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The Application of Games in a Model Factory for Education in 
Manufacturing Integration 

Abstract 

Carios F. Bremer, Antonio F. Rentes, Silvana Salomao, 

Joao Lirani. Henrique Rozenfeld 
Umiversity ofSao Pawo 

This paper describes the development and utiiizarion o f enterprises games to improve the 
ability in the decision taking inside manufacruring integration environment. In order to 
elaborare the game, it has used the MIE-Enterprises Integration Methodology-that 
offers a wide range of strategic options in re:,--pect to the question of integration. Such 
methodology has been tested and approved inside the FIM-Model Integrated Factory­
which is one o f the research lines o f the CUvf Project of the University o f Sao Paulo-Sao 
Carlos. 
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1. INTRODUCTION 

Manufacturing philosophy has been bearing 
profound changes wi.thin the last years, mainly 
because of the search for greater production 
diversificarion. That has been caused by aspects such 
as: economy globalization, more inrense costumer 
exigency, greater emphasis on quality and lower 
response times from the enterprises. 

Within tbis context, the industries main 
feature in the post-industrial society or knowledge 
society is a new productivity wave (ARANHA, 
1994). That new wave will only become viable wi.th 
the introduction of new technologies, which could 
enable the integration of existent individual systems. 

The new technologies required can be 
subdivi.ded in severa! technological components 
(CAD, CAPP, CAE, IvfRP, etc) and org:anizational 
components (TQC, Just-in-Time, etc). The 
introduction of such components must be faced in a 
gl~ and strategical manner, according to Skinner, 
whlch presumes that ali manufacture decisions are 
linked to an sttategical component (ROZENFELD et 
alL 1992). 

The lack of strategical pjanning wi.thin 
enterprises caused their i.na.bility to safely choose the 
best path in face of so much nwket offers, tbat is. 
which components must be acquired and what 

· priority order to follow in this prooess. .As a result, 
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emerprises began to absorb those componems as 
"solutions" for their problems. in a disarranged. and 
isolated way, and so losing the "sense of a whole" Of 
their own organization. 

In face of such scenario. the C]]vf ProJect of 
USP - São Carlos (BRA) was creared. whicl! 
searches for ways to help enterprises to put this new 
manufacture concept into pratice. in arder 10 
contribute for their survival in the worlch\-1de 
competition environment. 

2. USP - SÃO CARLOS CIM PROJECT 

The main objective of the C]]vf Project is to 
suppon human resources formation in al1 leveis. 
involving graduation courses. post' graduation 
courses aild the knowledge extension to the whole 
community. Commercial CIM components are tested 
and their integration is tried on prototype solutions. 
offering references to enterprises in their decision 
rnaking processes. 

Components are developed when a 
technology needs to be dominated when human 
resources must be formed or when there is oo 
cominercial offer available for an speci:fic kind of 
product. Methodologies are also developed for 
apllication of Integ:ration technology. 

Among al1 the eighteen research !ines 
developed wi.thin Project Cll\1. the FTh1 ("Fábrica 
Integrada Modelo" - Model Integrated Factory) is 
focused in this paper. FTh1 represents a complete 
prototype solution. which appl.ies some results from 
other research lines and the MIE ("Metodologia li: 
Integração de Empresas" - Enterprises Integration 
Methodology), which gives suppon to the integrarion 
process (BREMER 1995). 

The basic philosophy of FTh1 is to 

demonstrate that the main requirement to obtain tbe 
desired competitive advantage is integrarion. not tbe 
computer. What is intended within the FIM 
environment is to simulare enterorises which are 
bearing an autornanzation process ~d so the need to 
integrate their older facilities. Such philosophy is 
supponed by the MIE methodology, tested :md 
aproved inside the FTh1 imegrated environment 
(RENTES, 1995). 

The MIE methodology is di\ided in tnree 
(3) stages and eleven ( 11) pha.ses (Figure ·n. The 
sequence imposed for the phases does not impiy tha1 
some of them are not dispensable in certain cases. In 
spite of that, it is importam to emphazise that tbe 
acompplishment of cenain pha.ses is essential for thc 
success of the integrauon process. 

A deeper descripnon of the phases folloWS­
in order to make cle:u- theu relauve effects W1thin the 
integration process (AGUIAR. 1995). 



