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ABSTRACT

Considering that the teaching and learning process of Engineering Economics (EE) has
limitations regarding the tools used, this article aims at presenting a web system to assist in this
process, with emphasis on the economic viability analysis of Investment Projects (IPs). This sys-
tem, called $AVER, allows the evaluation of a variety of IPs, both of didactic and entrepreneurial
nature, in addition to providing auxiliary tools for autonomous knowledge construction. In the
text the modeling and development process of $AVEn and the main features of the system are
detailed, highlighting it as an auxiliary tool for the learning process. The system test version was
used by teachers, professionals, researchers and students of undergraduate and graduate cours-
es at the Federal University of Technology — Parana (UTFPR). The results obtained regarding the
development process of the final product ($AVEn) and the teaching were promising, revealing
more comprehensive analysis on IPs by the academic students.
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1. INTRODUCTION

The decision of investing should be categorized as com-
plex in nature, because it includes several factors, including
those of a personal decision-making nature (Souza et Clem-
ente, 2009). There are several methods and techniques to
support the decision to invest (Gongalves et al., 2009; Bruni,
2013; Gotze et al., 2015), which seek to analyze the econom-
ic viability of an Investment Project (IP). In this context, a
common practice is to analyze the alternatives for invest-
ments of an organization through estimates of cash flows,
discounted to the present moment (Zdanowicz, 2000). How-
ever, in general, such practice is weak because it uses few re-
turn and risk indicators, which can compromise the analysis
quality.

Multi-Index Extended Methodology (MIEM) is one of the
most recent ways to analyze the economic viability of an IP
(Souza et Clemente, 2009; Rasoto et al., 2012; Lima et al.,
2013; Lima et al., 2016; Lima et al., 2015; 2017). In the pro-
cess of alternative investment selection, MIEM allows the
use of consistent concepts, methods and techniques, en-
abling the analysis of various factors that guide investment
decisions, which, according to Souza et Clemente (2009), is
fundamental.

As the methods and techniques focused on the economic
viability analysis of an IP involve the calculation of various
economic and financial indicators and the development of
graphics, making it difficult to compile information to sup-
port decision-making, the use of software in investment
evaluation seems appropriate. However, the correct inter-
pretation of these indicators will provide a better under-
standing of the economic merits of an IP (Souza et Clem-
ente, 2009).

It is noticed, however, that in the teaching process of En-
gineering Economics (EE), specifically in the economic viabil-
ity analysis of an IP, the time spent in the generation of in-
dicators and graphs is excessive. This time could be directed
to the interpretation of each criterion used to evaluate the
economic merits of an IP, followed by a critical and pooled
analysis of results.

In this sense, it is understood that the use of software
for the implementation of tools to assist the achievement of
results related to some Financial Mathematics elements, to
Amortization Systems (PRICE system, Constant Amortization
System — CAS and American Amortization System — AAS) and
mainly related to the main analysis methods and techniques
of the economic viability of an IP under the deterministic
and stochastic approaches, which can help optimizing the
teaching and learning process in EE. The software can dis-
play the compiled form of information, which would favor
the analysis of the data and the implications of the various

factors that guide the IP. This computational tool could also
function as a learning environment, if, in parallel, support
materials were developed in it with the technical descrip-
tion of the implemented methods, together with illustrative
examples and case studies applied in industrial and agricul-
tural projects, for example.

In this way, the emphasis on EE teaching would be cen-
tered in the analysis process of money value change along a
time scale (Rasoto et al., 2012), since the operation would be
through specific software (Souza et Clemente, 2009), which
would present a friendly computing environment and would
make the study of EE more stimulating. In addition, the use
of software to evaluate investments can help increasing
competitiveness in the process of decision making of IP pro-
posing organization (Casarotto Filho et Kopittke, 2010).

In this context, the main objective of this paper is to de-
scribe the methodology used and the results obtained from
the modeling and the development of the computational
tool called System for Analysis of Economic Viability of In-
vestment Projects (SAVER) and its application as a support
to the teaching and learning process of EE. Besides this brief
introduction, the structuring of the article has sections on
theoretical framework, methodology, results and discussion,
final considerations and appendix.

2. THEORETICAL FRAMEWORK

2.1 Economic Analysis of Investment Projects

In Brazil, two types of investment analysis methods in real
assets are highlighted. They are:

¢ Non-analytical or non-exact methods, highlighting
the simple Payback and Accounting Rate of Return
(Souza et Clemente, 2005; Casarotto Filho et Kop-
ittke, 2010; Dornelas et al., 2016). These methods
have serious limitations, because they do not ob-
serve the value of money over time and should not
be used. However, these criteria are still used as
parameters for decision-making in investments by
various companies. Furthermore, some authors still
present them, even though they warn about their
use limitations (Souza et Clemente, 2005; Casarotto
Filho et Kopittke, 2010).

e Analytical or exact methods. These methods ob-
serve the value of money along a time scale (Souza
et Clemente, 2009; Rasoto et al., 2012; Lima et al.,
2015). There are two currents: (i) defense that some
indicators: Net Present Value (NPV), Internal Rate
of Return (IRR) and Discounted Payback, in general,



are sufficient to evaluate an IP from the economic
perspective; and (ii) the defense of a Multi-Index
Methodology (MIM) which seeks to base the deci-
sion-making process of investment issues consider-
ing expected return versus associated risks.

