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SUMMARY

Manufacturing has evolved from production-oriented to customer-oriented in
the last century. The modern management approach is ‘total integration’ which
is the integration of °‘functional optimization’, ‘internal integration’ and
‘external integration’. Nowadays, Engineering and Business can no longer be
viewed as two separate entities. Engineering Business Management (EBM)

becomes the norm of modern manufacturing management.

In universities, simulation games have been identified as one of the best
teaching media in teaching EBM concept. Hundreds of good simulation games
are thus required for different subject areas and education objectives.
However, game design procedure is always a ‘black box’ and game design
philosophy of EBM games is even a ‘black box’ within a ‘black box’. This
research attempts to develop a new generic approach in designing education
simulation games in Engineering Business Management. The approach is

broken into two phases: micro and macro level.

In micro level, game design philosophy is studied. The appropriate levels of
formats and features of EBM games are determined and the weaknesses
commonly found in games are examined and rectified. The findings are
confirmed and evaluated by conducting three surveys between 1992 to 1994

In macro level, a standard interface is established for all EBM games s0 that
functional games which are built on this platform can be integrated together to
form internal management games which can be further integrated into a supply
chain network by hierarchical modular structure. The hierarchical structure

allows the games to cover some EBM areas that have never been mentioned by
any other game before.

Two functional games, a production game and a marketing game have been

built as prototypes to demonstrate the design approach. In micro level, the
established design criteria minimize the chance of developing a ‘bad’ game. In

macro level, the formation of internal management games and supply chain
networks by hierarchical modular modeling opens a new platform for game

design.

Hence, the research is titled ‘On the Design and Integration of Education
Simulation Games in Engineering Business Management’.
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CHAPTER 1

INTRODUCTION

1.0 Trends in Manufacturing

1.1 Late 19th Century - Early 20th Century : Production Oriented
The saying 'the customer is always right' is probably as old as business itself
but it was not always true. In the late nineteenth century and early part of the

twentieth century the fundamental role of business was seen as production.
Manufacturers were 1n a suppliers' market and faced with virtually insatiable
demand for goods and services. Firms concentrated on production and
productive efficiency in order to bring down costs.  Product decisions were
taken first with production implications in mind. Firms tended to manufacture

and offer products that they were 'good at producing', with customers’

requirements and satisfactions of secondary importance. Firms tended to be
'production oriented' and the production man was the most important person in
the organisation. The principal planning tool employed was the Gantt Chart,
developed in 1917 and 1918 to plan for war production. This production
mentality was workable as long as a sellers' market existed. However, many
firms had to change their attitudes as the world economy drifted into recession

in the 1920s and 1930s and to produce was no longer enough. (Evans 1993)

1.2 1920s - 1960s : Sales Oriented
The world economic recession of the early twentieth century changed the

minds of business people. Many firms failed and fortunes were lost.



Unemployment was high and effective demand slumped. Production capacity
was under-utilised and there were many unsold goods. Gradually business

people began to realise that it was not enough simply to produce goods as

efficiently as possible. For profits to materialise such goods had to be sold.

The guiding business philosophy of many firms switched from production to
sales orientation. The sales concept believed that effective demand could be

created by sales techniques. Sales volume was the most important criterion, and
planning horizons tended to be relatively short term.- The actual customer, and

how customers might perceive the value or utility of the goods being sold, were

of secondary importance. Philip Kotler defined this selling concept as: “4

management orientation that assumes all customers will either not buy or not buy enough of

the organisation's products unless the organisation makes a substantial effort to stimulate

these interests in its products.” (Jewell 1993)

In a sense, sales orientation was a conceptual step forward because although
goods and services were still produced with little regard to customer
requirements, at least it was realised that products did not sell themselves as a

matter of course.

In order to achieve a competitive advantage greater importance was attached to
product differentiation and branding. Advertising, sales promotion and other

sales techniques were used to increase competitive edge. These techniques
were used to sell the product rather than to communicate and inform or to

increase customer satisfaction. This sales approach lasted beyond World War



I1. Nevertheless, this period saw the development of a number of techniques

that are still used today in modern marketing, (Krajewski 1990)

After World War II, the impact of technology on manufacturing was spreading
at an accelerating pace, especially in electronics, information, communication
and materials. More than 15 years of economic depressions and war, created an
almost 20-year period of unbroken growth opportunities for business
enterprises. There was no need to change any marketing techniques. The
products were almost sold by themselves. So long as the external market

opportunities continued to grow, this approach to business planning worked

reasonable well.

