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Abstract:  This study proposes a methodology to develop a mathematical model that may help university
students choose the best composition of curriculum components. The aim is to provide support for students’
decisions in the disciplines registration process, and hence reduce the time needed in order to complete their
course. This paper examines the Federal University of Rio de Janeiro (UNIRIO) Information Systems (IS)
Master of Science (MSc) students’ composition of curricular components, and is based on past UNIRIO IS
graduates who could not finish the course within the given time frame as defined in the pedagogical project.

Within the School of Applied Informatics (SAI) there is a tutor whose duty is to guide students in their
academic life by helping them choose appropriate curriculum components. Students with complicated
academic backgrounds pose great difficulty for the tutors. Therefore, SAI finds there is a need to improve
and increase the efficiency of the enrolment process into appropriate curricular components.

This paper can be divided into two phases; the first provides a literature review that integrates business
process modeling, and simulation to business management and the foundation of mathematical models.
Initially, we consider the Markov model that is a state transition model. Thus, the evolution of a process in
the future is conditioned on the present and past, and is only dependent on its present value. These models
have become useful in decision analysis when a problem involves evolution over the time, and when an event
can occur repeatedly in an analysed period of time. The second phase of this paper presents a case study
using the SAI curriculum. The current semester is analysed, in order to refute or affirm the observations
obtained in the previous phase. Quantitative variables will be determined in subscribe (prospective) students
in disciplines process in order to collect data for these variables to create subsidies for the Markov model.

Once the statistical analysis of the data has been completed, we intend simulate scenarios for final analysis.
After the simulations are finished, the scenario analysis will allow the tutor to handle the options for students
and offer the best composition of curriculum components. Thereafter, this paper intends to offer a model
optimized for the mentoring of students in the SAIL

Keywords: Business Process Modeling, Process Simulation, Process Simulation Tools, Mathematical
Models for Process Simulation.
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1. INTRODUCTION

We propose the use of process simulation to define a model that helps students choose the best composition
of curricular components, which minimizes the time spent by a student in an educational institution.
Therefore, the purpose of this model is to guide students in the School of Applied Informatics (SAI) at
UNIRIO in choosing appropriate curricular components so that they finish their course within the defined
period of time so that the students can join the labour market as soon as possible. SAI has reported that
inflexible timetables, reprobation in curricular components which are prerequisites from other components
may cause difficulty in academic life.

"In summary, a process model represents and explains, in simplified form, the reality of the structure of
activities and resources that enable the organization to function." [Paim, 2009]. "Without worrying about a
precise definition of simulation, we can understand it as the use of models for the study of real problems of a
complex nature, through computational experimentation. Thus, the simulation is the process of building a
model that replicates the functioning of a real or idealized (yet to be built!) And conduct computational
experiments with this model in order to understand better the problem under study, test different alternatives
for its operation and to propose better ways to operate it. "[Saliby, 1999].

Theoretical studies have helped find applications of process modeling such as the cost management in the
process of registration and enrollment at the University of Cruz Alta, located in the state of Rio Grande do
Sul [Mareth, 2009], the flow patients’ simulation of the emergency of University Hospital Antonio Pedro,
located in the city of Niteroi, in Rio de Janeiro [Souza, 2007], and the use of simulation in computer
networks as in Barradas [2010] which uses mathematical modeling techniques and simulation optimization.
These studies all use the association of process models and computer simulation.

We theorize that if a mathematical model, which represents the curriculum of pedagogical educational
institutions, could be identified; the composition of curriculum components assisting in shortening the
duration of the course could be predicted.

2. PROCESS MODELS

They can also be defined as a set of views that represent aspects of a business, allowing for the understanding
of the reality of an organization, serving for communication and discussion of activities improvements
[Magalhaes, 2007].

These activities are well characterized share of the work carried out at one point by roles, according to a
defined set of rules that establish the order and the conditions under which activities should be executed."

[Engiel, 2009].
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Figure 1. Meta- Model of Business Process [Magalhaes, 2007].

To identify all activities involved in a business process, it is necessary to adopt a methodology to derive the
requirements from the model developed and understand the processes’ adaptation [Engiel, 2009], the diagram
generated from the methodological approach of Sharp and Dermontt is described in Figure 2.
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Figure 2. Approach to Business Process Modeling [Engiel, 2009].

Each item in the diagram corresponds to a phase of the methodology to process modeling. Therefore, Frame
Process corresponds to the first phase, a survey of initial data, defining the scope and context of the business
activities involved in the processes [Engiel, 2009]. The second phase, understanding the process "as is" (as-
is), is the evaluation of the achievement of the process objectives. This requires modeling the process from
the documentation prepared in the previous phase, identifying what should be modeled and who is involved
in the process [Engiel, 2009]. The third phase, Process Project (fo-be), involves the elicitation of business
requirements; determining improvements for a new type of process, analysis of the quality of information
flow, identifying potential bottlenecks of the process [Engiel, 2009].

