Simulation as an aid to

build a management e x pert system

Henk de Swaan Arons 1

Robert D. Menko, Niels Stout and Rob Willemsen 2

Erasmus University Rotterdam

PO Box 1738, H4-21

3000 DR Rotterdam, The Netherlands

email: deswaanarons@few.eur.nl

Abstract

Managers have to make management decisions many times a day. These concern matters such as price setting,

development and marketing of new products, expanding or reducing the sales force, increasing or decreasing

research activities, etc. This kind of decisions is mainly based on numerical data (turnover, market share and

many financial ratios), but the manager’s knowledge of and experience also plays an important role. In this

paper an attempt is made to capture this kind of knowledge in the field of industrial marketing and to use it in

an expert system. To assess the quality of such an expert system it has participated in a management game

competing against a number of MBA st u dents.

Keywords : decision support systems, expert systems, management game, simulation, marke t-

ing

1. Introduction

Characteristicallythe problems that managers face are often complex, managers have onlyli m-

ited information concerning alternative solutions and the outcome oftheir decisions involves

some degree ofuncertainty. On top ofthat, bad decisions can lead to enormous extra costs. In

order to reach a sensible decision, a manager mayuse a varietyofdecision making tools. Co m-

puter based tools playan important role in this context. Earlyattempts at using the computer

to solve management problems were aimed at `eliminating´ the manager. This led to programs

based on mathematicaloptimization procedures that were not used bymanagers in the field.

Since then more attention has been paid to the subjective judgment and feeling ofmanagers

themselves. Todaymanagers make use ofdecision support systems, management information

systems and also increasinglyofknowledge-based or expert systems. Because ofthe nature of

the knowledge that managers use to arrive at their decisions, expert systems would seemwell

suited to capture this know l edge:

- a large part ofmanagement knowledge is qualitative rather than quantitative in nature and

consists of rules of thumb,

- many problems are complex enough to require expert knowledge,

- a large body of knowledge is available in textbooks or can be made explicit

Untilnow though, few expert systems have been developed for management and marketing

problems. Ofthe existing systems, that are largelystill in a prototype phase, most are set up as

a diagnostic instrument. The decisions themselves are left to the manager.

The smallnumber ofexisting expert systems in marketing covers various sub-branches. In

1 Dept. of Computer Science

2 Dept. of Marketing

[Wierenga, 1992] 27 ofsuch expert systems are enumerated: sales promotion (7), following

market developments and report generation (5), advertisements (4), media planning (3), new

product development (3), automated data analysis (2), negotiating (1), determining strategies

(1) and prediction (1). According to [Walden, 1992; Mentzer and Gandhi, 1993] the field of

marketing and, more particular, that ofindustrial marketing is promising with respect to the

development of expert sy s tems.

For the field ofstrategic marketing management even less expert systems have been developed.

Wierenga refers to onlyone systemgiving strategic advice. Walden has developed an expert

systemfor strategic marketing and Van Bruggen [Bruggen, 1993] applies in his research pro j-

ect a marketing expert system developed by hi m self.

In this paper we willdescribe an expert systemfor industrial marketing, that is not onlyan i n-

strument for analysis but can advise a manager as to what actions to take and offer hima se c-

ond opinion. The expert systemhas been designed and tested using a management game, also

called management simulation.

In the first section we willdescribe some aspects ofindustrial marketing, the concept ofcrea t-

ing a competitive advantage and the strategic marketing proces s. In the second section we will

formulate a basic strategyand show how it can be formalized to fit the needs ofan expert sy s-

tem. Next we discuss the performance ofthe expert systemand in the last section we willpre s-

ent our concl u sions.

2. Industrial marketing

Industrial versus consumer marke t ing

Instead ofconsumers, the customers ofan industrialorganization are other companies. B e-

cause ofthe usuallylarge number ofpotentialcustomers the focus ofattention in consumer

marketing lies on bringing about a single transaction, followed up byrepeat purchases. For

severalreasons the industrialmarket has always been much more relation oriented. In industrial

markets the number ofcustomers is smaller but the orders ofeach customer are much larger.