At the same time, manufacturers were still trying to lower their production cost
and increase productivity. Machines or labours were not supposed to idle in
any circumstances. As a result, inventory level was sky level. Numerous
mathematical models were constructed to optimise the production cost or time
with operation research techniques introduced during World War II for military
purpose. Shop floor scheduling, line balancing, machine layout and numerous
inventory models were products of the period. However, these techniques
never paid any attention to the inter-relationships between functional areas.
Until mid-century, business planning in most firms was mainly cost control of

functional departments which the planning horizon was seldom more than one

year.

1.3 1970s - Present: Customer Oriented
Beginning from 1970, manufacturing changed rapidly because of recession,

advance in technology, Japan’s competition and customers become more



knowledgeable. In autumn 1973, the lengthy economic recession originally
brought by the oil crisis sparked off by the Middle East war. The dramatic

increase in oil price affected the cost of energy as well as the cost of many oil-

based products like synthetic fibres and plastics.

At the same time, due to the rapid development of communication,
transportation and distribution, global competition took place. The competition
from south East Asia countries especially Japan getting more and more
seriously. The manufacturing firms began to realise that it is essential to

produce goods according to the customers’ needs. (Lancaster 1988)

Although this customer oriented marketing concept started as early as 1950s in
United States, it did not come to serious practice until 1970s. Since then,
customer approach has been adopted as the central business philosophy by
many firms throughout the world. This concept suggests that in order for a firm

to make a long term profit it must ascertain the genuine needs and wants of

specifically defined target markets and then produce goods and services that

satisfy customer requirement. (Jewell 1993)

In order to satisfy the customer requirement, high quality products have to be
produced to increase the competitive edge. According to a survey in 1985,
‘quality’ was ranked as the most impoﬁant competitive edge of UK
manufacturing plant. Similar surveys from USA as well as from Europe

showed similar results that quality has been ranked as the top competitive

weapon. (New 1991)
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-Internal Integration
Japan 1s probably the first country to supply high quality product at low cost.

Beginning from 1970s, several large companies in the States like ‘Ford
Motors™ and “General Electric’ sent their management teams to Japan to look
for the secret of success.  Suddenly, almost all world class manufactures were
adopting some sort of “Just In time’ production system (JI'T). However, they

only copied the techniques, the system and the procedures of JI'T but not the
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(TPM),” are also based on this philosophy. It may still be necessary to have
the functional departments to perform the daily operations, but the management

as well as the labour have to possess the same company objectives and view the

company as a whole.

The traditional specialised departments which carry out different company
tasks do not apply here. This management approach challenges every member
of a company and ultimate satisfaction gained by the customer is a function of
the totality of all company department acting in unison. By 1991, around one-

fourth to one-third of companies have been effective in organising for

functional integration. (Richardson, Trunick 1991)

-External Integration

il

faren@ Ciistomer wants more. They not only require the high quality product at




low price but also at the right time. 1es the major competitivc

~weapon in 1990s. In order to deliver the goods on time and have an immediate

response to the changing needs of the customers, it is vital to keep close
relationships with the suppliers. Companies begin to look at external
integration including supply chain  management, channel integration,

purchasing responsibility, and partnership for strategic alliance.

with the customer. Through the loop flows all material and finished goods, all

information, even all financial transactions. The whole business will be viewed
as one continuous process. The process absorbs such traditionally distinct
functions as forecasting, purchasing, manufacturing, distribution, and sales and
marketing into a continuous flow of business interactions. Functional

departments are structured as a pipeline that stretches between a company s

suppliers and 1ts customers.

