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The educational software are emerging to be onthepillars

of the education how tools to facilitate the teagHiearning
process. However, in recent years, a lot of softweas been
developed in a disorganized manner and poorly dected, so
it is necessary to establish a disciplined methagipl that

guides its formal development.

In this paper we propose a methodology called E§&fthod-

ology Development of Educational Software Rich inetac-

tion). This methodology is the result of followirsgmethodo-
logical framework that includes the combinationI8E meth-
odology (Software Engineering Education) and théhoaolo-

gy UCD (User Centered Design). Moreover, in additio these
methodologies ESRI is enriched with models sucMaBroS-

oft (Process Model for Software Industry), quatandards for
software products (ISO / IEC 9126) and contribwitrased in
software development using methodologies such &s (T®am
Software Process) and object-oriented modeling ey U

ESRI follows the scheme of Evolutionary Process 8ahd

consists of five phases: Analysis, Specificatiomegfuirements,
Design, Development and Evaluation which aims teettg

educational software in an organized way, thatstmih the

educational content effectively according to udwracteristics,
friendly interface and easy enough to use.

Keywords: educational software, software develognreath-
odology, interaction, software process, teachirgrlimg.

1. INTRODUCCION

Mérquez, Gross and Mena, referenced in Fernandek

Delavaut [1], they agree that educational softwveaeecomputer
programs developed for the specific purpose ofpesed as a
teaching tool to facilitate the teaching and leagnof a specific
topic. The characteristics of educational software, generally
based on the materials to assess, however, Mafguisgnthe-

sizes them into two groups: 1) the educational famdtional

characteristics, which include ease of use, vditgatidactic

capacity motivation, fitness users, potential t@aghesources,
assessment, explanatory and creative approachpramabting

the initiative and learning and 2) specificationdiich include

the quality of the visual environment, quality agdantity of

multimedia elements, quality, structure and contemtigation,

interaction and reliable execution.

Currently educational software has become oneepthars of

distance education system and this is shaping Upeta basic
tool for future generations, however given its groyvdevel-

opment in recent years, much of it has been deeédlsp disor-
ganized and poorly documented, so it became negessa
establish a disciplined methodology for developnibat meets
the specific needs of educational software [3]. tTisawhy

authors like Galvis, by his ISE Methodology for gedection or
development of Computerized Educational Materidls and

Cataldi, by his methodology of design, developnzert evalua-

an

tion of educational software [5], have been esshill first
formal guidelines for the development of educaticadtware.
This paper presents a proposed methodology to aleveluca-
tional software by combining the best featureshef methodol-
ogy ISE Galvis and UCD methodology.

2. ENRICH A METHODOLOGY FOR DEVELOMENT
OF EDUCATIONAL SOFTWARE

Because the educational software is intended teeses a teach-
ing tool, it must be designed thinking always esestivat stu-
dents learn the content educational software atetogransmit
at the same time to generate interest and motivdtiolearn
with this medium.
The ISE methodology develops educational matefa@lsom-
puter and consists of five phases: Analysis, Desiggvelop-
ment, Pilot test and Field test, these phasesdentify if there
is a problem and proposes a pedagogical solutiainctnsiders
the adaptation or development software. This metlogy
allows identifying if there is a pedagogical probland it pro-
poses a solution that considers the adaptatiorweldpment of
software. ISE incorporates pedagogical aspecttss &gl con-
stantly adapts the software to the specific needsnsure that
students learn effectively. ISE is characterizedibgpening the
analysis phase include compliance with educatiobfctives
in design and theories of learning during the dgwelent pro-
cess [4].
Meanwhile, UCD methodology is focused on designamgl
developing user-centric software, its phases aged#s analysis,
user and task analysis, functional analysis, requénts analy-
sis, usability Match Specifications, design, prgpat and Eval-
uation). UDC allows developing interactive systezasy to use
with friendly interfaces that are of interest t@rss[6].
Both ISE and UCD methodology have elements thatptem
ment each other to develop software that meetsfehtires
synthesized by Marquis (see above p.1). Havingietuboth
methodologies there is concern us create a methggadio
develop educational software that encourages mgauitearn-
ing by incorporating the educational component &®tning
theories, it is easy to use and respond to ugeesific charac-
teristics, and it is interactive enough to arouse interest of
users to continue using the software. To achieig tie pro-
pose a software development methodology resultiog fthe
hybridization of the ISE and UCD methodologies: Method-
ology of Educational Software Development Richritetaction
(ESRI).