For the production ofthe end product, customers depend criticallyon their suppliers. Constant

product qualityand reliabilityare therefore often more important then cheap bargains. The idea

to manage the relations in industrial markets has been the beginning ofindustrial marketing.

Although there are some differences, manyprinciples fromthe consumer marketing also apply

to industrial marketing.

Today´s importance of research and development

Since the earlyseventies big changes occurred in industrial markets. The internationalcomp e-

tition increased, markets became more fragmented and more demanding. New technologies

that emerged grew out ofdate with increasing speed. Consequently, companies focused more

and more on new product development and product technologies. To survive in a competitive

environment product and process development have become necessaryconditions. In this

sense, a good R&D program is a competitive advantage [Clark and Wheelwright, 1993].

Creating a sustainable competitive advantage

According to Porter a companymust, to be successful, create a sustainable competitive adva n-

tage [Porter, 1985]. In some wayor the other a companyhas to distinguish itself fromco m-

petitors bybetter meeting the demands ofthe customers than the competitors do. There are two strategies to achieve this. The first one is called cost leadership, wherebya companytries

to minimize the costs ofthe production process. The second strategyis product differentiation,

wherebya companyaims to offer a product that better meets the customer´s demands. The

latter often results in offering various variations ofthe same product, each variation directed

towards one or more groups ofcustomers. Naturally, bythis approach the advantages ofscale

ofmass production are lost. Based on the competencies ofthe companyand the type ofmarket

in which it operates, the manager selects one or a comb i nation of both strategies.

The strategic marketing process

To structure the decision making, that must lead to a sustainable competitive advantage, the

strategic marketing process has been developed [Kotler, 1991]. Schematically, the strategic

marketing process can be considered as a number ofconsecutive actions: analysis ofthe ma r-

ket, market segmentation, selecting the target market, taking position relative to the compet i-

tion (positioning) and determining the marketing mix (product, price, promotion and

distribution).

3. A basic strategy

In a previous section we discussed some aspects ofindustrial marke ting and the consecutive

steps ofthe marketing management process. In this section we willdemonstrate how a basic

strategyis formalized into a number ofproduction rules. A more detailed discussion ofthe e x-

pert systemcan be found in [Stout and Willemsen, 1996]. First we willbrieflycharacterize the

strategy, later on the various components will be discussed more exte n sively.

Innovation and market oriented product deve l opment

We discussed before that a company´s success in a competitive environment depends on the

degree in which it succeeds to create a sustainable competitive advantage. To achieve this we

have chosen for a strategyofproduct differentiation. We think that the best wayto build a

strong relation with our customers is to offer products that better satisfythe needs ofcusto m-

ers than competing products. This idea has been translated in a strategycontaining three key

elements:

- developing completely new products,

- developing better products and

- developing new technologies.

In order to take advantage ofthe various needs ofthe groups ofcustomers when developing

new products, we have segmented the market based on the type ofindustrythat willapplythe

product. The idea behind this, is that a strong correlation exists between the type ofindustry

and the needs ofcustomers with respect to the physicalcharacteristics ofthe product, whereas

there is a less strong correlation between these needs and, for example, the company´s size or

its location.

Formalizing the management process

We have simplified the strategic marketing process described above and reduced it to the fo l-

lowing seven steps:

1. product assortment analysis

2. target market selection

3. positioning of new products

4. research and development

5. product management

6. sales and technical force management

7. budget allocation

For programming purposes, we have divided alldecisions into those that have financial impl i-

cations and those that do not. The first six steps concern management decisions that put no

burden on the marketing budget, the last step budget allocation covers alldecisions that do.

We have formalized the decisions in each area using so-called production rules . These are

if...then...-statements that can be programmed in an expert system. After each step we give one

or more examples of such production rules.

Product assortment analysis . Our strategyis to develop a superior product for each market

segment. Each period we develop onlyone new product to focus the attention ofthe R&D d e-

partment. In order to determine for which segment we should develop a product, we check

which segments are alreadyserved byone ofour existing products. We saythat a segment is

served when at least one physicalcharacteristic ofa product we market, matches the needs of

this segment. The needs ofeach segment, translated in product characteristics can be procured

by market research.

