the graphic language thit mades
up the engineer’s form of basic expression 18
facilitated.

« Development  of meta-cognitive  strategies:
I learny how 10 learn. The student elaborates
hisfher orientation based on learning self-control.
It promotes the association of knowledge, the
logicul organization and  the re-creation  of
COnCEpIs.

« Evaluation as a means of learning. The user will

he informed at every moment ahout the resulis

heing accumulated during (he process.

Individual attention to the student. The possi-

hility of free navigation and appropriate feed

hack 1o the individual resolts une puaranteed
throughaoul the training.

Amplification of the knowledge, By designing

software interface the student is aware of the

many possibilities of computer science.

« The elaborated version has flexibility for its seli-
development due to its modular Cconstruelion, so
that it enables enlarcement in fulure versions.

It is necessary lo highlight that it does mol
only interest elfectiveness, but alse elficiency because
the class hour has become an obstacle lo achicve
the execution of the abjectives, knowledge and
skills to develop. Tt is important to design the means
that allow sludents (0 approprigl knowledse and
ckills each time in a more independent, aulGnomoLs
Veay.
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The easiness of use of the application is another
important aspect in the presented tool, given that the
simplicity of the interface and the interactive help
always maintains students informed about how 1w
proceed. The own dynamics af the guestions outlined
by Trainer guides students in the use of it.

Also, Trainer allows us o teach the sludent Lo
think, o reason and o develop skills by means of the
realization of tasks that allow the transfer To new
situations of the problem. Here the principle of
teaching solution strategies are exsential, and not just
to slay in the mere solution of an excroise as an
example of application ol the studied method.

DESCRIPTION OF THE
MULTIMEDIA TRAINER

After opening the application, the user must introeduce
his complete name and the academic group to which
hi belongs to begin the session (Fig. 1). 1t1s necessary
lo point out thal the students have free access (o the
exercises which is why the professor must guide them
about the exervises they should carry out.

Once the main page is accessed, the student can
choose one of these four topics (Fig. 2):

= Projections of geometric bodies.

. Interscction of the plane with geometric bodics.

. Inlersection of the straight line with geometric
baolies.

. Reciprocal Intersection of geometric bodies.

Bach one of these topics connects o anclher
Menu where the types of exercises appear. Thus, for
example, in the case of Inlersection of the Plane with
geomelric bodies, 8 menu is opened that presents the
following options:

. Intersection of the plane with polyhedrons.
. Tntersection of the plane with surfaces.

Each type of exervise connects Lo a Moeno ol
Exercises (Fig. 3). Bach of them displays 10 exercises
with 2 similar level of complexity. The students can
calect the exercise they want and can do itoas
many dmes as they want,

Once an exercise is sclected, the module that
takes charge of the identification of the bodies s
activated, This works equally for all the types ol
exercises, except [or Reciprocal Interscetion of
bodies, in which it is necessury to identify the two
hodics. Multimedia Trainer asks students Lo choose
which body they will identily first (Tig. 4).



I& MORALES ET AL.

[—: n==,- ﬁp_hiﬁﬁ

—enlas miﬁ'nﬂfl T

-

.-

F
R"ﬂ-‘h- o ey
L= .
Mol
e -‘_f’
s i

Ny

¥

Exit | Wre ol merrtes . oo oex & phe D Clmodia e stilo | Start

Figure 1

In order o differentiate the bodies, different
colors are used lor Body | and Body 2 (Fig. 4). Adler
the selection of the body, the screen that allows the
identification is accessed, where the resolution al 1l
hegins.

In Figure 3, the characteristic format of the
sereens used lor the resolution of the exerciscs is
shown, The graphic development of the selecied
puercise is displayed in the lell part of the window and
the area Tor the communication with the sludent is
Incated in the right part, where, one by one the
guestions that allow to execute the methodology of
resolution of the exercise will appear.

tiang of Elementery G
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Figure 2 Window for the selection of lopic.