Although this theory has been around for more than 20 years but it 1s always

been hard for companies to bring it into being. As the increase in technology in
information systems and the cost of making information available to more
people has steadily gone down while the physical costs of business such as
facilities and inventory have steadily risen, supply chain strategy reached a
point of maturity. Companies begin to realise that its most important concern
was not the management of various functions, but the quality of the service.
Management Tools such as JIT II are always mentioned in nowadays
manufacturing planning for external integration. However, the most important

factor of integration is not the system itself but the people working in the

system. (Distribution, 1988; 1990)



2.0 Change For the Better

The following graph summaries the changes of manufacturing in the last

century.
Human
@
TQM
1920 + o+ v 60 E g ll)()() > Time

Company Productio Sales Customer
Philosophy
Competitive —Costbased ) Productbased , TImobwwd
weapon

Optimisation of . .
d Internal Integration External Integration

Management functional department I I
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1.1 Schematic diagram of changes of manufacturing in the last centur

Kig.

The main areas of change can be summarised as follows:
¢ (Changes in the market

¢ Changes in competition

¢ (Changes in product design

¢ Changes in manufacturing technologies

¢ Changes in management control methods



Manufacturing management changes from optimisation of functionalised
departments to systems approach which integrates various departments, the

whole company, the markets and the suppliers together to provide a better

service to the customers. The achievement of these objectives is clearly
dependent upon a series of company activities working in unison. The key

company functions need to be inter-linked in a more responsive way than

before.

Professor S.K. Bhattacharyya, Head of Warwick Manufacturing Group, on

several occasions, has emphasised that “if everyone works to the same goal and asks

himself at every turn ‘how will this decision affect the profitability of the firm? '’ the chance

N

of success is that much greater.” He feels more emphasis should be placed on the
corporate objective of profitability. He returns repeatedly to medicine for
analogies. The surgeon must look at the body as the total system. “What good is
putting in a new heart if your kidney fails?”. So an integrated approach driven from

the boardroom is essential. (Birmingham Post May 1, 1986)

3.0 Manufacturing Management Education

While the manufacturing management approach in the industry is changing,
universities continue to improve and update their curricula to suit the needs of
the industry. Until 1970, functional 0ptimisati9n was still the key management
approach of the rﬁanufacturers. The course scheme of manufacturing
management in most universities was thus subject-based. A typical course
scheme might include ‘Production Planning and Control’, ‘Project Planning’,
‘Design for manufacturing’, ‘Manufacturing Technology’, ‘Metallic Materials

Selection’, etc. At this stage, manufacturing management education



emphasised mainly on production area. Optimisation of the production cost
was the key function of the production engineers. The true needs of the

customers were hardly taken into account. Since product design was ‘Design

for manufacturing’ and not ‘Design for customers’, there was hardly any

subjects concerning customer needs.

Eventhough within the subject itself, each topic was taught separately. For

example, in a typical ‘Production control and management’ course, topics like
‘line balancing’, ‘facility layout’, ‘inventory control’ and ‘production
scheduling’ were taught by the lecturers individually assuming that there was
no inter-relationships between each function. Operations research techniques
were applied to each individual function looking for the optimal solution.
Since manufacturers believed that the sum of individual optimal solutions result

in optimal total production cost, that was how the course was taught.

In 1970s, while the world industry was busy to understand the concept of
intefnal integration and adopt the changes in their production lines, the
academics were changing their course schemes in manufacturing management.
Academics began to realise that Business and Engineering courses can not be
viewed as two separate entities. As a result, several business and finance
courses were added in the curricula of manufacturing engineering degree
courses. Engineering Business Management (EBM) became the norm of
manufacturing management in which finance, technology and business
management were integrated together. Also, courses like ‘Management of
Integration’ and ‘Total Quality Control’ were introduced to integrate different
functions together. (Lau 1993)



Functional subjects were still necessary to remain in the course scheme to help
the students to understand the detail production operations. Since most of the
optimisation techniques were represented by mathematical models, the
techniques could be easily learnt from lectures and tutorials. However, internal
integration 1S @ management concept or a philosophy which could hardly be
represented by a quantitative model. Other teaching media, like case studies.
simulation games and projects were used by academics to convey this message.
[t is uncommon nowadays to find any degree course without project
requirement 1n their curricula. Although project is one of the best ways to
integrate different functions together, it is time consuming and most students
can only work on one to two projects in a year of study. Projects also place
heavy loading on the supervisor who have to guide the students step by step
through out the projects. Case studies and simulation games are very common

