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This paper presents the design and implementation of a web platform for
student tracking and notification using SMS and email (at a school called
Instituto San Francisco (Bogotd,Colombia). Firstly, the document addres-
ses the needs of the school, which represent the main concern for this
academic web platform. Subsequently, this paper shows the analysis of te-
chnologies and describes the design of the platform based on the require-
ments of the institution. Additionally, the web platform performance analy-
sis and testing results are included. Finally, results of implementing the
academic web platform at Instituto San Francisco are provided together
with the conclusions and recommendations drawn at the end of the project.
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1. Introduction

The educational process of young students
requires, as a fundamental element, the pre-
sence of the family, which, in the locality of
Ciudad Bolivar, commonly consists of unma-
rried women or other family members (gran-

dol8@hotmail.com

dparents, uncles, brothers or sisters) [1]. In
this context, educational institutions are be-
coming the main entity in charge of providing
formation for this young people. Thus, educa-
tional institutions are facing new challenges
associated to facilitating community interac-
tion and so ensure permanent support for pa-
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rents and teachers, pursuing the growth and
development of children at Ciudad Bolivar.

In order to cope with this situation, the pre-
sent project is aimed at promoting strategies
that allow improving the quality of education,
especially for young people (attending school)
in Ciudad Bolivar. The core of the project is
based on the use of ICT to facilitate the lear-
ning process and provide tracking informa-
tion about youngsters.

The web platform, implemented at San Fran-
cisco School, allows tracking the educational
process of students and its main objective is
to promote the participation of parents and
teachers in this educational process. Thus, the
platform is intended to reduce the probability
of young people getting involved in the intri-
cate social problems that affect Ciudad Bolivar.

At this moment, these problems are growing,
thus it is pertinent to introduce new technolo-
gical solutions that help to overcome the diffi-
culties that an educational institution may face
in the educational process of young people.

Nowadays, software development projects
intended to be applied in a LAN (Local Area
Network) environment allow automating ad-
ministrative, academic and management pro-
cesses. The objective of the present software
application is to manage internal processes
and facilitate the communication between
parents, students, teachers and staff. There
are available options such as DocCF - student
management software [2] — which consists of
modules such as: student management, tea-
cher management, grade management, finan-
cial management and library management.

SIGA (Integrated System for Academic Ma-

nagement) [3] is another option of educatio-
nal software available; it uses specific modu-
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les for tracking students, teachers, schedules,
inventory and access control.

Other solutions include implementation of
academic management in a public infras-
tructure through services like hosting, faci-
litating the access to an automatic tool that
integrates the whole academic community.
There are tools with this characteristics, like
WPCA (Web for schools) [4], which consist
of a management and communication service
designed for academic institutions; where the
students, teachers and parents can interact to
achieve a better academic performance.

There is another tool, called Clickedu [5],
which is oriented to educational institutions.
This tool combines the organizational school
tasks in an environment intended for the lear-
ning of ICT from the school.

2. Analysis of Communication Needs

The platform design is oriented to an analysis
of needs at the school, where communication
problems between parents and the local com-
munity in general were detected. This analysis
used several tools such as interviews to school
staff and surveys to the academic community.

As a result of this analysis, the following pro-
blems and limitations were found:

e Effective communication media, like mo-
bile phone calls, have a high cost due to
inter-operator rates in cellular services.

* The institution does not have a web site or
electronic media to report to the academic
community about its educational offers,
activities, etc.

* The parents have little contact with techno-
logy, because some people do not have ac-
cess to the Internet or to a computer. Thus,
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some of them prefer to receive notification
about their children’s process via SMS.

* The academic community acknowledges
that a web platform does not substitute
the basic communication media, but it
can be a supporting tool for people with
time constraints.

3. Platform Design

For the web platform design it is necessary to
analyze the different choices in terms of availa-
ble technology for content management, data-
bases, and data-management web applications
that may handle multiplatform languages such
as PHP or SQL [6]; thus the most adequate op-
tion can be selected according to the platform
requirements and the initial design.