_ Stage 1: Req&lirements anti C1417'eJtt Si:tl.um.on 
Evaluation, includes the phases: 
e Phase 1 - Org:mizarion Stabfishing: the 

organ:izational and admnistrauve bases for 
methodology application are defule:i such as 
necessary resouces. choice of a ·;-.-orking team 
and time schedule preparation. 

• Phase 2 - Strategy Defin.ition: the enterprise's 
business straregies are identified. besides the 
manufacturing strategies to suppon the 
objectives stablished 

111 Phase 3 - Metrics Definition: representative 
quantitative values are identified in order 
measure the enterprise's performance. 

111 Pbase 4 - Present Siruation Diagnosis: the 
enterprise's current working procedure is 
modelled here. in order to o:ffer suport for the 
methodology's second srage phases. 
Pbase 5 - Actions Definition: in this phase it is 
decided which phases wiU need ta be applied 
later, depending upon the enterprise's objectives 
and priorities. in accordance to the results 
obtained in the Present Situation Diagnosis 
ph.ase. 

Figure !: Enter1Jnses Integrauon Metho<ioiogy- MIE 

- Stage 2: Projects Specificatúm. includes the 
ph.ases: 

.. Phase 6 - Business Processes Development: 
starting from actions definition. business 
processes are developed which will be applied in 
accordance to the embracing level desired. The 
processes development takes imo account the 
use of Continuous Improvement conceptS. Total 
Quality Control. productivity and 
rationalization. process perfection. process or 
business reengeneering. 

.. Pbase 7 - Projects Spedfication: this phase 
aims to make sure that proposed bussiness 
processes (Phase 6) are implemented in an 
integrated manner. to eliminate possible e:ffort 
repeution. 
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" Phase 8 - ~lutions Seiection: computational 
solutions are selected which are in accordance 
and able to gry·e suppon ta the current operarion 
procedure of the enterprise or to the new 
procedure eventually defined in Phase 6. 

• Phase 9 - Soiutions Development: information 
systems are developed which support the 
business processes and/or complement the 
cornmercial computational solutions to be 
adopted. 

Stage 3: Implementatúm anti J1onitoring, 
includes the phases: 

.. Phase 1 O Processes and/or Systems 
Impiementin~: this phase assures the 
implememation of the processes defi.ned 'Ílt 
Phase 6 and/or the computational solutions' 
integrated implementation. within the time 
schedule and costs initially stablished for the 
imegration project. 

.. Phase 11 - Evaluation of Accomplisbment and 
Adequation of tbe Current Strategies: tracing 
and observation of previously completed pbases, 
according.ly to the enterprise's strntegies. 

One of the benefits obtained with Project 
CIM is the lmowledge transfer from one of the roost 
important activities within the manegement functi.on: 
the decision tak:ing, which embraces the operational, 
tactical and srraregical leveis. 

In order to develop the suategical levei, the 
user must be qualified for conflict manegement and 
must be able to work in situations wich involve 
interdependem decisions. Such situ.ations can be 
interpreted as a game. 

Within this scope. advantages from the use 
and development of enterpnse games to improve 
manegement habilities can be noted. 

The enterpnse game can be seen as a 
sequential -decision tak:ing exercise. structured · 
around a simulation model of an enterprise's 
situation. As a -.,ital aspect. the person who is being 
trained must be placed within a situation in which 
helshe must take decisions v>ithout risking hislher 
post the enterprise or other people. in this way 
saving time and money. _ 

• ··•·•·• The MJE. composed of phases which · 
embrilce organizational and technological resources. 
can undoubtedly mak:e available a very wide range of 
strategical options for the game players. bringing 
great benefits to the current situation of the 
enterpnses. 



3. THE MIE (ENTERPRISES INTEGRATION 
MEmODOLOGY) GA1\tE 

The garoe is represented. by an option tree 
(Figure 2), constructed in accordance to the MIE 
phases. The garoe's objective is to make the player 
trace across the various methodology phases, finallv 
reaching the Evaluarion Pb.ase, what will ~ 
he/she able to evaluate the consistence of hislher own 
previous stepS. 
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Figure 2: Option Tree 
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The garoe presents the following self­
structure: 

A -ll'lStnlctions 
In order to enhance the player's perception 

in ~elation to the effects generated by each phase, the 
option tree presents ramifications which offer 
different path options to reach the Evaluarion Phase. 
Every time a player reaches this last phase, an 

, evaluation must be performed. making clear what 
was left undone along the way, as a consequence of 
ignorated phases. 