3. METHODOLOGY
The process for developing the ESRI methodologguimma-
rized in Figure 1.
In accordance with point 1 of the methodology (F&g), we
performed a synthesis of the phases and activitias make
both the ISE and UCD methodology to facilitate ithentifica-



tion of similarities and correspondences of bothihmdologies.
See Table 1.
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Fig. 1. Process for developing the ESRI methodology

As shown in Table 1, there is a very close corredpace
between the ISE methodology and UCD consideredadls b
phases are very similar and can be fused to makdelst of
ESRI containing both. In accordance with sectiorof2the
methodology (see Figure 1) were merged phases eitias
of Table 1, these phases and activities are that refsstudy and
analyze the differences and similarities, adapt @mdbine ISE
and UCD methodologies, Table 2 shows the result.

Table 1. Correspondence between phases of ISE @id U

ISE methodology UCD methodology

P1. Needs Analysis.
P2. Analysis users.

P1. Analysis of educa=

tional needs P3. Functional analys
P4. Requirements analysis.

P2. Desing P5. Match Specifications usabili
P6. Desing.

P3.Develop P7. Prototype.

P4. Pilot test. P8. Evaluation.

P5. Field tes No correspondenc

In accordance with section 3 of the methodology Sgure 1)
underwent a second revision to incorporate mechanit
ensure the functionality of the systefm achieve functionality,
we made contributions based on experience in dpiwgcsoft-
ware systems using different methodologies suchS#s (Team
software Process) [7] and UCD [6], object-orienteddeling
using UML (UnifiedModelingLanguage) [8], and theudy of
development models for software industry as MoPfo$3]
and standards for product quality software suchS&s / IEC
9126 [10]. In the design phase included modelinggu&ML
diagrams (at least by use case diagrams, classseamquence)
and Entity-Relationship diagrams of the databalewimg the
system to model in a unified language understaedabalmost
any software engineer and programmer. In the dpvetmt
phase incorporated unit testing and integration emented
with usability testing, allows the system to bediional enough
to be released and its user friendly interfaceiatetactive with
the user.

According to section 4 of the methodology (see Fegl) is
represented graphically the process of develogiegnethod-
ology ESRI, although in point 2 of the methodologlyeady
have a first approximation of the phases and susgdh that
shape, determine the outline of the software pseesdel to
follow, for software process model means the womskflbe-
tween processes, activities, tasks and productsirezbjto de-
velop high quality software without detailing sff@ciactivities

(own definition based on [11] and [12]). Pressmansiders
four types of software process models that aredgirescrip-
tive process models: The waterfall model, Incremleptocess
models, Evolutionary process model and specialiredels in
the process. After studying in detail the metho@sdetermine
that SERI development methodology will follow thetlne of
the Evolutionary Process Model considering thatcatlanal
software should be constantly evolving to suit #reerging
needs of users, this model of evolutionary processdollow a
cyclical path and nonlinear, in each iteration eald new fea-
tures to the software, developing increasingly clempersions
that meet the new requirements and adapt to engengiw
needs.

Table 2. Result of merging the ISE and UCD methogipl

Phases and sub, .. ..
Activities.
phase:

P1. Analysis.

Consult sources, analyze possible causes
to the problem identified, analyze alterna-
tive solutions, define the type of software
and the target population, pedagogical and
didactic principles apply and develop a
plan of development.

SubP1.1 Analysis
of educational
needs.

SubP1.2 Analysisldentify and define the characteristics of
users. primary and secondary users.

P2. RequirementsSoftware overview, functional and non-
Specification. functional requirements, restrictions.

P3. Desing.

Specify the content and educational need
to be treated, raise learning objectives,
evaluation mechanisms and motivat

SubP3.1 Educatio-
nal Design.

Determine ES devices to use, interface
SubP3.2 Interfacedesign microworlds (scenarios), perform
Design. visual and content organization, navigation
map.

Functional and structural specification by
UML, implementation, evaluation and
adjustment paper prototype.

SubP3.3 Computa-
tional design.

P4. Development.

Select tool development, program mi-
croworlds and supplementary materials to
develop softwar

P4.1 Program
modules.

For each module coded white box testing,
P4.2 Unit Testingimplement corrections to errors detected,
and integration.  the system integration module and integra-
tion testing.

Black box testing and implement correc-
tions to errors found, plan and conduct
usability testing and implement corrections
to errors detected States, eventually writ-
ing a user manual.