In the first phase of this paper, the definition of the scope of performance and process boundaries were held
jointly with the director of SAI, based on modeling processes developed in the work of completing the
undergraduate course of SAI [Engiel, 2009]. The process Subscribe Discipline, which is part of the academic
macro-process is shown in Figure3.
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Figure 3. Academic Macro Process [Engiel, 2009].

3. THE PROCESS CONTEXT DISCIPLINES SUBSCRIBING [Engiel, 2009]

This process is responsible for registering students in curricular components, which is subdivided into: Enroll
new students in disciplines, and Enroll veterans in discipline. The model process is shown in Figure 4:

Discipline Subscribe >
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Figure 4. Subscribe to Process Disciplines [Engiel, 2009].
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3.1. Enroll new students in discipline

The entry of a new student is made by themselves, in the effective registration with the Bureau of the
University, which falls in the curricular components of the first period of the graduate course in IS [Engiel,
20091].

3.2. Enroll veterans in discipline

"The goal of this process is to allow the veteran student enroll in courses for the new school year with the
help of their tutor. The process begins when the portal is released and the student's enrollment period in
disciplines is initiated. The student accesses the portal and requests the student enrolls in the courses that
they want. In the Student Portal, the veteran has access to a list of the disciplines of his course, mandatory
and optional, not yet studied, and also has access to a listing of all the elective courses offered at the
University without restrictions. At the end of the subscription request in disciplines period, the SAI system
criticizes the subscription requests based initially on the consistency of preconditions and the compatibility of
working hours. Then, if there are excessive requests for subscriptions, according to the maximum expected
quantity of vacancies, the system prioritizes the following entry criteria of priority. The criteria are generally
the following (in order of importance): "course in the student's home" (priority for students of the course
which offered the discipline), "the prospect of payment in the period" (who has remaining hours to be held in
the period, have priority), "student in the correct period of the discipline offered in the educational project.”
The solution offered by the SAI in filling vacancies of pupils entitled to registration usually does not end the
matter, since the system cannot model all the possible exceptions of treatment (a course being offered at any
time, with no prospect of graduating students only the next period and discipline offered annually, etc.). The
director then tells the Information Technology Department that the school report registration application is
available. Following this, the director shares the availability of the report enrollment request to the secretary.
In turn, the secretary sends the tutor the registration request report and transcripts of the student. The tutor
schedules the week of registration confirmation. At the end of the registration confirmation period, the
student and tutor will check the report subscription request to decide whether to include and / or exclude
disciplines from the enrollment request report. If it is necessary to make changes to the registration request,
the tutor points out the mandatory report. For the academic guidance of the tutor, if there is the student’s
consense, in relation to suggestions for inclusion or exclusion of courses, the suggestions should be
acknowledged in the report. If the student does not agree, it is recommended that the tutor marks on the back
that the suggestion was not accepted by the student, in order to characterize the orientation was performed,
but was not accepted. Two copies of the report must be signed, one for the tutor and another for the student.
One copy stays with students for proof of their registration confirmation, and the second is sent to the school
office. The secretary then verifies the changes in the registration request report. If there are changes in the
registration request report, the secretary registers the changes in the SAI. If there’s no changes or the
necessary modifications are made, she confirms enrollment in SAI. Finally, the secretary files the
registration application report. At the end of the process, students will be enrolled in senior courses. "[
Engiel, 2009].

4. COMPUTER SIMULATION

Historically, the simulation had its origin from the Monte Carlo method, which solved analytical
mathematical problems, which solutions were not viable. It occurred during the 2nd World War [Mareth,
2009]. It was in the 1950s that the computer simulation began to be used in the United States aerospace
industry. In the 1960s came the first industries applications, which occurred slowly because of the low power
of computation at the time [Torres, 2006]. According to Saliby [1999], “the simulation is the process of
building a model that replicates a real or idealized functioning (yet to be built!), and computational
experiments conduct with this model, have the objective to understand better the problem under study, test
different alternatives for its operation and propose better ways to operate it."

While the use of personal computers increases, and improvements in simulation software has helped the
growing application simulation in the logistics and operational organizations, the advantages and
disadvantages must be considered. The advantages and disadvantages of using simulation to solve problems
are listed by Torres [2006]:

e Promotes creative solution: intuitive solutions can be modeled and tested quantitatively;

e Identifies problems: through the trials of the system interactions, identify causes of restrictions;

e  You can predict results, analyzing projects and systems that still exists, exploring possibilities of new
policies, procedures and management methods;

e Considers change of systems: to analyze the changes in real systems, statistically based and
scientifically;
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Promotes total solutions: allows that all instances of a problem could be simultaneously analyzed,
requiring the participation of all involved in the areas. Even the less likely hypotheses can be tested and
validated, so the solution generated is built by consensus;

It may be economically efficient: the ability to evaluate alternatives allows a quick calculation of the
impacts of new strategies and investments that may be needed to the solution proposed;

Prepares the organization for change: people can be trained and organized in their way of working. The
training of people can be a disadvantage if expertise and experience is needed, it may require significant
time and investment for the organization, that is not always available;

Promotes agility, allowing realizing systems analysis in long periods of operation in a short space of
time. However, such analysis may be difficult to interpret because of the randomness, which can become
a disadvantage;

Increases knowledge: develops an understanding based on the experience of how the system functions;
Checks solutions generated by other methods. If we use the simulation inappropriately, simple solutions
could solve the same problem in less time and cost, and

It may be simple: the constructed model can be used several times to perform an analysis, obtaining data
easily. But if in some cases the model takes longer and cost more to be applied, it becomes a
disadvantage.