According to Souza et Clemente (2009), MIM supports the
decision-making process regarding the acceptance or rejec-
tion of the project through various indicators, categorizing
them in return and risks dimensions. The return, measured
by Return on Investment Additional/Minimum Acceptable
Rate of Return (ROIA/MARR) index can be understood as a
degree of IP profitability. The main indicators of return are:
Present Value (PV), Net Present Value (NPV), Annualized Net
Present Value (ANPV), Benefit Cost Index (BCl) or Profitabili-
ty Index (P1), Return on Investment Additional (ROIA), ROIA/
MARR index and Return on Investment (ROI) or Modified
Internal Rate of Return (MIRR) (Souza et Clemente, 2009;
Rasoto et al., 2012; Lima et al., 2015).

The main risks indicators are: Internal Rate of Return
(IRR), MARR/IRR index, Payback, Payback/N index, Degree
of Revenue Commitment (DRC), Management Risk (MR) and
Business Risk (BR), and Fisher’s Point for the case of more
than one project. In addition, to assist in the decision-mak-
ing process, Elasticity Limits (ELs) and Limit-Values (LVs) pro-
posed by Lima et al. (2015; 2017) are used, which can be
classified as a new dimension of MIEM. In Figure 1 it is possi-
ble to identify the dimensions of MIEM and their respective
indicators.

Figure 1. MIEM Dimensions and indicators. Source: elaborated by
the authors (2017).

Where: A%: Percentage Variation; CF : Cash Flow initial; CFj: Cash Flow
for period j; TC: Total Costs; TR: Total Revenues; Q: Quantity sales; SPu:
unit Sales Price; VCu: unit Variable Cost; CMu: unit Contribution Margin;
Payback: return time. Other acronyms have already been presented in the
text.

However, besides these methods resulting from designed
and discounted cash flow, the literature highlights several
techniques (Sensitivity Analysis, Scenario Analysis, Decision
Trees and Monte Carlo Simulation, for example), approaches
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(deterministic or stochastic) and the use of the Real Options
(RO) Theory to conduct a study of the economic viability of
an IP (Dixit et Pindyck, 1994; Kodukula et Papudesu, 2006;
Gongalves et al.,, 2009; Macedo et Nardelli, 2011; Mun,
2010; Correia Neto, 2015).

The traditional theory of investment analysis in real as-
sets, Discounted Cash Flow —Net Present Value, in general,
has been criticized, since they have not grasped the value of
managerial flexibility present in several projects (Régo et al.,
2015). To overcome this limitation, the literature suggests
the use of Real Options (RO) theory (Dixit et Pindyck, 1994;
Kodukula et Papudesu, 2006).

2.2 Process of teaching and learning in the area of
Engineering Economics

In this section, the theoretical framework underlying the
prospect of working with SAVET is presented, in view of the
teaching and learning of Engineering Economics in relation
to the analysis of investment projects (IPs).

The subject characteristics and curriculum guidelines for
graduations in Engineering, according to the Resolution CNE
/ CES 11, 2002, led to the adoption of Project-Based Learn-
ing (PBL), with emphasis on case studies, aiming at under-
standing and solving real problems.

2.2.1 Project-Based Learning (PBL)

The teaching methodology based on projects has, among
its main proponents, John Dewey and William Heard Kilpat-
rick. John Dewey proposed an education whose purpose
was to provide students with the resolution to problems of
their interest, by themselves. This proposal was due to his
views on education: “Education is life, not preparation for
life” (Dewey, 1967, p. 37).

Supported in Dewey’s conceptions, Kilpatrick established
a methodological referral for teaching with projects focused
on oriented self-activity. Involving the applied learning, he
aimed at developing creativity, judgment and initiative pow-
er on the part of students for understanding that: “A gener-
ation can no longer impose to the following generation solu-
tions it has found to its problems” (Kilpatrick, 1967, p. 61).

For these authors, student’s involvement in projects re-
quires research, data logging, hypothesis formulation, deci-
sion-making and problem solving, that is, a teaching meth-
odology that places students as protagonists of their own
knowledge. As the teacher, they are responsible for manag-
ing the process, coordinating the expertise of their qualified
area with the project needs.
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According to Hernandez et Ventura (1998) and Fonseca
et al. (2004), the intense participation of students in the
project, by assuming responsibilities, enables the develop-
ment of skills in the articulation of knowledge, in addition to
promoting the attainment of autonomy and critical thinking,
basic elements for academic qualification.