P.5 Evaluation.

4.ESRI: METHODOLOGY OF EDUCATIONAL
SOFTWARE DEVELOPMENT RICH IN INTER-
ACTION

The methodology ESRI is characterized by incorpogatduca-
tional issues as elements to develop functionalesable edu-
cational software that meet the users' needs, alsagking to
teach that content to be learned by the studefestisfely. This
is what differentiates ESRI methodology as the i&&hodolo-
gies that focuses on developing educational mésebat ne-
glects structural modeling system software neededetelop a



stable and complex. Furthermore, the UCD methodofogus-
es on interface design and usability but explicitigorporates
pedagogical and structural aspects of the systehtamsolidat-
ed methodologies and Team Software Process (TSPPan
sonal Software Process (PSP). TSP is aimed to bugdbject
team with different roles to develop software ifiware devel-
opment companies large or PSP where the whole a@veint
process lies with one person and therefore diffisaftware
development issues is enriched effective teachihgcational
content.

For this and as a result of applying the logicathudological
process of Figure 1, Figure 2 shows the scheme BE&®iod-
ology consists of five phases and seven subphases.

Fig. 2. ESRI development methodology under the rmehef model
evolutionary processes.

In accordance with section 5 of the methodologygFe 1),
following the methodology described formally ESRitailing

each of the phases and subphases inside themhaiadtivities
necessary to carry it out and the products thaganerated . It
is clear that the general diagrams of activitidkofo the nota-
tion of Process Change Method Guidance ResourseSiie
(Software Engineering Institute) which provides eaqgtical

guide to determine the current state of the proardsits activi-
ties [13].

For the development of educational software untler ESRI
methodology are required at least four rol&sam Leader,

Team Development, Professor of the area and gpedagogue.

Phase 1. Analysis.
In this first phase are detected educational prob)epossible
solutions are proposed and analyzed in detail llaeacteristics
of the users. It consists of the subphases 1.1anhd

Subphase 1.1. Analysis of educational needgs in
consulting various sources of information to idgnéducation-
al problems that are occurring and propose alteablutions
that include software development, you must als&emeear
the role to play the computer, characterizing thiéwsare, also
must define the target population to which thevsafe will
consider the pedagogical principles applicable he tatter
should make an analysis of the teaching-learninucess is
implemented in the classroom and on this basicteieteach-
ing techniques, learning tools, educational modats,to use in
software development. Based on the above defing@isytype,
users and creating the development plan, Figurbodvs the
general diagram of activities subphase 1.1.

Subphase 1.2. Analysis userss to get to know the
characteristics of users to create a profile (@aglkage, gender,

computer experience, skills, interests, etc.) Amalstto design
and develop software according their needs andfgpebarac-
teristics also need to know their educational attaréstics
(such as grade level, learning styles, prior kndgée school
environment, etc.) for adapting educational conéebrding to
their current knowledge and at the school leve theet. Figure
4 shows the diagram of operations.

Phase 2. Requirements Specification.

This phase is intended to translate the formalirements of
the software before being designed and built byrilgiag the
software, specifying functional requirements, nonetional
and software constraints. The importance of thiasphlies in
assisting the team leader and the development teabetter
understand the problem whose solution will work sad make
clear the result they expect. Figure 5 shows tlegrdim of
operations for this phase.
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Fig. 3. General diagram of activities subphase 1.1.

Phase 3. Design.
This phase consists of designing the software oeetlevels:
Educational design, Computational design and latertesign.
Subphase 3.1. Educational desingat this stage
should be set content to teach and attend eduehtimed that
software for each pose content learning objectinestjvation
mechanisms to generate interest in the studentsegisuse the
software because otherwise find it useful motivatod hardly
reach the learning objectives also should raisehar@sms to



evaluate the learning gained by the students amadtiatively
determine the level of achievement for each legrmbjective
raised. See Figure 6.

Team Leader
Professor in the area
Pedagogue

T—

1.21

Identify primary (PU) and
secondary (SU) users

!

