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Abstract

One of the biggest difficulties for companies today is finding
professionals with decision-making skills, working in
maultidisciplinary teams, and managing situations that are not always
predictable. However, the training of these professionals is still defined
by traditional learning methods, which prioritize theoretical content,
and fail to encourage students to use their knowledge for problem
solving and decision making. Active learning methodology is a practice
that aims to develop these new skills in the learning process. One of the
learning techniques, through the use of the active methodology, is the
games of companies that provide simulate a business environment.
Therefore, this article aims to apply the active learning methodology,
through the use of business games, in the production management
discipline, and to identify the results related to learning, motivation,
involvement, perception of practice and teamwork. As methodology, the
exploratory diagnostic research was used, and the results were
analyzed through open room debate and standard Likert scale
questionnaire. The results show that the method of learning through
business games becomes efficient, inserting students in a simulated
reality, close to the business environment, which enhances skills such
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as decision making, multidisciplinary teamwork and conflict
management.

Keywords: active methodology, business games, engineering
education

1. INTRODUCTION

Today's market demands that the Production Engineer be ready to
make decisions and manage unpredictable situations. Accordingly to
Ribeiro (2007), these new skills defined by the market are often not
developed by traditional learning methods.

Regarding production engineering education, the professional
should be able to exercise an interdisciplinary approach, correlating
different areas for decision making such as engineering knowledge,
management, social sciences, among others (NETO & LEITE, 2010).

However, the majority of production engineering students'
education is defined by traditional learning methods, which prioritize
theoretical content and no longer encourage students to use their
knowledge for problem solving and decision making ( Ribeiro, 2007).

Active learning methodology is a practice that focus on
developing these new skills and stimulate students in the learning
process, in opposition to the traditional learning methods, which the
student is no longer just the receiver of information and the teacher
becomes a mediator, encouraging the students to develop skills such
as decision making, self-confidence, autonomy, among other skills
that companies are expecting from their professionals (FIGUEIREDO,
2010).

One of the Ilearning techniques, through the active
methodology usage is the Companies’ games that provide an
hypothetical business environment using reality simulation
techniques (ESCRIVAO FILHO, 2009; O°'GRADY, 2012).

Regarding the application of business games in engineering
courses, the following stands out: Paper Boat (Shiwaku, 2004;
Pantaledo, Oliveira, Antunes Junior, 2003; Sehn, Freitas, Mendes
Junior, 2013), Pen Factory ( Silva, 2003; Costa, Jungles, 2006; Althoff,
Colzani, Seibel, 2009), among other games and dynamics, actively
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working on themes such as: production management, quality
management, manufacturing environments and product design.

Therefore, this article intents to identify the results of the
methodology learning active’s concept application through the
business games, in the production management’s subject, regarding to
knowledge, motivation, involvement, perception of practice and
teamwork.

2. THEORETICAL REFERENTIAL

2.1. Engineering Teaching

Production Engineering is based on a function insides an
organization’s project, aiming the improvement and integration of
systems, machines, men and equipment, in order to specify, predict
and evaluate the results obtained. (MEIRELES, 2005).

Silveira (2005) highlights several changes faced by engineers
inside the economic, social and technological context, and defines that
innovation must be fundamental into the “age of globalized
knowledge”, in order to boost industrial development by cooperating
with citizenship and the intern market.

In the teaching context, it is common to observe discussions
related to the scarcity of the current formation of new professionals
(ESCRIVAO FILHO and RIBEIRO, 2009). In this case, the
conventional educational model consisting of data transmission and
reception (knowledge), seems no longer being preparing students for
the complex professional performance in the labor market.

In engineering education the traditional resumé is still
predominant, in which the late integration between theory and
practice, between the school and the professional world is considered.
Ribeiro (2007) shows that in engineering education, it is common to
find the criticism that the learning methods employed do not favor the
attributes stipulated in their guidelines or recommended by
professional associations, whereas the model of transmission and
reception of information does not stimulate the development of
creativity, entrepreneurship and the ability to self-learning.

According to Escrivdo Filho and Ribeiro (2009), there are
teaching methods that can be employed in the classroom based on
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active / collaborative learning, in which teaching methods become
constructive, drawing students' attention in their studies.

2.2, Active Learning Methodology

Active methodology can be understood as the whole process of
learning (didactic / strategic) whose centrality is effectively in the
student (PEREIRA, 2012).

The method encourages a critical approach of the student to
reality through teaching situations, as well as the availability of
resources to problems’ research and solutions best suited to each
situation in order to apply them. In addition, students need to perform
tasks that requires complex mental processes such as analysis,
synthesis, deduction and generalization (MEDEIROS, 2014).

There are numerous active methodologies available, in which
it is necessary to choose the one that best fits the period and profile of
the course. It will be designated to the first semesters, methodologies
that projects simulations, class discussions, role plays, conceptual and
mental maps, while the use of problematization methodologies, case
studies and project-based learning are best results for the
intermediate and final stages collaborating in formation of the egress
(OLIVEIRA, 2010).