It is therefore a challenge that, nowadays, incorporates
a technological scenario other than that in which the meth-
odological foundations of teaching with projects were de-
signed. Presently available digital technologies have the
potential to develop different research scenarios, which are
very useful for project development.

2.2.2 The Use of Information and Communication
Technologies in PBL

The use of Information and Communication Technologies
(ICTs) in education has been the focus of many studies. Spe-
cifically, for mathematical content, which is the foundation
that allows investigations on IPs, as proposed in this article,
researchers such as Borba et Villarreal (2005), Allevato et al.
(2010) and Fernandez (2010) among others, have identified
the potential of digital technologies in regard to the change
of focus concerning the content itself.

When permeating the teaching activity with measures
supported by ICTs, the collective “Humans-with-media”
(Borba et Villarreal, 2005) uses reasoning mechanisms that
are different from those in which digital media is not pres-
ent. This differentiation opens the way to explore new as-
pects of the problems under study.

Probabilistic models and numerical methods, for exam-
ple, can be programmed without requiring extensive cal-
culations. In this change of perspective, the attention was
focused on the meaning of the process to understand the
concepts underlying the algorithms, as these will later be
deployed in an automated fashion.

Another factor favored by the use of ICTs is the multiple
representations. When there are different sources, such as
graphics, numeric tables, conceptual maps and diagrams,
thoughts are organized differently from when they are con-
nected to only one source. The “reorganization of thought”
(Tikhomirov, 1981) occurs, favoring the emergence of differ-
ent reasoning according to different learning styles.

Considering the potential of ICTs and the assumptions
of project-based learning, the following didactic structure,
which is adopted when proposing the SAVER as a tool to
support the process of teaching and learning EE topics, is
presented.

2.2.3 SAVER as a teaching resource

The need to produce an educational resource that facili-
tates the study of IPs during Engineering Economics classes
is noted both in undergraduate and graduate courses (lato
and stricto sensu). Using resources such as spreadsheets, it
was noticed as empirical knowledge that students avoided
the application of more difficult analysis methods to their
projects, that is, methods that demanded greater effort in
terms of spreadsheet programming, such as, for example,
the Monte Carlo Simulation or Real Options.

This position eventually affected the analyses because
they were restricted, in general, to the use of deterministic
approach. In this context, a program had to be designed to
enable the calculations in a didactic sequence to allow the
resumption and analysis of the concepts, assumptions and
calculations that guide the definition of each indicator.

With the first version of SAVET in 2015, we began to use
the system in a phase of the discipline in which we prime the
analysis of real-world case studies obtained in the literature
or that was developed by students from prior semesters. It
is worth noting that the software was introduced after the
students programmed the resolutions in spreadsheets, ex-
ploring the conceptual part of both the indicators and the
economic, mathematical and statistical contributions. Con-
comitant to case studies, students are guided in the devel-
opment of individual projects as well as in the use of the
system to remake case studies, emphasizing the analysis of
different indicators that the program offers.

In the final stage of the course, the students write arti-
cles which present their projects with a case study chosen by
them and analyzed according to the indicators they deemed
appropriate. These works are presented in seminars of the
discipline, enabling the whole class to become aware of the
studies.

3. METHODOLOGY

Regarding the nature of this research, it can be classified
as Applied Research, because it seeks to generate knowl-
edge for immediate application. As for the procedures, this
work can be classified as Action-Research (Turrioni et Mello,
2012).

For the development of SAVET the action-research meth-
od was used. This method is the implementation of an action
by people or groups involved in the problem under observa-
tion and in problem setting through the active participation
of the researcher in the studied reality (Thiollent, 2007; Van
de Ven, 2007). It was chosen to allow the development of
the system and adjustment through the practical evaluation



of potential users, which, in this case, are teachers, profes-
sionals, researchers and academics from undergraduate and
graduate courses (lato and stricto sensu). To achieve this
goal, the methodological steps of action-research proposed
by Mello et al. (2012) were followed, which can be observed
in Figure 2.

Definition of the theoretical and conceptual framework

Selection of analysis units

Data collection

Data analysis

Implementation

Results evaluation

Figure 2. Action Research methodological steps. Source:
elaborated by the authors (2017).