A technology analysis and evaluation over the
available tools is performed. To this end, seve-
ral aspects were considered, e.g. easy-to-use
and easy-to-manage features, costs, potential
providers (vendors), the position in the mar-
ket, technical support, and compliance with
the objectives and requirements of the institu-
tion. Table 1 shows the quantitative/qualitative
values used to qualify the technologies:

Table 1. Technology Qualification

Yes, low, Possible, Excellent 3

Medium 2
No, High, Nof possible, Poor ]

Source: own elaboration

For the web page type selection, Table 2 in-
dicates the parameters that were evaluated:

Table 2. Web page design qualification

Confent updates, graphic design, easefo-manage, access speed Yes No
Easyto-use Yes Yes
Personalized professional design Possible Not Possible
Better inferaction between user and web interface Excellent Poor
Cost Low High
Functionalities (databases, forums, contents) Yes No
Open-source software Yes No
Predesigned solutions Yes No

Source: own elaboration

The evaluation results performed over the
web page design are presented Table 3, whe-

re it is suggested that the best option to be
implemented is the dynamic web page.

Table 3. Web page design evaluation

Confent updates, graphic design, ease to management, access speed

Easyto-use

Personalized professional design

Better interaction between user and web inferface

WlWw|lw|w
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Costs 3 1
Functionalities (databases, forums, contents) 3 1
Open-source software 3 1
Predesigned solutions 3 1
Evaluation Total 24 10

Source: own elaboration

The same methodology is used for all compo-
nents involved in the web site development

[7]. Regarding content management, the pa-
rameters listed in Table 4 were evaluated:

Table 4. Content manager evaluation

Free of charge 3

Open-source code 3

Security

e-mail verification 3 3

Login history 1 3

Session management 1 3 3
Functionality and design

General [porfal, magazine or sfore) 3 3 3
Development level 2 3 1

Technical architecture 2 3 3
Market share 1 3 2
Download speed 2 3 1

Evaluation total 21 30 25

Source: own elaboration

For LMS (Learning Management System)
evaluation, the criteria to be evaluated inclu-
ded (among other aspects) security, easy-to-

use features and added functionalities, the
resuls of this evaluation can be observed in
Table 5:

Table 5. LMS Evaluation

Cost

Open-source code

Security

e-mail verification

Login history

Session management

Design and functionalities
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ELECTRONIC Weblooks , 1 ;
[tasks, forums, wiki, surveys, efc.)
Easytouse 2 2 3
Market share ] 2 3
Email reporting 3 3 3
Plugins
SMS module 1 3 3
Evaluation fotal 24 26 30
Source: own elaboration
The selection of the SMS sending method [8] nology to address the needs of Instituto San
focuses on selecting the most suitable tech- Francisco. This evaluation is listed in Table 6:
Table 6. SMS sending method evaluation
Costs 2 3 3 ]
Vendor availability 2 3 3 2
Easy-touse 3 2 3 3
Configuration complexity 3 2 2 3
PHP/HTML application compatibility 1 3 3 1
Moodle integration 1 1 3 ]
Hardware adquisition requirements 3 3 3 1
Maintenance 3 3 3 1
Evaluation Total 18 20 23 13
Source: own elaboration
As aresult of the evaluation of all components, Table 7 summarizes the selected technologies:
Table 7. Web platform technology design analysis
Dynamic Web X
Web Page éfoﬂc Web
CMS Drupal 6.10
(Confent Management System) Joomla 1.5.22 X
Plone 3.0
Atutor 1.5.3.3 pl1
[L(\;\Srning Management Sysfem| éc?rolirfe ?27
Moodle 1.9 X
Web page
SMS sending method ntegrated Emai
SMS Gateway X
Software /Cell Phone

Source: own elaboration
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For the infrastructure dimensioning intended to
support the platform, the selected technologies
were analyzed considering their requirements
and the expected users. Regarding this informa-
tion it was suggested that the web application

should be deployed over a server in a sharing
hosting fashion. The hosting features include
the software versions presented in Table 8,
which can support all the functionalities of the
web application:

Table 8. Web application software

Management application cPanel 11.28.83

Web server Apache 2.2.14

Database server MySQL 5.0.84-percona-highperfb18-log
PHP version 5.2.14

loomla 1.5.22

Moodle 1.9

Source: own elaboration

In the application development the use diagrams
are defined according to the user roles that in-
teract with the application [9], namely parents,
teachers, students and a web administrator. The
diagrams define operations on the application,
such as student tracking with Mentees profile
and the use of an SMS communication module.

The use diagram defined in Table 9 and Figure 1
refers to the functionality of academic tracking
performed by parents.

The second use diagram is defined in Table 10
and Figure 2. This diagram illustrates an SMS
sending functionality.