2.3. Applied Active Learning Methodology in Engineering:
Business Games
According to Santos (2011), students will only learn if they are able to
present projects, develop new ideas, solve problems and apply the
concept in their life, but for this to happen, teaching methods in which
theory and the practice are associated.

According to Cardoso and Borges (2013) and Vieira Filho
(2008), the ideal is that students apply the content dynamically and
problematized, for example, by simulating “business games”. These
games are able to develop students' decision making, enabling them to
stimulate a business knowledge model (SILVA and MORAIS II, 2011),
and enable a scenario with the simulation that comes close to reality
(FERRERA, 2010; SIEWIOREK, 2012)

The use of business games for engineering education has been
the methodology that has most aroused the positive points and
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interests of researchers, who increasingly use different strategies to
explore the concepts of production (DEPEXE et al. , 2006).

Table 1 presents works developed with the use of games of
companies applied in engineering education, with the concepts
approached and authors.

Table 1: Business games applied in engineering education

Authors Game used Concepts covered
Shiwaku (2004); Pantaledo, Paper boat Quality Planning and
Oliveira, Antunes dJunior (2003); Management (PDCA,
Sehn, Freitas, Mendes Junior 5W1H, 5S among others);
(2013); Silva, Evangelista, Prado, JIT (just-in-time) and Lean;
Silva, Correr (2017). Theory of Constraints.

Silva (2003); Costa, Jungles (2006); Pen Pulled Production System X
Althoff, Colzani, Seibel (2009). Pushed Production System .;

JIT; Value stream mapping
.; Lean Production X Mass

Production.
Depexe, M.D.; Ammar, Wright Lego Just-in-Time Lean
(1999); Paxton (2003); Dorneles Production; Linear
(2006). Programming; Learning
curve.
Santos, Gohr, Vieira (2013). Robocano Production Management:

time study and balancing of
assembly lines; Material
Requirements Planning
(MRP); Programming pulled
with the Kanban system.
Leis (2006); Queiroz, Lucero Game Production Production management;

(2010); Anjos, Rodrigues, Product Project
Francischetti, Correr (2017). Paper Aircraft Project management, Lean
Schoeffel (2014). Factory production.

Satolo (2011). Little house JIT and Setup Time (Job
Saffaro (2003). Standardization)

Silveira, Heineck (2003).

Source: Authors
3. RESEARCH DEVELOPMENT METHODOLOGY

As methodology of the present research, the use of diagnostic research
was defined, because according to Richardson (1999), the objective of
this research is to understand the differences between the opinions of
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an individual within a group, and to identify the benefits and
difficulties encountered. in relation to the studied process.

The character of the research is exploratory in nature with the
aim of providing researchers with greater familiarity with the game,
because according to Gil (2007), this type of research aims to make the
problem more explicit or help to build hypotheses, and may be divided
into 3 steps: Bibliographic search for the theme studied; Definition of
a group as a sample for the research; Determination of information
collection methods (questionnaire, observation, interview, etc.).

For evaluation, a questionnaire with objective questions was
elaborated to quantitatively analyze the results. According to
Manzato and Santos (2016), the questionnaire may contain open
questions for the interviewee to discuss his point of view and closed or
objective when there are options. of answers.

3.1. Company game application: Manufactura®

For the present research, the Manufactura® game was used, whose
objective is to simulate the production process of a factory and the
commercialization of its products to the market, addressing the
concepts of lean production, waste elimination, cost reduction,
strategic planning and making decision.

The game was applied to students who were studying
Production Management, Production Engineering and Business
Administration courses, totaling 76 participating students (Figure 1).

The application of the game took place during the class time
and was divided into 3 stages: Presentation of theoretical concepts
related to the game with the teacher (30 minutes duration);
realization of classroom dynamics (duration 60 minutes); application
of the questionnaire aiming to evaluate the results obtained with the
application of the game and open discussion with the students about
the simulation and learning (duration 30 minutes).

In the first step, the teacher introduced the concepts related to
the manufacturing environment, highlighting the concepts of lean
production, waste elimination, cost reduction, and how market
oscillations and disturbances directly affect the decision making for
production planning.
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Figure 1: Application in class room
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—

Source: Authors

To start the second stage, students were divide into groups, in which
each group had 4 companies, and each company consisted of 2 or 3
students. For each group, there was an instructor to guide students on
the rules of the game. Figure 2 presents the characteristics and
formation of a group of companies.

Figure 2: Characteristics and formation of a group of companies

Figure 3 presents a flowchart of how the game is applied and its main

features.
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Source: Authors
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Figure 3: Flowchart of the game.
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The game begins with the definition of market demand. This can
range from 2 to 12 products per round, given that it is randomly
generated using “lucky dice”.

In the first round, the quantity of raw materials and process
products (WIP) is randomly defined using “lucky data”, and on the
following wheels the company may acquire new raw materials
according to their demand and planning. .

At the beginning of each round, each company receives an
“event card” in which it simulates external (market) and internal
(company) interference that will occur in the company during the
round, which may be beneficial or harmful, forcing the company to
make decisions. that maximize or minimize the effects of the event
card on the cost of the product.