The following activities are developed in detail:

e Definition of the theoretical and conceptual frame-
work: this step is the literature review and theoret-
ical construction of what would be implemented in
the SAVET;

e Theoretical background: Dixit et Pindyck
(1994), Kodukula et Papudesu (2006), Sou-
za et Clemente (2009), Correia Neto (2009),
Gongalves et al. (2009), Mun (2010), Casarotto
Filho et Kopittke (2010), Rasoto et al. (2012),
Lima et al. (2013), Lima et al. (2015); Lima et
al. (2016), Ferro et al. (2016), and Lima et al.
(2017) were used as the basis for the definition
of indicators to be incorporated into the system.
These authors propose that the indicators are
categorized in the dimensions: return, risks,
Elasticity Limits (ELs) and Limit-Values (LVs). In
all submodules, the Newton-Raphson’s method
(Franco, 2006) was used to calculate the Inter-
nal Rate of Return (IRR) and Fisher’s.

e Selection of analysis units: the practical cases for the
functionality analysis of the software were chosen
for convenience. Examples of several textbooks and
practical case studies of industrial and agricultural
projects were used;
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e Data collection: the data collection in the action-re-
search was conducted directly by completing the
system fields, i.e., the input served as the study
protocol;
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e Data analysis: data analysis was performed by means
of the results obtained from the application of the
system and the evaluation of the users’ perceptions
in developing their studies of interest in agricultural
and industrial areas. As a result, features that need
to be adjusted were identified, which, when deemed
appropriate, were implemented in sequence;

¢ Implementation: the actions consisted of a system
tuning and the new application and evaluation of
changed features; and

e Evaluating results: The results obtained were also
contrasted with proposals in the literature, through
a discussion.

Besides being an educational tool, it is expected that the
system will also support decision-making in real IPs in indus-
trial and agricultural areas. Figure 3 presents the methodol-
ogy used to develop the SAVET.

Choice of

Requirement programming Implementation Validation and

gathering

language and

approach testing

features

Figure 3. Model of methodology used to develop the system.
Source: elaborated by the authors (2017).

For the project development, the first approach was the
requirement gathering. The requirements of a system are
the descriptions of what a system should do — services it
should provide and restrictions and characteristics of its op-
eration (Sommerville, 2012).

The general problem presented was the development of
a Web System for computational implementation of Eco-
nomic Viability Analysis of Investment Projects (SAVET).
Thus, among the main requirements of the system are:

e Presentation of stylized and dynamic charts. These
resources are automatically generated on the basis
of input data;

e Mathematical support for the execution and calculation
of functions, as well as the possibility of implementing
numerical methods such as Newton-Raphson’s; and

e Easy distribution and accessible to many different
devices.
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Choice of programming language and features: With the
general problem presented, some programming languages,
which could implement the solution quickly and effectively
and comply with the proposed requirements, were studied.
The programming languages Java and C++ were analyzed
considering a desktop and offline implementation; howev-
er, they were put away, because they require the system’s
updates to be realized by the users, and also some features
required a high computational effort that would be done by
user’s devices. Therefore, web development was selected
through PHP programming language, because the updates
are easily done by the development staff and the computa-
tional resources that are required are made available by a
server and not by users. More details are presented in sec-
tion 4.1.
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Implementation Approach: Faced with the proposed
problem and the chosen programming language, the next
step was to choose the best programming paradigm for the
project scope. We chose the interactive and incremental de-
velopment model in which, at the end of each module, the
subsequent module is planned by changing and correcting
characteristics to best serve the end-user (Pressman, 2001).

Validation and testing: System testing is a critical ele-
ment of software quality and represents confirmation that
the specifications are correct (Pressman, 2001). For the val-
idation of modules and submodules, and possible error cor-
rection, classic examples available in Engineering Economics
literature were used.

Figure 4 highlights the main stages of development of
modules and submodules in the SAVER. Figure 4 highlights
the main stages of development of modules and submod-
ules in the SAVEm. The module’s features and objectives
analysis were always followed by its implementation on the
presented programming language. After being implement-
ed, the modules were tested and validated by the develop-
ers and, in case of unexpected results, they returned to the
implementation stage. The modules that had satisfactory

behavior were released online for validation and testing by
students, teachers and other users. If the modules’ behav-
ior presented the need of correction, they were submitted
again to the implementation stage.

4. RESULTS AND DISCUSSION

4.1 Choice of programming language features and
implementation approach

Faced with the problem presented, the computational
approach was analyzed through a web application or a JAVA®
desktop application. It was decided that a Web application
fits better in the research project’s scope because of the fol-
lowing advantages:

e Web applications have high portability, being ac-
cessed from different operating systems, as well
as different devices such as desktop computers,
laptops, netbooks, ultrabooks, tablets and smart-
phones.

e It has a wide range of features that can be incorpo-
rated into the project, such as the plotting of charts,
advanced mathematical features and ease of use of
media, such as images, videos and animations.

e Being a web processing system, it does not require
a virtual machine installation, or any other program
for its full implementation, aside from a web browser.
Therefore, it requires less memory, and it is processed
in less time than a typical desktop application.

Although the advantages are evident, the system has the
disadvantage of requiring Internet access to run, as well as
hosting on a Web server and the registration of a domain for
access. SAVET is hosted on the server of UTFPR - Pato Bran-
co Campus and can be freely accessed at: http://pb.utfpr.
edu.br/savepi/EN/cadastrar.php.