Table 9. Module Mentees use diagram description

Student Name:

Student fracking by module Mentees tufors

Date: | 23/02/2011

Description:

Perform tracking by tutor or parents to the student

Actors:

User logged in using parent profile

Preconditions:

The administrator previously related the student profile with parent

Normal flow:

1. login in the application using the parent profile

3. Click on the student link to access the
related information

2. The actor locates the module on the right, named Tutor, and the link appears there with the student's name

4. Access a new page with activities, messages, forums, grading.

Alternate Flow:

be allowed by the administrator

5. logging in as parent user, nofice that there is no futor or more than one assigned, this configuration must

Source: own elaboration
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VISION Figure 1. Use Diagram: Mentees Module

-Usua ria
I oodle
Blogy ue Mentess | Tutar
- App YViua lea Estud o nte Aneso
L . 1 - Oetividad es
suario - Mensajes
(Padre) h - Faras
- Calificaciones
I
1
1 ot Excten dge
!
-Usuarie -Lpp
Configurmc b n Boque Mentess
Rebiciona Padree Hjos
Usuario
idministrador)

Source: own elaboration

Table 10. SMS /e-mail communication use diagram Description

Name: SMS/e-mail communications
Date: |23/02/2011
Description:

SMS and/or email sending communicating news or evenfs

Actors:

Users with administrator privileges {administrafor, teacher)

Preconditions:

Keep an active account with the SMS provider

Normal flow:

1. Llocate module for SMS sending and internal email

2. To send a SMS, click on Enviar, then choose the destination users

and finally fill in the message body

3.Click on Enviar to send the SMS

4. To send an email, click on Bandeja de entrada, write the message body, then choose the desfination
users, fill in the Subject and body fields

5. Click on Enviar to send email

Alternative Flow:

5. If the user fails to enfers a phone number field, he/she would not be allowed to send the SMS

Source: own elaboration
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3.1 Web page composition T2 the Internet. From this web site, is possible A CASE-STUDY
to access email accounts and the Moodle aca-

. . o demic management platform [10]. The featu-
to be designed. This web site is to be taken as res of the web page are detailed in Figure 3

the presentation image of the institution on and Table 11:

Initially, Instituto San Francisco’s web page is

Figure 2. Use Diagram: SMS/e-mail communications

Moodle

Ff2 -Ful Tin 4Fif 5 -Find
Acceder Ekgi Usuarisa Crear SMS
BaqueEnviode SHS Emar Cuerpa

.| fdmingtacin del

Bbque Al

Fml?

] Envio Exitoza de
Usuario Comungacn
{Administrador,

Profesor)

Usuarios
Receptores

- Figz -7 -Finll
5 i Crear SMS
F—— EegiUnarian | | el

BbgueCarrea Intema Emar . Adjuam

s

hal

=] Adminktracan del
ccBrte s Blque

Source: own elaboration

Figure 3. Web site header — Joomla

. Instituto San Francisco Gt | Coiritactanos Suscar a,
S U prorote do coldad do. vida

4 Inicio - Nuestra Institucion

Bienwvenido a Instituto San Francisco

Bienvenidos a la pagina web del institute san francisco que >
tiene como misidn proveer los servicios y 1a infraestructura
de informacion o los estudiantes, padres de familia,

profesores y directivos del Colegio para contribuir s que =|

funcionamients de éste sea més eficiente

Source: own elaboration

Table 11. Web page header-Joomla Description

No. | Element Description

] General logo Instituto San Francisco JPG image logo

2 Gallery Link to school photo gallery

3 Search engine Search for contents inside the web page

4 Main Menu Drop-down menu listing hyperlinks

5 Slide Show Component that slides images within a 30 sec interval, between transitions
it shows articles related to sliding images

6 Message of the day module | Information module regarding the academic community [shown at random)

Source: own elaboration
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CLECTRONIC The web page body includes the features mentioned in Figure 4 and Table 12:
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Figure 4. Web page body-Joomla

- INGRESO A LA PLATAFORMA DE GESTION
W5 ESTUDIANTES GRADO 11

Ingreso a la plataforma de gestion estudiantes Grado 11

Missstra institosion

Admigionas

Equipo

Gestion

Comen

PLATAFORMA DE GESTION INSITUTO SAN
FRANCISCO

Para ingresar a |a plataforma de gestidn Online

Links Informativos Links Externos EDUCACTON REDES SOCIALES

= Compartir

fEBTW@

Copyright & 2011 Insteun San Francisco. Todos bos ceracnos resen@oos. Designed by Joomidst com Poiftiees o2 Prigeiian  Terminos y Condiolones
P cTesco por Joomita! Spanish 2010 - FEtmciaco por W Empresa