in tutorials. They are quite similar and sometimes, simulation games are

referred as "Dynamic case studies’. However, finding an appropriate case

study or simulation game is always difficult

2. the content of the case studies and
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When time-based production came in place in late 1980s’, courses like
‘Integrated logistic support’ and ° Supply Chain management’ are commonly
found in universities. Although the importance of having good manufacturers-
suppliers relationship is always highly emphasised in production hterature,
teaching this concept of external integration to the students is ditficult.
Telling them what happenyis one thing and making them understanding 1s

another thing. Even with the help of human management courses such as

10



‘Human factors in industry’, teaching human factors is always a headache to

the lecturers. Role-play sometimes may be used but effect is hard to measure.
Although numerous management games and case studies are produced around

supply chain management, human factors are hardly covered in the games.

(Logistics Today 1993)
Although universities try very hard to address each management approach.
‘optimisation of functional department’, ‘internal integration’ and ‘external

[t has to be

integration’ in their course design, they lack total integration.

emphasised that these approaches do not replace each other, they exist at the

same time in a manufacturing company.
d relationships with the suppliers.

e ML

For education purpose, learning engineering business management bits and

o Rdd .
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pieces can make the students understand the detail of the management

gradually.
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4.0 Need for a Hierarchical Modular Integrated Game

Instead of

Although both case studies and simulation games are good effective teaching

tool in engineering business management, however,

1



feedback. In addition, since games are used less frequently than case studies
by lecturers in universities, the potential of simulation games have not been

fully revealed in education and with the help of computer programming, new

game structure can be evolved for better education effect.

There are thousands of educational games available in the market. Even in UK
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in universities or
usiness areasy, They are either
functional games which address in  particular functional areas or total
management games which try to integrate all the important internal aspects
together. A functional area in a business is a specialised activity which
contributes to the overall business objectives, and which are characterised by

distinctive skills and culture. Although the existing games cover most topics in

EBM, they lack integration in between. The students play a functional game in

learning another

are played. Unfortunately, the functional games and the total management
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games are not compatible in either scenarios or parameter settings. They have
no links in between.  The idea of integration is in fact lost in this kind of
integrated arrangement. In addition, a total management game is usually fairly
complicated with 20 or more decisions in each round and the students will take

a long time to get familiar with the game environment.

For the best education results, functional games under the same scenario

should be used in different functional subjects. Then, integration of all these
functional games together become an integrated game where students can

understand the inter-relationship between the functional elements which have
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been considered before separately. Moreover, these set-ups save time for
both students and game administrators because learning does not start until

students are fully familiar with the scenarios. Since the scenario, input and

output formats are similar in each game, the students take less time to enter into

the learning process..(Cheung 1991)

However, to integrate all functional aspects together may seems impractical and
even though the work may be done, it may actually provide adverse effect on
the students since the game will be too complicated to be handled. Also, the
main ideas that the instructor would like to get through to the students may be
lost during the game. So, what functional areas should be integrated together?

It may be true that every aspect of engineering business functions are
important.‘r-,yf_ngfo compare the importance of different functions in engineering
business is impractical if not impossible. Hence, there is no point in trying to

justify what are the most appropriate engineering business elements in a game.

Each functional game has its own objective and a game instructor can only
have limited control over the game scenario by changing the game parameters.
For different subject areas, the instructor chooses different functional games.
In order to satisfy the needs of the EBM education, game authors keep on
writing new management games. It is not difficult to discover that a lot of
effort have been duplicated as similar engineering business elements can be
found in different games. The game authors try very hard to create ditferent

scenarios, select different elements in their games but they never consider

integrating other authors’ games for their own use.
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One way to solve this problem is to establish a standard interface so that all
functional games can be integrated together. Under this standard structure, each

functional game will become a module and by putting different modules

together will form an integrated game. As more and more functional games are

formulated under this standard interface, a library of modules will be formed
for future usage. The way of integrating different games together will become

almost infinite and no more effort will be wasted on defining the same element

by different game authors

Modular structure 1s not something new. It has been used in computer
programming for many years. A module is a ‘library routine’ which can be
used by any programmer in their programs. No one will waste any time to
program a ‘sort procedure’ which can be easily called out from the library as
long as the int<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>