Module analysis:
features and
objectives

Implementation

Validation and
testing
(users)

Validation and
testing

Online release

Satisfactory result

Figure 4. Development stages of SAVET modules. Source: elaborated by the authors (2017).



Among the Web development options, HTML5 was chosen
as a user language, grouped with JavaScript and CSS resourc-
es. PHP was chosen for server-side language and MySQL da-
tabase. These languages were chosen for ease of use of these
technologies to quickly create dynamic elements on websites.
MySQL is an easy to use, fast and robust system, and offers all
the features that a website needs. When PHP, MySQL, JavaS-
cript and CSS are combined, one has the necessary items to
build dynamic and interactive websites (Nixon, 2012). For the
generation of charts, Google® Display resource pack was used,
available on Google Developers (2016).

The process chosen for the development of the project
was the interactive and incremental development model ad-
dressed through modules in which, at each stage, a project
module was studied, implemented (and its respective sub-
modules when necessary), tested, corrected and released.
Figure 5 shows the seven proposed modules and the respec-
tive submodules of deterministic and stochastic approaches.
In the following sections and appendices, each module and
submodule are detailed.

4.2 Presentation of modules and submodules of SAVET

The methods and techniques for the analysis of the eco-
nomic viability of an IP are varied. According to Gongalves
et al. (2009), Bruni (2013), and Gotze et al. (2015), the pro-
cess of investment analysis can be conducted with the aid of
various techniques. In this sense, SAVET was developed in
the format of modules and submodules. On the home page,

Sensmv'lty Scenario Analysis

Analysis

Quantities,

Prices and
Costs

Quantities,
Prices and
Costs

Cash Flow

Mathematical
Finance
Elements

Amortization
Systems

Instructional
Resources

1 project: Funding, Financing

1 project: Funding e Mg

Cash Flow or
Costs and
Benefits

Cash Flow or Quantities,
Prices and

Costs

Quantities,
Prices and
Costs

Costs and
Benefits

Cost-Volume-
Profit Analysis
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the system displays options of different modules that can be
used. Figure 6 illustrates the SAVEmmain interface, that is,
modules offered to the user.
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The modular structure facilitates the generation of appro-
priate information, i.e., according to the needs of each user.
Thus, when organizing SAVET in modular format we seek to
respect the user’s knowledge level and degree of maturity
of the IP proponent organization, offering to the user the
choice of modules according to their needs.

The first module, called “Instructional Resources”, whose
objective is to provide information on economic engineer-
ing, contains a number of publications, such as online books,
class notes, conference articles, seminars and national and
international journals, as well as illustrative examples and
case studies of investment projects developed in SAVER.
Thus, this module functions as a kind of library, which will be
continuously updated. Other modules and submodules are
presented and illustrated in Appendix A.

In each submodule, the initial interface requests the user
to fill out the fields according to the main module and the
chosen submodule. At any time, one may ask for support
from the system. For this purpose, it is necessary to activate
the button with the icon of an open book (a) and click on
the parameter for which you want information (b). For the
selected option, a quick conceptual review, the mathemati-
cal model and its parameters are offered, in addition to the
appropriate way to identify or determine them (c). Figure 7
shows an illustrative example of this description.

Monte Carlo Simulation

Several
Costs and
Benefits

Quantities,
Prices and
Costs

Several
Costs

Costs and
Benefits

Stochastic
Approach

Deterministic

e Real Options

2 projects 2 projects
(different

life cycles)

N projects
(equal life
cycles)

N projects
(not equal
life cycles)

(equal life
cycles)

Figure 5. System Structural Project SAVET divided into modules and submodules. Source: elaborated by the authors (2017).
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Figure 6. Main Interface of SAVET system. Source: Screen capture of SAVET.

According to Bruni (2013), one of the most crucial parts
of evaluating any investment is the analysis of the inherent
risks and their effect on wealth and decision generation
parameters. In this sense, dozens of indexes were incorpo-
rated in all the submodules of deterministic and stochastic
approaches, called Elasticity-Limits (ELs) and Limit-Values
(LVs), which are extensions of proposals by Lima et al. (2015;
2017). In Figure 8 it is possible to observe an illustrative ex-
ample of the graphic result for some ELs. Due to the ques-
tion of scope and space and to an adequate interpretation of
the indicators that appear in Figure 8, we suggest the works
of Lima et al. (2015, 2017).

4.3 SAVET in the teaching and learning process

In this section we describe the experience of using SAVER
as support for the teaching and learning process in the in-

AVE

Instructional Resources Projects and Informaton Modules -

Deterministic Approach - Funding - Cash Flow or Costs and Benefits

( b) Minimum Acceptable Rate of Return [MARR, %)

Initial Investment (GFp) Residual Value (RV]

Preject

h. 4

(c)

vestment project analysis in real assets. The computation-
al tool was used in the Federal University of Technology —
Parana (UTFPR) — Pato Branco Campus with undergraduate
and graduate students.