Example: If the value ofat least one physicalcharacteristic ofone ofour products comes close

enough to the value preferred bya certain segment, then this segment is served based on this

characteristic.

Target market selection . The choice ofa target segment depends on the question whether or

not we distinguish ourselves fromour competitors bya specialtechnologyand on the attra c-

tiveness ofa segment in terms ofsize and growth. Ifwe have a specialtechnology, we d e-

velop a product for the segment whose needs are most difficult to satisfywith inferior

technologies. In case we do not have such a technologicaladvantage we simplydevelop a

product for the most attractive segment.

Example: If we do not have a technologicaladvantage, then we target the most attractive

segment.

Positioning of newproducts . We position a new product as the best (physical) product for the

target segment we have selected. Within the limits ofthe technologies that are available to us,

we set the value ofthe physicalcharacteristics ofa new product as near as possible to the pr e-

ferred value ofthe target segment. To determine this ideal value ofthe target segment, a ma r-

ket research study is o r dered.

Example: If a target segment has been selected to develop a new product and some idealvalue

ofthe target segment cannot be met byour technology, then we set the value ofthis characte r-

istic ofthe new product as near as possible to the idealvalue and we set the value ofthe r e-

maining characteristics at the ideal value of the target segment.

Research and development . To enable us to develop excellent products, we spend great efforts

on technologicalresearch. Development ofcompletelynew technologies has priorityover d e-

velopment ofnew technologies for existing product groups, because we expect a higher return

fromtotallynew products. When a new product has been positioned, the values ofnon-

important product characteristics and the production costs are set.

Example: If we alreadypossess a technologyto make a completelynew product and we do not

have a technologyto improve our existing product assortment, then we invest in this last tec h-

nology.

Product management. For each product we set the value of the following variables:

- product name,

- production,

- list price,

- maximum price discount,

- sales force commission,

- allocation of technical support.

The production depends on the number ofunits sold in the last period, the growth rate ofthe

target segment for which it was developed and the ofinventorylevel. The list price, as we do

not use price as an instrument to position our products, is onlyadjusted for inflation. To avoid

pricing our products out of the market we have instituted a price ceiling.

Examples: If there are still items ofa product left in inventory, then the production is set at a

levelequalto the units sold in the last period increased bythe expected growth rate ofthe ta r-

get segment minus the number of units in inventory.

If a product is new and there are no similar products, then the production willbe set at a very

highlevel.

Sales and technical force management. This step concerns the waythe sales force and techn i-

calforce are organized (bygeographicalregion, account size or industry) and the attention

theygive to the different market segments. As long as we have few products targeted at a

specific segment we organize our sales and technicalforce byregion to keep travelcosts low,

ifwe do have enough specific products, we organize thembyindustry. Markets are segmented

on a macro and a micro level. Macro segmentation means segmenting the market according to

region, account size or industry, micro segmentation is done at the levelofthe decision ma k-

ing unit . When a companydecides which products to buy, different managers in an organiz a-

tion have some sayin the decision making process. To increase our sales we focus our

attention on the managers with the largest voice.

Example: If we have few products targeted at a specific segment, then we organize our sales

and technical force by geographical r e gion.

Budget allocation. This last step covers all decisions that have financial implications:

- sales promotion and advertising

- size of the sales and technical force

- training expenditures for both sales and technical force

- corporate communication

- investment in new technologies

- product development budgets

- marketing research expenditures

First a proposal is made, that states the amount of money to be spend on each decision area.

Examples: If a product is new, and there are no similar products, then a large amount of

money will be spend on promotion and a d vertising.

If total sales have increased, then additional salespeople are hired proportionally.

Secondlythis proposal is compared to the marketing budget actuallyavailable. Ifthere is a

surplus it is spent on the most important areas and ifthere is a shortage, the moneyis taken

fromthose where we can best afford it. This allocation ofthe difference between the proposal

and the actualbudget is done according to a list ofpriorities based on our strategy. For exa m-

ple development ofnew technologies and products are most important and promotion and a d-

vertising expenditures are seen as less important (but not unimpo r tant!).