Set general
characteristics of PU

v

Set educational
characteristics of PU

v

1.2.4 User profile

1.2.2

]

123

et general

characteristics of SU —PD

Fig. 4 General diagram of activities subphase 1.2.
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Subphase 3.2. Computational Designfocus on
modeling the system's internal structure, ESRI meoends
using UML as a standard language for expressingeheire-
ments specification and software architecture itarguage
understandable and unambiguous. UML provides sktgras
of diagrams in grouped structure diagrams, behadi@grams
and interaction, but the methodology suggests E&fRform
computational design with at least one group ofjdiens being
the highest priority, according to Ambler, cited[i4], the class
diagram (Structure), Sequence Diagram (Interactemmj the
use case diagram or Activity (Behaviour), theseghtypes of
UML diagrams and relational database diagrams espoged
as minimum that should be used to model the indigren
educational software features, however it is tispaasibility of
the development team incorporated many diagramsnslee
necessary to uniquely capture software. Figure gwshthe
general diagram of activities for the subphase 3.2.

Team Leader
Professor in the area
Pedagogue

i

Solution proposal

Pedagogical and didactic principles 311

—

Specify contents to teach

!

312

Propose learning objetives

v

Propose evaluation
mechanisms

313

‘ Educational design

Fig. 6 General diagram of activities subphase 3.1.

314

Propose motivation
mechanisms

Team Leader
Development Team

F—

Model using Use Case or
Activity Diagrams

Requirements specification 322

Model using Class Diagram

* c ional design
Requirements specification 323 |
Model using Sequence

]
Diagram

Fig. 7 General diagram of activities subphase 3.2.

Requirements specification

!

Subphase 3.3. Interface desigrihis phase is concen-
trated on the area to which the user communicaiés tive
software, emphasizing how the content will be pmess, its
deployment and organization by the screen, thesgegifying
the input and output devices of which will use #aftware,
interfaces are designed to apply usability prirespthe content
is organized and finally verifies the design atthtee levels to
detect and correct inconsistencies. Figure 8 shbwsyeneral
diagram of this subphase activities.

Phase 4. Development.

Is to continue the design phase and implementystes using
a programming language, supplemented by a seri¢ssts to
ensure that the modules are functional; Once thgess going
to have all the modules tested both individually @mtegrated
and functional version of the system at the codel)dogical
structure and compatibility between modules. Itsists of the
subphases 4.1 and 4.2.

Subphase 4.1. Module implementationit is to code
each of the modules that were designed in previhiases, to
do this, we selected the programming language aher @p-
propriate technology tools for the implementatidreach mod-
ule designed. Figure 9 shows the general diagraacifities
for this subphase.

Subphase 4.2. Unit testing and integrationit is to
test modules one by one the previous phase schitttutest its
functionality, performance and coupling testingp#érformed
white box testing and integration testing, durihg process of



writing the maintenance manual. Figure 10 showsgéreral
diagram of activities for this subphase.
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Fig. 8 General diagram of activities subphase 3.3.

Phase 5. Evaluation.

In the later phases it was possible to have theutesddevel-
oped and tested, however, since is incorporatedthe devel-
opment methodology an interaction component, itésessary
do interface test to increment the user-systenranot®n and
check that the system developed adapt to user atbasdics;

this is achieved by black box testing and usabilist at the
same time be implement the improvements detecteddh test.
Figure 11 shows the general diagram of activitbedHis phase.
To conclude the phase 5, an evaluation is obtathedfirst

stable version of the software and her documemtasio it can
be released for end users.

The SERI methodology currently is implementing ®velop

bilingual educational software for teaching-leaghiof indige-
nous language Cuicateca as a strategy for presgsrvanhd
dissemination of the original languages through The's. At

the moment have been applied the Analysis, Regein&n
specification and part of Design phases and has bbkserved
that the proper application of the methodology gaide the
development of the project without ambiguities afféctively.

5.CONCLUSIONS

Since educational software is shaping up to bellar @f the
modern education system, must be built under ofwswé
development methodologies that incorporate thenieahcom-
ponents of software development, the didactic amdractive
part. This was achieved by merging the ISE and W&hod-
ology for obtain the SERI methodology that respotmishe
demands of the development of educational software.

With the SERI methodology composed of five phasedeu a
scheme of evolutionary processes, it is expectedewelop
educational software in an organized way, docundeatel that
respond to emerging needs of users and changekigateonal
environment, developed under the formal modelinfinsoe
guidelines and above all encouraging greater usses inter-
action, hoping that the content taught by softwedfectively be
learned by students.
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Fig. 9 General diagram of activities subphase 4.1.

Fig. 10 General diagram of activities subphase 4.2.
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6.FUTURE WORK
As future work, we will continue with the implematibn of the
remaining phases of the ESRI methodology, to prther
effectiveness in developing bilingual educatiorwdtware in the
teaching and learning of indigenous language Cedzat
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