The undergraduate students are from Agronomy and
Mechanical Engineering courses. The lato sensu graduate
students are from Production Engineering and Accounting
courses. In addition, the system was also used by the mas-
ter’s students of the Graduation Program in Production and
Systems Engineering (PPGEPS) of UTFPR. In undergraduate
and graduate lato sensu courses, the use of this system has
been occurring in both Investment Analysis and Economic
Management subjects (60 and 30 hours respectively). In the
master’s course, the tool is used in the subject of Engineer-
ing Economics (60 hours). In total, it is estimated that, at
least, 250 students have used the system in 2015 and 2016.

About

Porugués Logout

I checked, when you
chick on an ilem, open
its definiion up
Planning Horizon (M)

Cash Flow (CFj) Constant Cash Flow?

e

Figure 7. An Input example of one of the submodules. Source: Screen capture of SAVET.
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As noted in section 2.2.3, the used teaching strategy
consists in the academic student choosing a project, which
should be developed during the semester under the guid-
ance of the subject’s teacher and if necessary, co-supervised
by an expert in the area of study. Subsequently, the results
should be reported to the class and argumentative text
should be prepared in the form of a scientific article, follow-
ing a template provided by the teacher. It is worth noting
that the presentation of the difficulties is stimulated for the
practical application of the developed theoretical concepts
and how these were overcome.

The exception occurs in the Accounting Management lato
sensu graduate course in which SAVET is used in a differ-
ent way. Lists of exercises in which users become familiar
with the program modules are presented. The subject’s final
work consists in the presentation of students’ company cas-
es, in which they should use the system to make the invest-
ment analysis.

When generating all the viability indicators and graphics
needed, SAVER contributes to greater dedication to the steps
of interpretation, analysis and issuance of the conclusive opin-
ion on the economic merit of the IP under study. That was clear
in the academic students’ most common reports reproduced
below: “SAV€R is a simple and self-explanatory system”; “there
is more time to do what | think is more important: to do the
analysis of the data generated by the system and making the
decision on the implementation of the IP studied”; “the use of
spreadsheets spent unnecessary efforts and, mainly, limited
time, which were directed to the concept fixation and for the
application in a case study in my area of knowledge”.

In the professor’s report there was a substantial improve-
ment in terms of the quality of the analyses presented by
academics, who previously avoided using the stochastic ap-
proach through MCS due to difficulties in electronic spread-
sheets handling and/or programming. Moreover, during the
reporting of the presentations it was clear that the students
had greater mastery of the concepts with a view to the ded-
ication of more time for the interpretation of the indicators
and the possibility to review concepts at any time, whenever
necessary. In a professor’s report “.. the creation of the web
system to support the teaching of EE seeks to contribute to
the learning of the contents of this discipline, showing up as
a complement to traditional expository approach”.

In addition to the improved quality and the in depth anal-
ysis, the proposed computational tool optimizes the pro-
fessors’ and students’ time. Professors can add more case
studies and discussion to the analysis with academics. Ac-
ademics are encouraged to choose, among all the generat-
ed indicators, a subgroup of indicators to base their reports
on for the company managers of the analyzed projects. The
reality of each company is considered and the same set of
indicators may represent a favorable opinion or not. Thus,
the critical sense is stimulated and the time that was once
lost in repetitive tasks in spreadsheets now is better used.
Spreadsheets are still used in the early stages, in which users
consolidate the traditional relations of financial mathemat-
ics, amortization systems and some viability indicators.

It is worth noting that the teaching methodology was
used in the subjects in which the students should develop
case studies in their field of study, that is, IP evaluation. In
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this context, the use in real situations led to the incorpora-
tion of new features to meet the diversity of potential user
needs. Therefore, updates and/or improvements were con-
stant, using the limitations mainly perceived in the imple-
mentation of case studies, which always have peculiarities/
specificities. Thus, there is the importance of experience of
use and meeting the users’ needs for system improvement.
Case studies conducted by academics, for example, began
to incorporate the stochastic approach through MCS by the
need to improve the perception of risk.

In summary, SAVET covers the most common methods
for the economic evaluation of IPs. It also offers three use-
ful tools available for analyzing and understanding the risks
in the project: sensitivity analysis, scenarios analysis, and
Monte Carlo Simulation. The system, divided into mod-
ules, allows the evaluation of many kinds of IPs, consider-
ing their specificities and offering a didactic focus on the
assessment process. Teachers, professionals, researchers,
and graduate and undergraduate students have been test-
ing the system, obtaining promising results. After starting
to use SAVET academics and teachers have been publish-
ing articles in congresses, as well as submissions in qual-
ified journals in Engineering Ill, Business Administration
and Accounting areas. In addition, the system has been
used by academics to conduct economic feasibility studies
as part of Completion of Course Work (CCW) in Engineering
and Agronomy.

