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Abstract

An important challenge faced in the design of projects for the Computer
Engineering Integration Activity at the Universidad Autonoma de Tlaxcala is
bringing real-life case studies to the students. One such case is the
implementation of an online store or e-commerce that allows local businesses
to sell products or services online. To this end, a series of quality practices
aligned with the CMMI-Dev 2 model are established. Students must follow
these practices for the development of the online store. This will allow them
to identify real customer needs, plan, propose a design, build the solution, and
conduct testing prior to implementation. By following these stages, the goal is
for students to integrate the knowledge and skills acquired in different subjects, with
the core subjects being those related to Software Engineering, which are
Requirements Engineering and Estimation and Software Design and Modeling.
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Resumen

Un reto importante que se tiene en el planteamiento de proyectos de Actividad
Integradora de Ingenieria en Computacion de la Universidad Auténoma de Tlaxcala
es el acercar casos reales a los estudiantes, siendo uno de ellos la implementacion
de una tienda en linea 0 e-commerce que permita a comercios locales la venta de
productos o servicios en linea. Para esto se establecen una serie de practicas de
calidad alineadas al modelo CMMI-Dev 2, que los estudiantes deben seguir para el
desarrollo de la tienda en linea, lo cual les permitira identificar necesidades de
clientes reales, realizar una planeacion, plantear un diseflo, construir la solucion y
realizar pruebas previo a su implantacion. Al seguir las etapas mencionadas se
busca que los estudiantes integren los conocimientos y habilidades adquiridas en
distintas materias siendo la materia eje las relacionadas con Ingenieria de Software,
que son: Ingenieria de Requerimientos y Estimacion y Diseiio y Modelado de
Software.
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Introduction

The development of online store systems or e-
commerce is no longer only within the reach of
large companies or businesses. As a result of the
COVID-19 contingency, a "pandemic effect"
has emerged, where growth in Latin American
countries in the use of e-commerce since 2020
exceeds that of previous years. [Kung & Katz,
2022], being Mexico one of the fastest growing,
faced with this opportunity, local businesses are
seeking to integrate online sales systems and, in
some cases, inventory control to automate their
sales, increase their reach and improve their
processes.

In this context, the development of an
online sales system is presented as a real need for
local businesses in the state of Tlaxcala. Students
from the Computer Engineering program at the
Autonomous University of Tlaxcala (UATX) can
participate in the analysis of their needs and the
development of a solution proposal, as part of an
Integrative Activity to be carried out over two
semesters.

This problem is also considered relevant
to complement the students' competencies, since
needs can be identified for information
registration, updating, deletion, as well as the
management of shopping cart and payment
information, among other functionalities.
Another important aspect is that the different
phases of the project will be aligned to the
CMMI-Dev 2 maturity model, seeking to
integrate quality practices into the different
activities.

This paper will address the concepts of
Integrative Activity in UATX, Online Store
Systems, and the CMMI-Dev 2 Model.

The artifacts that comply with the
model's practice area will be described, as well
as some application interfaces and their 3D
modeling as an example of the implementation
carried out.

Integrative Activity at the Autonomous
University of Tlaxcala

The Autonomous University of Tlaxcala
indicates in its mission the generation of
scientific, technological and  humanistic
knowledge in the context of local, national and
international needs, it is in this framework that
the Integrative Activity (Al) seeks to support its
fulfillment and is defined as:
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"a problematizing learning situation
(projects, cases, problems) designed by the
teachers of the different learning units that make
up the college, with the participation of the
students, with the purpose of articulating the
knowledge, skills and attitudes raised in the
graduation profile" [Padilla & Mecalco, 2012].
An important aspect of its fulfillment is that
students must be integrated into teams, which is
expected to develop in them a collaborative
work approach, which is common in software
development contexts and which, for the
purposes of this project, allows them to adopt
different roles, such as requirements analyst,
designer, programmer, among others.

Online Store Systems

An online store or e-commerce system is a web
or mobile platform that allows for the purchase
and shipping of products. It typically includes
features for customer registration, shopping cart
management, product sales management,
payment options with payment platform
integration, and, in some cases, order or
shipment tracking, as well as some means of
contact or support. Among the expected features
of an online store are a responsive design and
intuitive interaction with potential customers.