In the production strategy stage, with the help of the process
sheet (Figure 4), the company needs to make the production planning
with the market information related to the demand of products and
interferences (event card), as well as the resources. available on raw
materials, products in process and opportunities for improvement
processes (increased production capacity and reduced rejection rate)
during the round.
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Figure 4: Process Sheet
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At the end of each round, after accounting for losses and gains on the
management control sheet (Figure 5), the company must define its
selling price. It has priority in selling those products with lower value.

Figure 5: Managerial Control Sheet

Controle Gerencial m

CUSTOS VENDAS

RECEITA | RESULTADO
TOTAL

Rodadas
Melhorias
Retrabalho
Estoque
Outras
Produtos
Produzidos
Custo
Unitario
Prego
Unitério
Produtos
Vendidos

= | Estoque Final
o | Matéria-prima

a
°

geatbrcedees!

=
=

=jxk (m)=1-§

olofalw|n]m

TOTAL
Source: Authors

The game ends after 7 (seven) rounds, or 40 products sold, wins the
company that gets the best result (profit) among the participants. It
has priority in selling the company with the lowest selling price, in
case of a tie, sells the company with the lowest production cost.

After the end of the game simulation, a questionnaire
developed in the Survey Monkey® software available on an online
platform was applied. The questions were elaborated from the
research conducted by Santos et al. (2013), who developed and applied
a business game methodology previously, with the topics covered and
the issues developed as (Table 2):
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Table 2: Topics Covered and Issues Resolved

Toépicos Questoes

Learning His participation in the game dynamics of
Manufactura® facilitated his learning in the theoretical
concepts of production management: Sales price,
inventory in process, market competition?

Motivation and involvement  Has applying the dynamics of the Manufactura® game
made the class more interesting and motivated you to
participate more in the discipline?

Perception of the practice The dynamics of the Manufactura® game allowed you to
better understand how the production system,
competition, sales price strategy works in real
situations?

Team work In your opinion, does the application of Manufactura®
game dynamics stimulate teamwork?

Source: Authors

In the answers, students could select from one of five available
alternatives: “totally agree”, “agree”, “neither agree nor disagree”,
“disagree” and “strongly disagree” according to the usual Likert scale
standard, which has the ability to identify agreement or disagreement
and frequency, providing an indicator of analysis of the environment
studied.

4. RESULTS AND DISCUSSIONS

By analyzing the results of the applied questionnaire (Figure 6), it
was possible to identify that the vast majority of students agree
(28.94%) and totally agree (69.74%), regarding the game to facilitate
learning and only 1 32% of students do not agree or disagree about it,
so it can be considered that after the application of the game became
more evident to students the concepts of selling price, inventory in
process and market competition and their influence in a real scenario.
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Figure 6: Learning
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The second question asked if participation in the game increased
student interest and motivated them to participate more in the
discipline, as can be seen in Figure 7, 100% of students agreed or
totally agree, which demonstrates that the use of methodologies
Active, through corporate games, arouses the curiosity of students and
consequently increases their participation in the classroom.

Figure 7: Motivation and Engagement

Source: Authors

Then it was asked whether the game allowed students to better
understand how a production system works and the selling price
strategy in real situations. Only 3.95% do not agree or disagree
(Figure 8), which shows that the application of the game enhances the
proximity of a real scenario, forcing them to make decisions as if
experiencing a real business environment.
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Figure 8: Practice perception
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And the fourth question was about stimulating teamwork, 97.36% of
the students agreed or totally agreed, and 2.64% did not agree or
disagree (Figure 9), which showed a high stimulus index. of
teamwork.

Figure 9: Teamwork
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Source: Authors

In addition to the results obtained through the questionnaire, an open
discussion was held and suggested to leave suggestions about the
game. In this case, it was possible to identify additional points related
to learning (“It helped me a lot regarding the concepts of strategic
analysis”); new proposals and rules were suggested to make the game
more dynamic and closer to reality (“There could be bank loan interest
rates”); as well as showing that the use of active methodologies assists
the learning process and the development of behavioral skills
(“Congratulations, competitions always motivate students and
business associates”; “The dynamics made the class more attractive”).
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5. CONCLUSIONS

This research aimed to identify the results of the use of active
methodology applied through a company game, in relation to learning,
motivation and involvement, perception of practice and teamwork.
Their analysis of results took place through a questionnaire that
involved these topics after the students' participation in the game and
open debate in the classroom.

With the results obtained, it was evident that learning
through business games was efficient, as can be seen in figures 6, 7, 8
and 9 besides providing a dynamic environment and a new learning
method that is beyond traditional learning.

It can be seen that one of the biggest difficulties companies
have today is finding professionals with the skills to handle real-life
situations required on a daily basis, and Production Engineering is a
course that requires the professional to be ready to make decisions
involving a large number of internal and external variables, so, in
addition to technical skills, the production engineering professional
should enhance their behavioral skills, in terms of people
management, teamwork, proactivity, leadership, among others.

However, many times traditional teaching methods are no
longer efficient for the professional to acquire these skills, and the use
of business games can assist in the preparation of students in order to
insert them into a simulated, close reality. to the business
environment, enabling students to leverage the skills such as decision
making, multidisciplinary teamwork and conflict management that
the market currently demands.
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