5. FINAL CONSIDERATIONS

Learning to learn is the main challenge of education (Du-
arte, 2000). In this sense, the development of tools that help
in this process is an important task for teachers and aca-
demic students. Thus, in this work, SAVET was presented to
support the process of teaching and learning on Engineering
Economics topics and related areas. Besides being an edu-
cational tool, the system can support decision making in re-
al-world IPs, in industrial and agricultural areas.

The results were promising regarding both the process
of modeling and development of the final product (SAVET)
and for the teaching and learning process. In addition, the
tool has been speeding up and qualifying the academics and
teachers’ submissions in congresses and qualified journals.
This system proved to be an important educational tool as
a support tool for teaching Engineering Economics, favoring
the use of multiple representations in the analysis of invest-
ment projects under different approaches.

The educational perspective adopted was teaching with
projects; however, we understand that different approach-
es are possible, as illustrated in section 4.3. SAVET may be-
come a computational tool via web to provide support to

the process of decision-making in IPs due to its ease of use
and utilization of various indicators and charts.

In the perspective of future work, SAVET will be contin-
uously reviewed and/or modified and/or expanded and/or
improved, seeking to meet the largest possible number of
users and be up to date with the advances in this area of
knowledge. A future work consists in converting the SAV€R
to a virtual environment to support the teaching and learn-
ing process on the main topics of Engineering Economics. To
that end, a database is being developed with the definitions
and explanations of the various terms of the Financial Math-
ematics and Engineering Economics areas in the system,
so the user can study and/or recall the lessons previously
learned without much difficulty.

In the future, we will also develop educational videos,
which should explain the operation of all modules. In addi-
tion, the system should generate standard reports to help
users in the interpretation and analysis of the results found
for the studied IP.

Despite being a consistent and widely used methodology,
the multi-index approach does not allow the insertion of man-
agerial flexibility such as abandoning, expanding, contracting,
or postponing the starting of an IP (Kodukula et Papudesu,
2006). For this, it is necessary to use the Real Options (RO)
theory to allow such flexibilities (Dixit et Pindyck, 1994; Mun,
2010). The model of RO should be used to complement the
traditional analysis of Discounted Cash Flow - DCF (Macedo et
Nardelli, 2011). In this sense, as provided for in the project, a
module for RO will be developed in the future.
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APPENDIX A - MODULES AND SUBMODULES OF SAVEII
Module “Elements of Financial Mathematics”

This module allows the user to calculate: Interest rates (i), Present value (PV), Future Value (FV), number of periods (N)
and Cash Flow constant (CF), based on entries required for each of the items shown in Figure 1. The user selects one of the
five options that he/she wants to calculate and, among the possible remaining entries, enters the information related to
three of them, necessary for the selected option. The result is displayed in the text box next to the selected option as can be

observed in the example shown in Figure 1.

Financial Mathematics Elements - Uniform seres

Selec] ong oplicn 0 De calculated

Fresent Yalue Future Valug

* Paymeni per peniod

Interest Rate (%) Humber of payments

Figure 1. Interface with example “Elements of Financial Mathematics” submodule — uniform series. Source: Screen capture of SAVET.

For the treatment of non-uniform series, there are two (2) submodules, which are illustrated in Figure 2. In this case, we

used three (3) periods.
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Presious Reset Calusats

Interest Rate
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Figure 2. Interface with example “Elements of Financial Mathematics” submodule — non-uniform series. Source: Screen capture of
SAVETL.

“Amortization Systems” Module

This module allows the user to use an amortization system to check the figures in every period for due interest, install-
ment/payment, amortization and debtor balance when a loan/financing is done. The user selects one of the available
amortization systems (Price System, Constant Amortization System — CAS, or American Amortization System — AAS) and
inserts the 4 inputs required, besides being able to incorporate a grace/shortage period with or without capitalization of the
outstanding debtor balance due to the payment or not of interest generated during that period. In Figure 3 we can observe
examples of using this module.
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Figure 3. Interface with an example of “Amortization Systems” module. Source: Screen capture of SAVET.

“Deterministic Approach” Module

This module is divided into 8 (eight) submodules and presents the part of investment analysis for different types of proj-
ects through a deterministic approach. It provides the analysis of a project with the option of considering or not the effects
of accounting depreciation, taxes and the project funding source, and makes a comparison between the project execution
with Own Resources, Financing and Leasing. Cash flow, which may or may not be constant in such cases of a single project,
can be supplied directly by specifying costs and revenues, or detailing the sales quantity, pricing, and fixed and variable
costs. The remaining modules aim at the comparison between 2 or more projects not necessarily with the same planning
horizon. In Figure 4 it is possible to observe an illustrative example of data input interface of the first submodule of the
deterministic approach module.
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Figure 4. Interface of one of “Deterministic Approach” submodules. Source: Screen capture of SAVERE.