CMMI Model

In software development projects, it is essential
to establish a methodology that guides the
activities that must be followed to transform
customer needs into requirements and
subsequently into a functional product.
Development methodologies, along with process
improvement models, seek to balance and
maintain cost, effort, and quality during a
software development project by establishing
activities and practices for this purpose. The
Capability Maturity Model for Integrated
Management (CMMI) is one of the most widely
used and widely implemented quality
management and process improvement models
in software development organizations. Its
objective is to provide a development standard
and an approach to process improvement that
provides organizations with the essential
elements to increase their performance,
including the identification of strengths and
weaknesses [Gonzalez, et.al. 2021] CMMI for
Development, or CMM-Dev, is oriented toward
product development and, through practice
areas, defines a set of quality practices that guide
the activities a development team must carry out
to ensure productivity and quality in its
processes.
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The CMMI model seeks to help the
organization reach maturity levels by gradually

covering practice areas, ranging from levels 1 to
5.

Method Description

Currently, the software development industry
requires professionals in the area who know and
apply all the phases involved in the
implementation of a software system. Proposing
the development of an application or online store
system in its analysis and planning phases allows
the student to discover and apply solutions to
problems where its implementation is required,
covering all the generic activities of the software
life cycle in a real-life context.

Fifth- and sixth-semester faculty
members from the UATx Computer Engineering
program form a fifth- and sixth-semester
collegiate to map out the path students should
follow in the Integrative Activity, identifying a
real-life  situation while integrating the
knowledge and skills acquired in the subjects or
learning units to solve a posed problem.

In the case of the work presented, the
board determined that students should identify a
local business to find a real customer from whom
to obtain specific needs or requirements in their
context. This seeks to have an impact on the
local environment by supporting businesses in
accessing other sales channels.

It is within this framework that the
contents of the following learning units or
subjects are integrated for the fifth semester:

- Requirements
Estimation

- Database Query and Optimization

- Human-Computer Interaction

Engineering and

For the sixth semester, the following
units are included:

- Software Design and Modeling
- Virtual Environment Design
- Mobile Device Development

Regarding the CMMI-Dev model, it was
decided to use Level 2 practice areas since they
are highly aligned with a classic development
lifecycle. These are:

- Requirements Management (REQM)
- Project Planning (PP)
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- Project Monitoring and Control (PMC)

- Configuration Management (CM)

- Process and Product Quality Assurance
(PPQA)

- Measurement and Analysis (MA)

The deliverables expected as part of the
CMMI-Dev 2 Model implementation are as
follows:

- Software Requirements Specification

- Project planning

- Interface prototypes

- Analysis and design document

- Source code aligned with coding
standards

- User and operating manuals

Although these are the deliverables, the
team must create other artifacts internally to
comply with other model practices, such as:

- Traceability Matrix

- Audit Reports

- Verification and Validation Reports
- Test Plans

- Progress Reports

Development of an Online Sales System
aligned with Quality Practices

The integrative activity was carried out in teams
of three or four members, with fifth-semester
students assuming the roles defined in a software
development team to complete the activities
outlined in the project plan.

A total of 10 teams were formed from
two fifth-semester groups, each with distinct
contexts.

The contexts that were worked on were
the following:

Online model car store

Online tennis store

Online toy store

Online jewelry store

Online hardware store

Online office supplies store
Online computer components store
Online cell phone store

Online electrical products store

0.  Online video game store

=00 NNk W=
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Requirements management

The teaching college defined in the Al planning
that all systems had to meet a series of minimum
requirements, which were: inventory control and
replenishment, customer registration,
administration of user roles and profiles, product
display, shopping cart and payment methods,
based on these initial requirements each team
had to establish with the client the specific
requirements according to their context, since
the product data and information will depend on
it.

The students developed an interview
guide, which they used to elicit requirements for
the project, initially defining functional
requirements for the project. Figure 1 shows an
example of functional requirements for the
online office supply store. In this case, the
functional requirements define what the system
will do.