Acepss to mulimedia traiver.

Below the two provious areas, the one that
summarizes the resolution of the exercise, slep-
hy-step, is located (Fig. 6). This area, for the case of
the identification of the bodies in the Reciprocal
Tntersections of Bodies, is divided in teo parts; one
for cach body, in the rest of the cases thers is only one
ared.

The student’s traiming in the methedology of
reselution of the exercises will be carricd oul by
means af guestions which the students will be able 1o
respond 1o by meuns of lists of options or buttons
that allow them to select the correct one (Fig, 7). The
sequence of designed  questions  establishes  the
methodology of resolution of the exercise in which
the student 15 trained.

As a student progresses answering (o the ques
tions, the summary of the complimented aspects of the
methodalogy is shown in the hoxes of the inferior part
al the window. Also the sathered information will be
stored in the file that is avtomadically created when
initiating the session, Once each slep of the methodo-
logy is concluded, the students will be able to have
access to all the information aboul thelr progress
i Fig. &),

Tn order o familiarize students with the use ol the
application, (he possibility of developing a truining
activity exists so that they complefe some exercises
under the direction of the professor. However. the
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Figure 3 Window of selection of exersises,

lmeructive help und  the own  methodology  of
resolution of the exercises help to lead students in
the use of the application.

ltis necessary lo indicate that Multimedia Trainer
allows users the printing of exercises (Fig. 93 All
the: printed dara are awtomatically filled so that the
students only have Lo select il besides printing
graphic development of the exercisze, the shmmary

of the analysis of the exercise and/or the methodologsy
of resolution of the exercise type will be included.

WORK METHODOLOGY

The trainer is claborated fur the contenls of the
Topic *Projections of Elementary Geometric Bodies”
involving them with respect 1o

Identification of bodies
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Figore 4 Window of identification of hadies,
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Identification of bodies
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Figure 5 Format of window for the resolution of exercises.

+ Projections of geometric hodies. + Reciprocal Intersection of geomelric hodies.

. Intersection of the plane with the geometric
bodies. This topic takes up more than 30% of the
o Interseclion of the straight line with the geo- subject classroom time, amd covers the problens

metric bodies. through which the methods stuclied are generalized

ldentification of Geometric Body

—| ____Spaual position of body e
Vhat spatial peeition have the bases? F-_nH—.— B
What spatal position have he edges? @Iqhﬁ_ j;—'l
wihat spatial poeitian has the kateral aurface? If@__ﬂ

|Hepar ares ik nborseation pobrits deterflnad™

T elirmetly 1 appiying the medboad

Tha body i an obllnria Squang pyramic
Tha ba=as ares on H

Thalr adges ara allgus
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Vigore 6  Window of mesolution of exercises,
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identification of badies

Body1

Conditinns of visibilily of the body

Winibhiity of faces in plane H:

[ Oves A [ ris]
IR —L
l?'v.:_m !I:I'I O e
i O Yes na L an

a arc on H
= Ere parpendioulor o H
ndicular o H

Nl inbarac-

| Bodyd is @ guadranguiiar stralght PrigdT
|

tion = ncddices

Lo L S I P thon dim sere| |

Figure 7 Window of

Summary of the

anelysis of the visibility,

analysis of the exercine

Bodyl is & squarse stralght prism

The basas are on H

Thelr edges are perpendicular to H

The lateral surface Iz perpendicular to H

The horzontial projectlon of the Intersec-

tion calncldes
Dioterminate intersecton points directly
wWisible faces on Hi Mo

Body2 is an oblique squara prism

The basos ars perpendicular to F

The edges= arae parallal ta H

The lateral surfacs is obligus
Coterminats interasction paints applying
mathod

wisible faces on H: HE, F&G, EF
Prajectiona to detarminata: frontal

Edges of Body1 that Intarcept: A, =
Edges of BodyZ that Intercapt: &, F E
The intersaction iz a bite