Source: own elaboration

Table 12. Web page body-Joomla Description

No. | Element Description

7 Articles Reserved space in the web page fo publish articles or school information
Main Menu located in the web po%e body, it is the same menu that is

8 Menu located in the header, but without the hyperlinks, showing all the infor
mation

% Management bution | Button linked to the academic management platform

10 Information menu Educational information, related links

Source: own elaboration

3.2. Moodle Platform Composition components regarding user profiles [11].
The second part of the platform is defined For a teacher profile, access is provided to
as the management tool (Moodle). The fo- different modules as explained in Figure 5
llowing provides explanations of the main and Table 13:
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Figure 5. Moodle dashboard for a teacher profile

i i Usted se ha autentificado como prueba profesor (Salir
Instituto San Francisco ol eosns (Sl
Espafiol- Intemacional (es) ~
T [Calendario =
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Instituto San Francisco < abril 2011 >
Carrera 21 No. 66-42 Sur Suscibirse a este fro = =
7155120-7155128 Dom Lun Mar Mié Jue Vie Sab
info@institutosanfrancisco.org ‘Segundo Periodo Academico L2
Institutosanfrancisco.org de Webmaster Instituto San Francisco - domingo. 10 de abril de 2011, 18:37 CERCER N
Atoda la comunidad académica se les recuerda que desde el dia de mafiana 11 de Abril empieza el Segundo 213 14 180
Mend principal = Periodo Académico 19 20 21 2 2
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© Docentes
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de Webmaster Instituto San Francisco - sabado, 9 de abril de 2011, 11:65 Usuarios en linea 5
1 Mis cursos =
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£ Pruebat101 Bienvenido a este nuevo afio escolar, este es el cronograma para el 2011 * prucba prafesor
Todos los cursos Webmster Instuto San Franciscos) 3
o | s | ACTIVIDAD | s | ACTIVIDAD
Actividades E LD JULIO) Correo interno 5
B [Fan
© Bases de datos G I e Tiductn s apaacin: dces W ke et

No hay mensajes nuevos
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g 3| Febrero | Reuiba de padces de il ico T (Quinto, Sextoy XGOS
ik sipime) Horario de Atencion Docentes
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2

Source: own elaboration

Figure 6. Moodle dashboard for a parent profile

Instituto San Francisco

Usted se ha autentificado como prueba acudiente (Salir)
Espafiol - Intemacional (es) +

i [Calendari B
Nuestra Institucion Novedades alendario ) E]
Instituto San Francisco - abril 2011 >
Garrera 21 No. 66-42 Sur Suscribirse a este for

7165120-7155128 Dom Lun Mar Mié Jue Vie Sab

org Periodo 12
Institutosanirancisco.org de Webmaster Instituto San Francisco - domingo, 10 de abril de 2011, 18:37 4 5 6 7 8 9
112 13 14 15 16

Atoda la comunidad académica se les recuerda que desde el dia de mafiana 11 de Abril empieza el Segundo

Mend principal 5] Periodo Académico LA C D e e e o)
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© Docentes
1 | Novedades I Cronograma Actividades 2011
de Webmaster Instituto San Francisco - sdbado, 9 de abril de 2011, 11:55 Usuarios en linea [
Mis cursos =]
Instituto San Francisco Bienvenido a este nuevo afio escolar, este es el cronograma para el 2011 Correo interno [E]
Todos los cursos ..
oia | Ams | ACTIVIDAD | Ags | ACTIVIDAD No hay mensajes nuevos
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|9 Foros 24 | Enero |tuiio sctividades o 2011 Academica 6 | Jubo |izada de bandera  cargo de grado séptimos .
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Mensajes ) T T Febrer [Revion e a6 s i P primere PR g Horario de Atencion Docentes
- sequndos)
Mo hay mensajes en espera 2 Febrero | Reunion de padees d¢ famila ciclo 1 (Terceros y Cuzrtos) [Escuela Abiert
Mensajes._ 3 Febrero | Reunion de padres de famaba ciclo 11 (Quinto, Sexto y AGOSTO
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§ | Febrero _|Reunion de padres de fami cclo
MARZO
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18 | Marzo |Lzada de Bandera celebracion del &a del hombre y l mjer I 15 |Stpmun|!m Tzada de bandera, celebracion de amor y amistad quintos y cuariod]