The MIE game will be available at Internet, 
making it possible for users all over the wo:rld to 
participare and learn about the development of the 
integration p:rocess. 

At Internet, each "box" rep:resented on the 
opti.on tree opens a window with the necessarv 
information about each phase. The "Box O" p:resen~ 
an introduction and garoe inst:ructions. 

As the game p:roceeds and the rounds are 
ran, the tree is progressively revealed. An example: 
at a first instant, after . ilie plaver had read the 
in~oduction and th.e instructionS, the first game 
options that the player can follow are shown, that is, 
Levei O and Levei 1 on the options tree (Figure 3). 
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Figure 3 - First Round 

In the second round. the tree will be 
unvealed until Levei 2. For example: if the plaver 
chooses Phase 7, Levei 2 will be "opened" beloV:. it 
(Figure 4). 

LEYEL! 
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Figure 4 - Second Round 

Following that sequence. the third round 
will enable the levels beneath the phase chosen bv 
the player to be shown. In the example below. ih~ 
leveis are shovm considering Phase 8 to be the 
player's choice (Figure 5). 

_l.EVB. 10 

I..EVB.11 

Figure 5 - Third Round 

As the player reaches Pha..."t! 11. the 
evaluation is presenteei Logically, the number of 
phases will not be p:resented, but the correspondem 
action instead. 

The choice between one or other path OCCUIS 

until the game is over. The player will not have any 
externai influences anytime during the garoe. 
making hislher own decisions based only on self 
"goodsense". 

B - Arbitrator 
Tiris game's only arbitrator will be the 

computer itself which will conduct the playt::r 
throughout the windows sequence in accordance to 

hislher first rounds. 

C- Evaluatüm 
Th_e evaluation will be p:resented as soon as 

Phase 11 is . reached. when a screen will be shoWlll 
presenting the player's rounds evaluation. Positrve 
and negative points will be considered after each · 
round results. If the seouence is the one defined by 
MIE, the player will not.receive any warning. 



Folo'Wlng the previously presented 
er...amples. an evaluauon will be presented for the 
path adopted. The chosen path went through Pb.ases 
i. 8 and 10. For such path. shovm in doned lines on 
Figure 6. the following evaluaúon is presented: 
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Figure 6: Path cilosen on the Options Tree 
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1. With the avoi.dance of Phase 1, there is no high 
management compromise, so there is no guarantee 
that any technical and orga:nizational resources Vllill 
be availble. Another importam point to be considered 
is lack of a time schedule orf@nization procedure, 
compromising the activiúes' development. 
2._ Without passing through Phases 2 and 3, there 
will be no knowlwdge about how the enterprise 
works. Tb..al will make impossible to accomplish 
Phase 4, Current Situation Diagnosis. 
3. Without Phase 4 completed... the enterprise will not 
have any reference to define its futme actions. 
4. Without actions definiúon (Phase 5) there is not 
how to follow any ·way. Any path followed without 
this phase's accomplisbment mll not be a safe 
choice. 
5. Without new busin.ess process development (Phase 
6), the emerprise will continue without a defined 
"better" path. That means no sure decision about 
what to do, neither how to do anything. 
6. AI: ~ there will be cases in wich solutions 
development (Phase 9) will be essenúal to assure 
workability for the selected solutions. 

D- The End o f the Game 
The end of the garoe will be defined by the 

piayer himselflherself. This "Will ocurr when the 
player feels to be informed enough about the l\1IE 
functioning. 
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4. CONCLUSIONS 

In face of the nowadays world scenario. 
enterprises must update themselves in order to assure 
competitive advantage. Such updating needs 
reference standards. hence the Project CIM: role 
grows important within the community. 

The use of enterprise games for knowledge 
transference provides the participation of people in 
simaúons otherwise only available in real life. thus 
involving high costS and long periods . 

The greatest advantage of games utilization 
is their contribuúon to higher capacity professionals 
formation and in recicling professionals alreadv in 
the market. offering them a global vision or' the 
enrerprise environment functioning and of its 
operational dynamics. · 

It is intended to further exrend the limits of 
this garoe in the future, as well as the ways to play it, 
by introduction of externai influences, decision 
taking limited time and by taking into account 
speciiíc featmes of the player's enterprise. 
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