iy one intsrsection line

It = nocousany to

dotoermine 140 verlexs

Methodology of solutien of the reciprasal Interzections af polyhedrons

1 To ldentiflcate the bodies: shape, position and condlions of vizibility of sach body,
2 Ta characterdze the intersection: analysls of Intersectlon lines and thelr vertexes.
a.To determine what =dges of each body taka part In the intersection,
b, To detormine the type of Intarsection: blta, partizl peanstratian, total penatration.
o, To detarming how many intersection lines arc genearated.
d To detarmine how many vertexes has the intersection line.
a To determine the vertexas of the Intersection lInes.
4,To joln the polntz of the Interscction lInes.
5.Ta define the conditlons of vizslkility of the intersection lines.

&.To complets the adges of each body.

Exit FPrirmt

T« -

Figure 8 Svmmury of the umalysis of the exercise,
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To determine the intarsection points of the straight line with the body.

g

Summary of the analysis of the exercizse

The body is an abligus trimngular pyramid

The basa is anH

Their adges are anlique

Dreterminaie intersection poin s applying aethod
Wisible faces onH- S0, S0C, SCA

Yisible faces an F- S4B, S0

The =siraight line is obligue

The straight line cutsto the lateral surfase

& frontal projecting plane shouwld be used

The produced section i triangular

Methodolegy to solve the Intersections of the straight line with the Pelyhedron

1.To ldentificate the body shape. positton and conditions of vesibaling,

2.To characterize the intersection,

a.To deterrnine the poasition of the =traighi lire

b.To deterrmineg which pans of the body are affected by the straight inz.
. To analyze which is the suitable plane to salve the interszction.

d.To analyze which shape hastha section (triangular, square, circular.

3.To determine the intersecfion points,

4. Ta determineg the conditions of wisibility of the sraight line.

Figure % Window of impression of exercises.

and applied. The problems of reciprocal intersec-
tion of bodies constitule the most comples and
their solution  reguires having tained the stu-
dents previously in the methods suggested lor this
subject.

The potential users of (his prodect are the
students enrolled in the engineering degrees, For their
validation students were rundomly selecied om the
first year of the studies of Mechanical Engineering of

the Courses 200002007, 2001,/2002, and 20022003,
In each course the students were divided in bwo
DTOUpS:

« Condrol Grogp: an introductory class of the
topic was given to the students of this group and
then they passed to develop their autopreparation
wiik with the resources that have raditionally
been used in teaching.



« Frperimenzal Group: After an introductory class
of the tapic, the students made antopreparation
wark with Multimedia Trainer.

The objective of these tests is to study the
improvement for the student of Descriptive Gaometry
that the use of the trainer in the wcaching—learmning
process will mean. For that reason if the Experimentul
Gronp has solved the exercises more efficient and
more effective than the Contral Goup is observed.

Evaluation and control technigues were used, us
well as interviews and surveys, intended to achieve the
asscssment of the effcetiveness of the product. As part
of the validation a pre- and post-lest with a view Lo
being able o compuare the resulls among those who
used the product und those whe did nol ose i0 was
carned oul [22].

The product is elaborated to be used independ-
ently on the part of the studenit, without the eacher’s
presence; on this basis they can rain themselves in the
hove mentioned methodologies for the given topic,

An esseniial aspect ol the work carrisd oul 15 the
search lor higher elliciency of the work of the
students” self-preparation, looking forward to puaran-
teeing the efficiency of the teaching  learning process
itsell,

OBTAINED RESLILTS

Ta establish the effectiveness of the method, yield
tesls were designed that allowed us to know how
much the users learned with the means. That’s why
the technigue of the pre- and post-test was used with
the Group of Control and the Experimental Group.
e all the dats was pathered, they were classified
and processed to concluode later with the phase of
analysis in order to establish the consequences that
can he deduced with regard o the purpose of the
investigation.