De 6:30am - 10:302m. Grados Decimos * prueba estudiante

234 <

2 3

Source: own elaboration

By logging in as a parent, access is gran- track the activities of a student. The fea-
ted to a specific module called Tutor. tures of this profile are shown in Figure 6
Through this module it is possible to and Table 14:
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Table 13. Moodle dashboard for teacher profile description

Are divided in:
Our institution Here, basic information about the school can be found
From this menu it is possible to explore the currently assigned
My courses courses
Teacher o From this menu it is possible to check the current activities in
1 Main Menu | Activities which the teacher is involved, e.g. forum posting, efc.
Here, all the messages sent by other users using this tool are
shown
Messages
Here, all the information intended for the academic community
5 Central News and posted by the administrator is shown
Menu
Forum search Menu | Search for forum using any word
This menu works as a calendar to setup personal or group
Next Events Menu events
Internal email From this module, teachers can send emails to other users
3 Ohers This menu shows all the updates since the last time the user
Recent Activity Menu | logged in the tool
It offers many visualization options, so the teacher can config-
Site browsing ure them when activating the page edition mode

Source: own elaboration

Table 14. Moodle dashboard for parent profile description

3 Other

Are divided in:

From this module the teacher can send emails to other
Internal email users
Tutor From this module, the parents can access the student’s

profile

Teacher schedule

From this module the parents can check the teachers

schedule and shift availability

Source: own elaboration

When logging in as a student (student
profile), access is granted to all modules
mentioned in the teacher and parent pro-
file, but with different privileges. Under

this profile it is possible to perform all
the activities that the teachers publish in
their courses, as shown in Figure 7 and
Table 15:

Universidad Distrital Francisco José de Caldas - Technological Faculty
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Figure 7. Moodle Dashborad for student profile iion

Usted se ha autentificado como prueba estudiante (Salir

Prueba1101

InstitutoSanFrancisco Pruebai1101

Personas - n [ovedades =
Diagrama de temas
H Participantes (Sin novedades atn)
e Novedades
Actividades B | Eventos proximos B
e Foros 1 BnClasificacion de LMS O | | Que es LMS
B3 Lecciones domingo, 17 abri
i Tareas 2 O
i Que es LMS Ir al calendario...
Nuevo evento__.
Buscar en los foros + 3 O
Administracién E 4 O Actividad reciente E
Calificaciones Actividad desde domingo, 10
4 Perfil 5 (] de abril de 2011, 18:00
Informe completo de la
Mis cursos = O actividad reciente..
% Prueba1101 2 Actualizaciones de
Todos los cursos ... e
—
Agregado Leccion:
Clasificacion de LMS
1 Agregado Tarea®
Que es LMS
Usted se ha autentificado como prueba estudiante (Salir)
Pagina Principal O
3

Source: own elaboration

Table 15. Moodle Dashborad for student profile description

Are divided in :
P From this menu it is possible fo view all the course partici-
eop|e pants
) L rom this menu it is possible fo check the current activities in
] Main Menu Activifies hich the student is involved, e.g. forum posting, etc
M From this menu it is possible fo explore the current courses to
y courses .
be taken [or being taken)
. From this menu the student can check the grading status of
Administration
the course
The course program is shown by area or by week calendar,
2 Central Menu | Summary the student may enter and perform the programmed tasks
Next Events Menu This menu works as a calendar fo setup personal or group
3 Others P — .
. . It offers many visualization opfions, so the student can con-
Site browsing : - o
figure them when activating the page edition mode

Source: own elaboration

PHP code integration was found in Colom-
bia. A provider with that characteristic was
located in Spain. This provider facilitates the
integration with Moodle, for that reason, Di-
nalhosting was selected as the SMS gateway

3.3. Communication Module
Both the Short Message Service (SMS) and
the electronic mail notification sending sys-

tem make use of a module called Sending
SMS Block, developed by Moodle. In order to

use this module, an SMS Gateway provider
[12] is required. However, no provider with

Elecironic Vision - year 7 number 1 pp. 82 - 102 january -june of 2014
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WISI@)  Figure 8. SMS sending module

Credito disponible: 47 SM5's

Texto del SMS:

El estudiante prueka pkueba

llego 1 hora tarde

Caracteres restantes: 114

Usuarios seleccionados:

Prueba Prueba (573014486322)

Source: own elaboration

4. Web application
performance analysis

The performance analysis for the web appli-
cation to be used at Instituto San Francisco
is intended to identify bottlenecks in the sys-
tem, establish a baseline for future tests and
identify whether the hardware infrastructure
meets the requirements of the school.