Functional Requirements List
[

Functional requirement Entry Date
The system wil alow users to register, the data required for
this are the folowing:
User Registration Alusers  |Name “Last Name RFOT | 16212023 | Essential
“Mother’s name “Email
*Password
The system wil alow users to log in, the data required for
this are the folowing: *Email ‘Password

Login Alusers RF02 | 6/9/2023 | Essential

The system wil alow the adminstrator to enter artices, the
required data for this are the following: *Product name
*Category *Stock *Product descrition *Price ‘Image. *Brand
*Dimensions. *Speciications

Administrators RF03 | 6/9/2023 | Essential

Inventory and Stock Management

The system wil alow you 1o edit store flems RFO4_| 6/9/2023 | Useful
[The system will alow the adminitrator to delte fems from
the catalog

The system wildispiay a st of products organized by
categories (stationery. fumiture, offers and electronics)

Administrators RFO5 | 6/0/2023 | Essential

Alusers RFO6 | 6/0/2023 | Essential

The system wil allow users to search for products by name

RFO7 | 6912023 | Useful
or keyword

Product Catalog Allusers

The system wil alow you to display product detais (mage,

Alusers | joccription, stock, dimensions, category. brand and price).

RF08 | 6/9/2023 | Essential

Figure 1

Functional Requirements
Source: Own elaboration

Based on the Requirements List and once
it has been validated, the Requirements
Specification is defined. This is a technical
document that generally defines: System scope
and constraints, Use cases (Figure 2) and their
narratives, Non-functional requirements, Design
and Interface requirements, as well as a first
version of interface prototypes.

This document allows the project team to
have a detailed context of how the interaction
with the system is expected to be, design
constraints and details of necessary interfaces,
being the basis for its design.
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Figure 2
Uses Case Diagram

Source: Own elaboration

Project Planning

Once a first version of the use case narratives has
been completed, an estimation tool is defined so
that students can use it to develop detailed
project planning. This fulfills the Project
Planning Practice area. Figure 3 shows an
estimation tool based on use cases and
implementation hours, considering project
complexity and defining hours per phase.

Project effort
Phuse

Medium Large
us | Length | howrs | Length | hours
w | s ] 10

% | Hors | @10%)
o e 7

496.)
3954
3970]
%2
1984]

1) 6 15

imbolic Logi s intefa
jum | Large | Smal | Medium | Large | Small | Medium | Large

Figure 3
Project Estimation tool

Source: Own elaboration

Based on the effort hours obtained in the
estimation tool, the team can establish a
Comprehensive Project Plan, which integrates
the following elements: Risk Management Plan,
Work Breakdown Structure (WBS), Schedule,
Communications and Data Plan, Infrastructure
Plan, Measurement and Analysis Plan,
Configuration Management Plan, Human
Resources Definition, and Repository Structure.

The project schedule is shown in Figure
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Figure 4

Project Schedule

Source: Own elaboration

Project Design

As part of the Monitoring and Control activities,
the activities specific to the methodology
involved in system design are followed up.
Figure 5 shows the database diagram that is part
of the contributions of the learning unit on
Database Queries and Optimization, where an
initial business model is performed, the
functional requirements are reviewed, and from
this, the system data dictionary is established.

Figure 6 shows the Component Diagram
made in UML, which defines the architecture of
the system. In addition to these diagrams,
sequence diagrams are made and in some cases
class and state diagrams to obtain different views
of the system's behavior and be the basis for
construction.

Figure 5
Database Model

Source: Own elaboration
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System Component Diagram
Source: Own elaboration

Project Construction

During the  Construction phase, the
functionalities were programmed, ensuring
compliance with the functional and non-
functional requirements defined in the first
phase.

Based on the Human-Computer
Interaction Learning Unit, it was determined that
the design must be intuitive and accessible to all
users, including those with disabilities.

This entailed complying with web
accessibility guidelines, such as WCAG (Web
Content Accessibility Guidelines), to ensure that
the site was usable by people with different
abilities.

The site also had to be compatible with
mobile devices, tablets, and desktop computers.
In this example, the development was carried out
in React Vite, and a Coding Guide was
established to peer review the source code and
ensure its quality.

Figures 7, 8, and 9 show the
implementation interfaces.
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Product View Interface
Source: Own elaboration
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Shopping car interface
Source: Own elaboration

As part of the implementation and in
compliance with the Virtual Environment
Design learning unit, a 3D modeling of the
project's products was proposed. This allowed
for the integration of another product view into
the online store, thus providing a more
personalized experience for the customer.