Before heginning the tests, a study (hy means of
the test of Mann—Whitney) was made to verity that
there were not significant differences among Conlrol
and Experimental Groups. For this study, academic
index from the students at the moment of their
entrance to the carcer was uscd. The hypothesis
was not rejected and we concluded that sigmilicant
differences in the academic index of the Control and
Experimentul Groops did not exist, reason why had
validity to carry oul the experiment.

The tesls were carricd oul creating the suitable
conditions imside the own process ol leaching —
learning of the subject. in the moment that the
students study the contenls and programiming the
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Figare 100 Resolts of Pre-test of Experiment A

dilferent activities with the enough immediacy to
avold that factors unaware to them  behaved as
unknown variables.

Thus, the resulis of Pre- and Post-rest in Control
and Experimental Groups obtained with the students
of the course 2000/2001 (Experiment A} are shown
graphically in Figures 10 and 11, Tt is possible 1o
ohserve that in the Fxperimental Groop there is an
improvement of the academic resules. Also, we could
verify that the stucdents that used Multimedia Trainer
had a hetter performance in the resolution of the
exercises and they solved them in a shorter time.

The information of the first test allowed us to
pather elements for the improvement of the mean that
was subjected to a second test with the sludents of
the course 200072002 (Experiment B} that were
distributed in the two groups, cach one of them with
|7 stwdents. Asin the previous Lesl salislelory nesulls
were abtained about the use of Trainer, us il 1s shown
in Figures 12 and [3.

Finully, a last test (Fips. 14 und 157 wilh students
of Mechanical Engincering of the course 200272003
was carried out (Experiment C). Studying the data
oblained Irom Control and  Bxperimental Groups
sepuralely, it is observed (Fig, 16) that in both cases
exists a significant difference between the results
of Pre- and Posl-lest, bul the Eaperdmental Group
oblained a qualilicalion average of 9440 points
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Figure 11 RBesolis of Post-lest of Experiment A,
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Figore 12 Resulis of Pre-test of Experiment B.

whereas Control Greup only oblained 87.33 points,
The Experimental Gronp improved their average in
11.2 points, whereas Control Group only in 4.5 points,
which demonsirate that the performance of the
students in the resolution of the exercises is improved
when incorporating Multimedia Trainer. Here also
we can observie that when the use of Trainer is
systematized in the teaching—learning process, the
positive results become more remarkable.

On the other hand, when observing the work of
the sudents in the following educational activity, a
mare efficicnl work of those that have used the trainer
is verified. In other words, they solved the exercises in
a more independent way and in a shorter time.

CONCLUSIONS

The trainer constitutes a Multimedia System for the
sty of typical problems of the subject of Descriptive
Geometry that guarantees the training of the students
in the methodologies of resolution ol exercises in un
autonomous way; it allows us to have a great number
of exervizes and of the evaluation of the antoprepara-
tion work.,

The structure in modules allows the adaptalion
andior amplification of the trainer corresponding
to the educational necessities thal can be presenled.
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Figore 13 Results of Post-test of Experiment B.
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Figure 14 Results of Pre-test ol Experiment C.

Their vse is perfectly amiculated with the develop-
ment of manual ghilities of the students, this aspect
is considered of great importance in the process of
leaching  learning of this subject.

An importunl conclusion about the use ol Multi-
medin Trainer is that it can become a fundamental role
in the development of the capuacity to leamn o know
the methodologies of resolution (rom typical exercises
of the subject of descriptive Geometry.

The resulls obtained in guantity and guality in the
gxperimental groups were significant with regard to
the results in the control groups. The Tests carried out
allowed checking the trainer’s nsefulness: contribu
ting the necessary elements lor the restruciur ing of the
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Figure 16 Averages in Expeniment C.



precess of teaching —leaming of the subject. Also, the
simnilarily of these results guaranlees the trostworthi-
neas of the investigation developed. The instruments
and procedures have generated similar results when
fhiy have been applied w similar osers in similar
siluglions,
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