The main advantage found for this research is the strategic capacity of prediction, using the process
simulation application in curricular components, allows working hypotheses that anticipates the facts; it
allows too, the adaptation of the student's profile curricular.

According to Saliby [1999], steps in the practical simulation application require:

Construction of a conceptual model: fundamental in the simulation. This phase includes understanding
and defining of the problem scope under study and what are its main objectives to be achieved and which
model should respond to the decision makers. It can be logic, graphics, or even copious notes;
Transforming the conceptual model into a computational model that allows testing it: set of actions
laborious simulation process. The data collection perform occurs in this stage, and also the statistical
analysis, programming, using an appropriate software, the verification and validation, and

Experimental test of choice for analysis and alternative solutions: this phase is to test different
alternatives, using the representation of the real system, which is the model simulation, sensitivity
analysis to evaluate the effect of possible changes before they happen.

These three steps can be seen in Figure 5. -

Model Construction

Computer Modelling

Experimentation

Figure 5. Steps of a Process Simulation [Saliby, 1999].

Based on in Figure 2, and the whole simulation theory studied until now, the simulation can be introduced
into Business Process Modeling.
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Figure 6. Simulation Modeling inserted into the Business Process [Paim, 1999].
These results can help the organization in their strategic planning decision.

The computer simulation is a tool that assists the analysis of flows of the curricular components and its
bottlenecks, and identifying curricular components that have problems with queues and waiting. It also
provides changes to the composition of the matrix of curricular course components and analyses the impacts
of this change. Using an appropriate simulation application, we can identify the existence of a mathematical
model that minimizes the time spent by a student at an educational institution.

5. TECHNICAL TRAINING AND RESOURCE COMPUTER REQUIRED

From Saliby [1999] a simulation research project requires technical skills such as good knowledge in
statistical analysis techniques and process modeling. In regard of computational resources, the machines
available nowadays are capable of processing complex applications. So the software has become a crucial
factor in the use of simulation, because through them, complex problems can be processed by saving time
and accuracy of the information. Table 1 shows the main software and its suppliers.

For this study, the chosen software is ARENA, which has a version of Training / Evaluation Mode
(STUDENT) Academic, that provides all functionality to create and run simulation models.

Table 1. List of major simulation software [Saliby, 1999]

PRODUTO EMPRESA HOME PAGE
ARENA Systems Modeling Corporation WWW.sm.com
AutoMod Autosimulations Www.autosim.com
Extend Imagine That www.imaginethatinc.com
GPSS H Wolverine Software Nao disponivel
Micro Saint Micro Analysis & Design www.madboulder.com
ProModel ProModel Corporation www.promodel.com
SIMPLE ++ AESOP (Alemanha) www.aesop.de
Simscrip I1.5 e CACI Productos www.caciasl.com
MODSIM III
TAYLOR Il b F&H Simulations (Holanda) www.taylorii.com
VisSIM Visual Solutions WWW.vissim.com
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6. CONSIDERATIONS AND CONTINUING RESEARCH

In this context, to improve simulation learning, it is required to observe the tutor’s guide period in SAI to
describe this process formally and investigate the quantitative variables that will make the Markov probability
table. It is noticed that it also needs an investment in studies of quantitative models to support decision-making
process, among simulation optimization techniques, which is cited in Barradas [2010].

This paper can be divided into two phases; the first provides a literature review that integrates business process
modeling, simulation to business management and the foundation of mathematical models, the simulation and
modeling of academic processes using mathematical models, and research tools which involved choosing the
software ARENA. Initially, according to Silva [2006], the Markov model is a state transition model, in which
the evolution of a process in the future, conditioning on the present and past, only depends on its present value.
These models have become useful in decision analysis when a problem involves the evolution over the time
and when the event can occur repeatedly in an analysed period of time.

The second phase of this paper presents a case study using the SAI curriculum, analyzing the current semester
in order to refute or affirm the observations obtained in the previous phase, seeking to solve existing problems
in the academic lives of students from the SAI, when retained in some curricular components of the
undergraduate program in IS. Quantitative variables shall be determined because of the subscribed veterans in
disciplines process in order to collect data from these variables and statistical analysis of them, and then build
the simulation model and scenarios for final analysis.

After the simulations are done, and the independent variables obtained from the simulation process model of
subscribes veterans in disciplines. It will be possible to handle all the choice options for students and offer the
best and analyze the consequences of this manipulation. After this phase of the research, a model optimized is
offered to the mentoring of students in the SAI.
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