Examples: If there is a surplus and the amount is smaller then the totalamount ofmoney

needed to develop a new techno l ogy, then we invest the surplus in technology research.

If there is a shortage and the amount is less then we spend on increasing our sales and our

technical force, then we hire less new e m ployees.

4. Evaluation by simulation

Based on the previouslyformalized marketing strategyan expert systemhas been developed.

To test the expert systemon its management potentials we had it compete against human o p-

ponents in the industrial management game Industrat [Larréché and Weinstein, 1988].

A management game is a learning toolthat offers a simulated economic environment in which

participants run a business and have to compete against each other. Although the game is only

a simplified version ofreality, it obeys economic laws as much as possible and is complicated

and unpredictable enough to demand the same high levelofdecision making as would be r e-

quired in a real situation.

Compared to a reallife test the use ofa management game to test an expert systemhas several

advantages. Apart frompracticalconsiderations that favor the use ofa simulation (such as

lower research costs), a management game offers a closed environment with a limited number

of variables that makes it easier to determine the effectiveness of the expert system.

A brief description of Industrat

In Industrat five companies compete against each other. Allofthemproduce and market a raw

materialcalled Korex. In the starting position each companymarkets four different Korex

brands. In subsequent periods this number can be changed byintroducing new products or by

phasing out obsolete products.

Each Korex product has four physicalcharacteristics: resistance, suspension, frequencyand

density. Ofthese characteristics onlythe first two are relevant to the customers. Each chara c-

teristic can have a range ofnumericalvalues. Products differ (physically) fromeach other in so

far as they have different values for each of the cha r acteristics.

Different groups ofcustomers (market segments) have different preferences concerning the

value ofthe resistance and the suspension ofa product. A companycan increase its sales to a

certain group ofcustomers byproducing a Korex with characteristics close to the group´s

preferred value. To determine the preferences ofdifferent segments, market research has to be

carried out. The range ofvalues attainable however is limited bythe technologies that are

available to each company. Due to technologicalrestrictions it maynot be possible for a co m-

panyto exactlymeet the needs ofa market segment. To expand the range ofvalues a company

must develop new technologies. Apart fromthe physicalcharacteristics the price also plays a

role in determining the preference of customers for a certain product.

Each companyhas the opportunityto develop a second product class called Lomex. This is

also a raw materialand is marketed in the same wayas Korex products. The sales ofLomex

and Korex do not influence each other, theyare no substitutes nor complementarygoods. The

physicalcharacteristics ofLomex are: convexity, conductivity, purityand maximumenergy.

Similar to the Korex product, only the first two are relevant to cu s tomers.

Industrat is played over a series ofa maximumof10 sessions. In each session, the participants

have to make decisions in five areas:

Product management : for each product choices have to be made concerning production vo lume, price, maximum discounts, etc.,

Sales and technical force management : hiring and firing of sale and technicians,

Corporate marketing : to promote the name ofthe firmas a whole (instead ofits individual

products) a certain amount of the budget has to be spend on corporate communic a tions,

Research and development : what new technologies and products must be developed.

Market research : which information is useful, and which can we do without.

In order to make the right decisions the players ofIndustrat have the following sources ofi n-

formation at their disposal:

Company report : this is handed out to each teamat the end ofeach period and contains for

example the quantityofproducts sold, the profit, the available resources in the next period and

the product characteristics of the competing pro d ucts,

Market research studies : these are provided on request and contain more detailed information

on the performance of pro d ucts, markets and the competition,

Decision support system : this tool is used to present the available information in a more co n-

venient way(for example, based on a regression analysis the preferred physicalqualities of

each end user segment are calculated).

Because some decisions cost moneyallparticipants get an initial marketing budget. During the

game the budget willdepend on the performance ofthe companies. Allfive companies start

fromdifferent initialpositions but allhave an equalchance at winning. At the end ofthe last

session the winner can be determined bycomparing for example the totalprofit each company

has made or the market share of each co m pany.