For Instituto San Francisco, web application
analysis entailed the following activities [13]:

e Activitiy 1. Test environment identification
The application is still under evaluation and
there is no need to build a testing environ-
ment. Additionally, it appears not to be con-
venient to invest in a testing environment
because some extra costs would be implied.
Thus, since the platform is not productive at
the moment, and disruption in the service is
not critical yet, the testing environment is the
same as the production environment.

e Activity 2. Identification of performance
acceptance criteria

The identification of performance acceptance
criteria of the web application for Instituto
San Francisco is oriented toward validating
the following aspects:

* Project vision

e System purpose

» User expectations

Regarding these aspects, and according to the
staff at Instituto San Francisco, the acceptan-
ce criteria for the web application performan-
ce tests are already defined (see Table 16).

e Activity 3. Test design and planning

Within this activity, the metrics to be evalua-
ted are defined in order to design a group of
tests that allow quantifying the required in-
formation. In this case, the following metrics
are defined: Number of visits per time period
and web page time response.
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Table 16. Performance acceptance test criteria of ISF application

RESPONSE TIME VALUE
Web page fime response 30 sec
File download time response 15 sec
Login info the management module, fime response 30 sec
Browsing the management module, fime response 20 sec
THROUGHPUT

Number of concurrent users in the web page 200
Number or concurrent users of Moodle 150
HARDWARE UTILIZATION

CPU usage 80%
Available memory 30%

Source: own elaboration

Table 17. Web application Performance analysis tools

i Tool for load tfesting and | OS. GNU/Linux, AX, BSD, | Free with registry to the develop-
°ge benchmarking HP-UX and Solaris er web site

Tool for functional festing,

Apache JMETER | load and  performance | Supported in any OS Open Source Software
meqsure

OpenSTA Tool for load testing Designed for OS Windows | Open Source Software

WAPT Tool for load festing and Designed for OS Windows Must be acquired through o
stress third-party vendor Soflogica

Source: own elaboration

Within this activity, a selection of tools that
allow the execution of the previously defined
test plan was also carried out; in this case
several options for performance tools were
analyzed (see Table 17). Thus, the different
features to determine the option that complies
with the expectations and also with the main
objectives of the test plan were validated.

The results of the tool analysis suggested Apa-
che JMETER [14] as the most appropriate tool
for testing and monitoring tasks over Apache
web servers, mainly because it is specifically
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designed for applications installed over Apache
servers; besides, this tool has many features
and functionalities, offers compatibility with
any Operating system and is Open-source.

Activity 4. Test Design Implementation

Three different types of tests were performed
using Instituto San Francisco web application;
within the tests, the following sub-activities
took place:

e Baseline: consists in the execution of a
group of tests that allow capturing per-
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formance metrics in order to evaluate the
effectiveness and current state of the web
application. This data is basic to perform
future tests and/or conduct additional per-
formance analysis.

* Performance tests: these tests validate
the speed, scalability and stability of an
application. Within the performance tests
there are two sub-categories:

e Work Load tests: these tests focus on
determining performance statistics as
well as features of a particular application
when experiencing a work load that is si-
milar to the normal load to be applied in
the actual production environment.

» Stress tests: these tests focus on va-
lidating performance statistics and
features of an application when expe-
rimenting work load conditions beyond
the normal load. In this scenario, the
test was performed with the same
conditions as in the baseline test, but
using 400 concurrent users instead.

In accordance with the context of Instituto
San Francisco, the web application is to be
designed for an expected rate of 200 concu-
rrent users in normal conditions. Thus, the
performance tests used a user rate with sam-
ples ranging from 60 and 120 up to 200 con-
current users.

Activity 5. Testing Execution

The tests are conducted over the web page,
the Moodle module and the web mail module,
following tests design specifications.

Activity 6. Analysis and Results Report

The results obtained in the baseline test pro-
vide evidence to state that the actual perfor-

v YULY JAZMIN OVIEDO - KAREN LORENA ESPITIA - LUIS FERNANDO PEDRAZA

mance of the web application remains within
the expected values, good response times are
obtained in the range of 0.27s to 2.3s, and a
moderate usage of critical resources is main-
tained (e.g. 40% memory and 2% CPU usa-
ge). This information provides an idea of the
functionality of the platform and its resources
under a normal operation conditions.