“Stochastic Approach” Module
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This module is divided into 7 (seven) submodules and allows the evaluation of investments via Sensitivity Analysis (SeA),
Scenario Analysis (ScA) and Monte Carlo Simulation (MCS) for different types of investment projects.

In the “Scenario Analysis” submodule, the traditional Scenario Analysis (ScA), which consists in contemplating 3 (three)
scenarios, has been implemented, namely: (i) most likely; (ii) pessimistic; and (iii) optimistic (Correia Neto, 2009; Rasoto et
al., 2012). However, MIEM was used to assess the economic viability of each scenario (Lima et al., 2015). Figure 5 shows
the input screen of this submodule.

nv€ samiatonsl Ressrres  Frojacsy and mfommaion  Wided «

Stochastic Approach

Indtial Invesimant {CFg)

Retidual Value [RY)

Quantity sales (S

Unit Eales Price | 5Pu)

Uinit Yanabis Cost [WCu)

Fimed Cost (FCj)

Prabability (%)

Minimum Acceplable Rate of Relum [MARR,%)

S & A8 L[]  Poruguds  Abost  Logo

Planning Herizon (N}

Constani?

Consiani?

Censtant?

Constant?

Figure 5. Initial Screen of “Scenario Analysis” submodule. Source: Screen capture of SAVET.

For Monte Carlo Simulation (MCS) submodules, several possibilities can be performed. For this, one should perform

some steps, namely:

e Step 1: Select the stochastic variables and distribution of probabilities for each stochastic variable selected.

e Step 2: Provide the parameters of each distribution of probabilities and choose the number of simulations to be

performed.

Figure 6 shows an illustrative example of carrying out the first step. After the selection, click next. Then, comes the screen
shown in Figure 7, which calls for the provision of input parameters for each distribution and the selection of the number
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of simulations to be performed (1,000, 5,000, 10,000, 100,000 or 200,000). Fill it in and click again to Calculate. In the same
submodule, we can use a Cash Flow (CF) that is not constant or provide the Total Cost estimates (TCj) and Total Revenues
estimated (TRj) for each j period in the planning horizon (N).

__h_lv_lg_ MSIRAIONS RASHI0ES  PTOMC SN0 INIMAlEn  MAOSUIES v [] rowpes  scom  Logowm

Stochashic Approach - Monte Carle Soufadian - Cash Fiow

Minirum Acceptable Rate of Retum |MARR. %} Initial Investrment (CFgh Residual Value (RY) Cash Flow (CF)
i i - Mirmal

Constant CFT #

Figure 6. Initial Screen of MCS submodule: Option - Cash Flow. Source: Screen capture of SAVER.
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Cazh Flow [CF[)
Mrma D ddnion

Rt

Figure 7. Secondary screen of MCS submodule: Option - Cash Flow. Source: Screen capture of SAVET.
In the “Sensitivity Analysis” submodule, traditional sensitivity analysis was implemented for key parameters and their
impact on NPV. In spite of the input interface being similar to some already presented, this submodule generates interest-

ing results such as NPV sensitivity analysis through Tornado Diagram (Lima et al., 2015). An illustrative example is shown in
Figure 8.

B 10%

PV B -10%

Qj
CVUj
TMA

CF
FCo

VR

-50.000 -25.000 0 25.000 50.000

Figure 8. Example of NPV Sensitivity Analysis through Tornado Diagram. Source: Screen capture of SAVETt.
“Cost, Volume and Profit Analysis” Module
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This module allows the user to calculate the Accounting, Economic and Operational break-even points, the sensitivity
analysis for cost, volume and profit ratio, as well as various indicators based on the works of Souza & Clemente (2007),
Rasoto et al. (2012) and Lima et al. (2015). It also allows the use of scenario analysis (Lima et al., 2015). In Figure 9 we can
observe the data input interface for this module.

Av€ el R s i Typeecty @ IR TRrtcs A - o t.. H Toatpgisls Al Liogosit
Cost-Volume-Prafif Analysis - 1 poduct
Mazx. Produstion Vilume Mazx. 5ales Voleme Unit 5ales Price Uit Variable Cost
Unit Vanable Expensss Fixed Costs Depreciabion Fized Expenses
Hat Equity Minimam Acceptable Rate of Retum

Figure 9. Initial Screen of “Cost Volume and profit” module. Source: Screen capture of SAVET.

In the future, there will be a module to address the Real Options (RO) theory and a submodule for Cost, Volume and
Profit Analysis for the case of more than one product.

Finally, the system is completed with a module that offers teaching resources (eBooks, scientific and technical articles
and lecture notes, for example) that have a theoretical and practical contribution for the other modules. Among the com-
putational resources offered by the system, it includes the exporting of all the graphs and charts generated by the system
into jpg image format, and the user has the option to export and import projects which are being analyzed, optimizing the
data input process.