The game is led bythe administrator , usuallythe professor who gives the course. His function

is to process the results each time the participants have made their decisions. He maydecide to

offer loans and decides whether or not to allow licensing between companies. He can also fine

companies that cheat.

Putting the expert system to the test

To evaluate the performance ofthe expert system it has fullyparticipated in the industrial ma n-

agement game Industrat . Instead oftrying to mimic a manager in a realworld situation, the

objective ofthis experiment has been to successfullyreplace one human player byan expert

system. For the experiment to be considered a success the expert system must achieve an ave r-

age or above average final ran k ing.

Industrat can onlybe played with five teams. For organizationalreasons two games were

played in parallel. In each game three human teams took part and an expert systemas fourth

player. Consequently, to each game one more teamhad to be added: the administrator playing

a short term strategy.

The first five teams played in a game called Industry A , the others in Industry B . The games are

played independentlyin industryA and B and the activities in one game do not influence those

in the other game. In industryA company3 was played bythe expert system, in industryB

company4 (A3 and B4, respectively). In both industryA and B the dummycompanyplayed by

the administrator was company5 (A5 and B5). This has been done to make a comparison b e-

tween both games more conve n ient.

The human participants were MBA students ofthe RotterdamSchoolofManagement with

practical experience in business manag e ment.

The communication between the players and the management game was done off-line and the

other (human) players were unaware of having an expert system among them.

The transfer of data from the management game to the expert system was done by hand.

5. Results and conclusions

Both companies played bythe expert systemhave performed properlyand their decisions are

understandable. Both have achieved the objective to at least performat an average level. It is

difficult to saymore about their finalposition. Industrat offers a number ofassessment criteria

and the performance ofeach companydepends on which criterion is observed: market share,

turnover, net profit, cumulative net profit, etc.

0

10

20

30

40

50

60

70

80

90

Net Profit

Industry A

Legenda

Period

Millions of Dollars

Company 1

Company 2

Company 3

Company 4

Company 5

1 2 3 4 5 6 7

In the figure above, the results ofthe five companies in IndustryA are displayed with respect

to the net profit. After period 4 the expert systemsucceeded to take the first position. At the

end ofthe game (period 7) it has achieved a second position. The large increase in profit of

companyA3 in period 3 must be attributed to the first introduction ofa Lomex product. In the

next period the competitors also introduce Lomex products and therefore the profit drops

again. In IndustryB the success ofthe expert systemwas less striking but it ended in a close

finish on a third position. When an other criterion is considered, such as cumulative profit, it

finished first (A3) and third (B4).

Although it was carried out in an artificialeconomic world this experiment has demonstrated

that it is possible to applyan expert systemto advise a manager in making management dec i-

sions.

6. Literature and references

[1] Bruggen, G.H. van (1993), The effectiveness of marketing management support systems:

an experimental study, Delft: Eburon Pu b lishers.

[2] Clark, K.B. and S.C. Wheelwright (1993), Managing New Product and Process Deve l-

opment, New York: The Free Press.

[3] Kotler, Ph. (1991), Marketing Management, Englewood Cliffs, New Jersey: Prentice

Hall.

[4] Larréché, J.C. and D. Weinstein (1988), Industrat: A Strategic Industrial Management

Sim u lation, Englewood Cliffs, New Jersey: Prentice Hall.

[5] Mentzer, J.T. and N. Ghandi (1993), ^ Expert systems in industrial marketing ~ , Industrial

marketing management, 22, New York: Elsevier Science Publishing Co., p. 109-116.

[6] Porter, M.E. (1985), Competitive Advantage, New York: The Free Press.

[7] Stout, N. and R. Willemsen (1996), An expert system for industrial marketing, Master

thesis (in Dutch).

[8] Walden, P. (1992), Expert systems in strategic market management, Abo: Abo Akademis

Förlag.

[9] Wierenga, B. (1992), Knowledge based systems in marketing: purpose, performance,

perce p tions and perspectives, working paper, Rotterdam School of management.