The results of the work-load tests are shown
in Figure 9. Figure 9 is a report extracted di-
rectly from the JMETER tool. These tests
were performed with a range of 60 to 200
users. The report offers a record of the in-
crements in the response time of the web
application, where the tendency shows that
the ”School vision” hyperlink is the item with
the largest delay in the application.

Regarding the server memory resource,
clear progressive incremental usage can be
observed. The records always show conside-
rable memory usage when compared to CPU
usage. The response times and performance
indicators lie within the optimal operation
range and still attain the web-application de-
sign objectives.

= Stress testing

Stress testing is performed with twice as
many users as those in the latter work-load
test. The objective is to verify the behavior of
the web application under an amount of users
that exceeds the designed capacity.

The results of stress testing, running simula-
tions with 400 concurrent users, provide evi-
dence to suggest that errors begin to appear
in some samples (report shown in Figure 10);
additionally, the response time also increases
notoriously, in the range of 0.7s to 10.8s. When
verifying the behavior of performance varia-
bles such as memory and CPU usage, there
is evidence of sporadic peaks in CPU usage
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whereas memory usage exceeds the design
threshold, reaching peak values of 90% usage.

Therefore, if Instituto San Francisco expects
to grow in the number of users, web-adminis-
trators must be aware that the web application
can handle up to 350 concurrent users without
errors; otherwise the web application will not
be able to offer optimal and quality service, fai-
ling to follow the defined design parameters.

5. Traffic Analysis for SMS
sending from Moodle

The size in KB of the web page in Moodle is
calculated each time that the SMS sending

option is used. With the Apache JMETER
tool, a value of 44.799 KB is obtained.

The web hosting where Instituto San Francis-
co stores the web application has an internet
connection of 2Mbps.

For the traffic analysis [15], the parameters
listed in Table 18 were considered:

Table 18. Traffic analysis parameters

Size of the web page when confi- 44.799 KB

gured 1o be senf using SMS

S . ; 2000 KB
erver internet connection speed

Source: own elaboration

Figure 10. Test of work load with 200 users, results report
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ELECT\[}%%% Figure 10. Stress testing, results report
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With this information, the capacity in terms of
network elements is calculated (1):

_ 2000KB

= =44.64
44.799KB

€y
This value is approximated to the next inte-
ger value: N =45

In addition, the system is designed with a
Grade of service of GoS = 99%, and with a
lockout probability of the system PB = 1% =
0.01. This information is useful to determine
the system traffic using Erlang B table:

For N = 45 and PB = 0.01, A is the system
traffic (2):

A=25.08Erlangs )

In order to know the traffic that passes
through the system Ac (3), it is necessary to
multiply the system traffic by system’s grade
of service:

Ac=AxGoS =25.08x0.99 =24 .82 Erlangs
©)

The system is designed to support moderate
traffic by user (Au), namely 0.07 Erlang ap-
proximately.

U represents the number of users, and is cal-
culated in (4):

U :ﬁ _ 24.82Erlangs

= =354,57 ~ 355
Au  T0mErlangs

4)
According to the capacity of the web applica-

tion designed for Instituto San Francisco to
send SMS, it is possible to support up to 355

Universidad Distrital Francisco José de Caldas - Technological Faculty



DESIGN AND IMPLEMENTATION OF A WEB PLATFORM FOR STUDENT TRACKING AND NOTIFICATION USING SMS AND E-MAIL

simultaneous users sending messages, which
guarantees a grade of service of 99%

6. Traffic Analysis for SMS
transmissions in the GRPS network

For sending SMS, the data network wherein
the server (Instituto San Francisco’s server)
1s interacting with the SMS gateway is not
enough. Additionally, these messages need
to pass through the mobile operator, usually a
GPRS network. To this end, it is necessary to
carry out the analysis of the maximum num-
ber of messages sent through the GPRS net-
work by the web application.