Figure 10 shows the steps for modeling
and texturing a keyboard. This was done using
Blender.
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Figure 9
Payment and shipping data interface
Source: Own elaboration

Step 1 Modeling step 2

Step 5 Textured Step 6 Textured

Figure 10

3D keyboard modeling

Source: Own elaboration

For the Mobile Devices Learning Unit,
an Android version was implemented, where the
responsive interface design was maintained,
which can be seen in Figure 11.
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Mobile application with responsive design
Source: Own elaboration

Process and Product Quality Assurance

To comply with the Process and Product Quality
Assurance Practice Area, verification and
validation reports are prepared for the various
documents generated throughout the process, as
well as audits of the different project phases.

Figure 12 shows an example of the
verification of the Traceability Matrix
document. Verification allows the project
reviewer to internally verify that the document is
free of defects and meets its intended purpose.

Validation is considered an external
quality assurance activity since it is performed
with the client to ensure compliance with each
deliverable.

4, System Test Plan Verification Results

De and i i ion Report 1

System Test Plan

Location: Apizaco, Tlaxcala,

Date: 0/0/2023 Duration: 2 hours

México
Participants:
Name Rol
Alejandra Itzel Lopez Medina Revisor
Alejandro Calderén Aguilar Project
Geraldin Arenas Hernandez Quality Control
Brian Michel Hernandez Garcia Programmer leader
Item to check Defects found
Document Format Correct the document, the information has not yet been updated.
Document Name Complies with the requirements.
Document Spelling Complies with the requirements.
System Test Case Complies with the requirements.
Name
Functional Complies with the requirements.
Requirement
Use Case Correct the document.
Use Case Name Correct the document, the information has not yet been updated.
Test Case Verify that the results match the case.
Expected Result Complies with the requirements.
Date Pending date.
.
Figure 12

Example of Verification Report

Source: Own elaboration
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Figure 13 shows the application of
auditing to the design phase, aimed at ensuring
that the activities defined in the project schedule
are being carried out and that the defined process
is being followed. To ensure objectivity and
neutrality, a cross-audit mechanism was defined,
where team members from the fifth "A" review
the documents of teams from the fifth "B"
auditing phase. This ensured that no bias was
present in the auditing process.

Analysis and Design

1.1s there an analysis and design document?

<
®
@
3
>

2. Ts there traceability between the analysis and
design models and the ERS d\ ?

3. If changes were made, were all affected
products affected?

4, Ts the traceability matrix completed,
including the cor design references?
5. Has the analysis and design document
undergone the corresponding revisions?
6. Are the sequence diagrams complete and
correspond to UML nomenclature?
7. Is the system architecture documented with
a deployment or component diagram using

>

Ol olojolo|ojo#

ol o| ool o|lo|o

8. Were the interfaces fully documented in the

analysis and design?

9. The integration test plan document defines

the various components to be integrated

10. The integration test plan document has
cerified

O
O

OENE HNENENNBE

[ | The integration test plan document is not
verified. Only the template is available, but
the file is not fully completed.

||

11. The analysis and design document has
been fi ifi

|
=]
o

ign document has “The analysis and design document has not
o . o been validated.

Figure 13
Audit of the analysis and design phase

Source: Own elaboration

Configuration Management

As part of Configuration Management, students
defined project folders using Google Drive to
keep information available to team members.
The elements that would be included in the
project folders, as well as the file access
mechanisms, were defined during planning.
Throughout the project, instructors reviewed the
nomenclature of the generated documents, as
well as reviewed them during physical audits.

Figure 14 shows the structure of the
Requirements folder as an example. All teams
were required to maintain a common structure
throughout the project.

1. Repositor

LOCATION NOMENCLATURE

saOValidationRepartXXxX_#

sAOEstimationTool

SAOValidationRenartod_t

Integration Test Plan

Figure 14
Folder structure

Source: Own elaboration
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Conclusions

The development of online sales systems or e-
commerce presents a series of functionalities
that can be properly implemented under the
quality practices of the CMMI-Dev 2 model.

In this way, Computer Engineering
students applied requirements management,
planning, monitoring and control, configuration
management, measurement and analysis, and
quality assurance practices in the different
phases of software development. In this case, 10
development projects were obtained, in which,
through the elaboration of deliverable
documents, UML diagrams, and internal
artifacts, the students were able to follow the
step-by-step process toward the construction of
an online store.

Through the definition of artifacts and
the application of verifications and validations,
as well as audits, compliance with the
requirements defined by the client was
guaranteed from the beginning. As future work,
a maintenance phase could be established for the
implemented projects to ensure adequate
evolution aligned with the client's needs.
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