If the GPRS network allows transmission
speeds from 21.7 up to 171.2 kbps using CS-4
coding, boundary values are to be analyzed
(minimum and maximum)

Using the minimum transmission speed of
21.4 kbps, a VTx transference speed (5) can
be calculated:

_ 21.4kbps x1byte
8bits

If the data to be sent is equal to 44.799 KB,
then the transmission time Ttx (6) is:

VTx =2675bytes /s (O)

Ty = 44.799Kbytes x 1s

=16.74s
2675bytes ©)

For the traffic analysis, 51 messages were
taken in 15-minute intervals to calculate A,
1.e. the arrival rate (7):

) 15min
A =0,05666mensajes / s
The service rate u (8) was calculated based

on the knowledge of the value of Ts, i.e. sys-
tem time:
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1
M= ®

w1 =0,0597mensajes / s

The utilization factor defined as p (9), is ex-
pressed in percentage terms in (10)

A
p=— ©)
U
p% = p x100 (10)
p=94,91%

With this value, it is possible to define Ls (11)
as the number of expected users in the system:
A

Ls=|—"—
A-u

(1D

Ls =18,25 ~19messages

Lq (12) is defined as the expected number of
users in queue:

12
Lg=—2" 12
1 ux(u—2) 12)

Lqg =17.30 = 18messages

Ws (13) is defined as the time spent using the
system:

1
Ws=—
=7 (13)

Ws =322.58s

Wq (14) is defined as the waiting time for
users in the queue:

A
= 14
1 ux(p—=2) (14)
Wq =312.19s
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The same analysis is performed for the maximum transmission value of 171.2 kbps. The results
and a comparative chart can be found in Table 19.

Table 19. Traffic analysis parameters

Arrival Rate () 0.05666 sms/s 0.4444 sms/s
Service Rate (p) 0.0597 sms/s 0.4776 sms/s
Utilization Factor (p) Q4.91% 93.05%

No. of expected users in the system (Ls) 19 14

No. of expected users in queue (Lq) 18 13

Time using the system (Ws) 322.58 s 30.12 s
Waiting time for users in queue (Wg] 312.19s 28.026 s
Probability of having O users in system 5.09% 6.95%
Probability of having more than 3 users in system 81.14% 74.96%
Probability of spending more than 60s in system 83.33% 13.64%
Probability of waiting more than ¢0s in queue 79.09% 12.69%

Source: own elaboration

The process of sending SMS consists in
transporting the message through the GPRS
network, using any of the GPRS service pro-
viders. Thus, the traffic analysis was perfor-
med regarding the amount of messages sent
in an interval of 15 minutes, from the web
application according to the section 5 of this
document, and also considering the transmis-
sion speed in this network.

Using the minimum speed of transmission offe-
red by GPRS networks, it is possible to send 51
messages in a time interval of 15 minutes, just
to keep stability within the system. When this
rate is exceeded, some queues arise, causing
waiting times of up to 6 minutes approximately.

Using the maximum speed of transmission
offered by GPRS network, it is possible to
send 400 messages in the same time interval
of 15 minutes. Under these conditions, the
probability of waiting more than 60s in queue
1s reduced, namely the probability is 12.69%,
compared to a probability of 79.09% obtained
with the lower speed.

From the traffic analysis, it is evident that the
transport through the GPRS network results
in longer waiting times whenever the amou-
nt of messages grows. However, it is possi-
ble to send 50 to 400 messages maintaining
a stable system with the transmission speed
limits of the network. Those limits are cons-
tantly changing due external conditions such
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as utilization of network, weather, signal at-
tenuation, etc. In the same way, it is possible
to have waiting times in queue in the range
of 30s to 6 minutes. These waiting times are
within the optimal range, considering the
platform requirements and design.

7. Conclusions

At the end of the project implementation, the
fulfillment of the proposed objectives was
evaluated. The design and implementation
of the web application tool has met the ex-
pectation of Instituto San Francisco, and has
also improved the academic tracking process
of the 11-grade students. This is evident also
in the opinions of the academic community,
which reveal that approximately 80% of the
public agreed that, through the web tool, the
communication process, management and
tracking has improved, and thus the educatio-
nal labor of the school is optimized.

According to the results of staff surveys
performed at Instituto San Francisco, it is
evident that the use of technology has im-
proved the management processes. Besi-
des, communication media such as SMS and
electronic mail have proven to be effective
communication media within the academic
community, and they have facilitated the
participation of parents in the educational
processes of children.

As a result of the web application performance
analysis, it can be concluded that the current
dimensioning of resources is appropriate ac-
cording to the needs, objectives and school ex-
pectations. The application can serve 350 con-
current users with a grade of service of 99%; it
is possible that the platform may serve a larger
amount of concurrent users, but this implies
degradation in the quality of service.
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As more functionality is added to the appli-
cation, and more users are served, it will be
necessary to evaluate hardware and software
resource extensions, thus reducing the impact
of growth on the time response offered to final
users. However, current system dimensioning
is planned to serve twice the number of users
defined in the initial design of the system.
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