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~ Abstract’

In -ﬁﬁ-ffa'b'étréct discipline like economics it is difficult to find case-studies in the real world that
ditecis thie stadents towards the the'ory. In the natural sciences laboratory experiments are used to
solye this problem. In economics this approach is exceptional and only available for
Mictosconomic theory. For teaching macroeconomics many games are available where the student
has: t'(j:-"maxﬁniie macroeconomic performance in a traditional model of the economy. This type of
gmﬁe}-'i'ﬁstmétéf students in the dynamics of the particular model used. But those games do not
- the‘-_.'u_nderswnding of the microe.:conomic fundamentals of macroeconomic dynamics. For
thig phrbbsé } iri interactive macroeconomic game has been developed that is played on a computer

-~ Detwork. Lo

. The p}éyers in the gam; are firms that produce consumer goods and/or investment goods.
The fipms have to maximize their profits by deciding about their price, wage, labour demand and
investment. Interaction between the decisions of firms determines to a large extent the performance
of the e:w-ndmy; For example, when for some reason many firms increase their investment outlays,
this impliés'mofﬁ_:_ demand for the other players and may induce other firms to invest, too. Then a
very severe hausse emerges. But when the players expect that the extra demand is only temporary,
they may fiot invest so much and therefore moderate the hausse. In this manner the players get an

tuitive - feeling for the relation between decision making of firms and the dynamics of the
acroeconormic system.

'atti_ful to Wim Gijselaers and Charles Power for their comments on an earlier draft of




Introduction

inmuiti i i be
Many non-economists perceive economlcs as an abstract af‘d C(il)]trr?afl;mtl;wt;es C;zﬁizl if;;rxii in
the consequence of the ieaching method: Krueger et al (19 o of the discipline, rather than its
economics teaching, where the focus 1s on' "the gramInar more applications and real world
substance" (p 1041). They suggest. that - we - should mclllde re complex compared with static
linkages in our courses (p 1052).. ‘But such ap_l;ﬂlcatlon aﬁhennore, it is very difficult for
equilibrium theory as taught in mtroductory econon S‘--:F theories. Although this is already
students to imagine the decision makmg processes behind e onomics. In teaching practice,
true for microeconomics, it is ‘even more: di macroecand decision making. For non-
macroeconomics is only margmally related with F ecoﬂ micscesses behind the formulas in
economists it is very dlfﬁcuIt to_ imagine the decision P™
MAacToeconomics. :

Of problem through experiments. But
.. at in research as well as in teaohmg
. experiments in the classroom,”

abo__:Ofybsem The many Inacroeconomic
. : -zinental in character. Macroeconomic

al ‘welfare by manipulating instruments
non the logic of macroeconomic models,
c. king process behind the behavioural
ﬁonshlp of macroeconomics with

simulation games that have been 'develope
games give the players the task of Tryir

of macroeconomic policy. This helps st
but does not improve the understandm' of the

s o

mlcroeconomlc theory

d for the design of the game will be
which influence macroeconom:c change Fxrs from the perspective of the players.
discussed. Then the structure of the. gan Caie: . interpretation of the results of the
The next section summarizes some results of the gam ; .ectl()ll shows that the game is a
game requires systematic training of the st 2
prototype of a famzly of games"th”

putting economic concepts 'nto'practlc

- to recognize the mterdepend ceof

- 10 show the microeconomic decision

- to show the role of expectations of hui

- to show that understandmg __macro"co
firms. .

omic theories,
Toeconomic dynamics;
1 for strategic decision making of

3al economy. Because the decision
economic dynamics, the players
t, consumers and labour unions

The macroeconomlc game Tepres
making of firms is a central factor in: :
represent the firms in the economy The Cenh' '

e T Well 1991).
* For example Williams and Walker (1993) yells (199D
? For example Gremm.eﬁ(1'989§,-"S'_.c'o:tt(lsg‘g

* The game is also used in experimental researc




Figﬁ = 1. The game is played on a computer network.

are simulated by the cc:}tral computer of the game leader. To keep things simple, the firms produce
homogeneous output WIth machines and homogeneous labour. The computer model divides this
output over machines and consumer goods.5 Independently from ecach other the players decide
about investment, labour: demanq, price and wage. Because the focus of attention is on the
coordination problem, no-a prior{ equilibrium is enforced on the markets. For example, when
national demand I8 lowel_'_'than national production, the stocks of the firms rise, somet‘rﬁng’that is
st textbook‘s_-_..The ﬁmag may try to decrease those stocks by lowering their price. Or
they may decrease production by firing employees. Because the effect of those decisions depénds
on the decisions of the O.ther players, it is very important that the information about the decisions
of the other players is ql_llckly available. Therefore, the decision period in the game has to be short;
a decision period of a m_qr}th seems a reasonable approximation of the delay of information in thé
real world.
Because MAacroeconomics deals to a large extent with long term developments, we require
that students experience at'least two business cycles (i.e. about 14 years). This implies that one
e consists of about 1_6_3* decision periods. In order to play such a game in a reasonable time, it
to do it in_tf;}‘actively, ie., on a computer network. In the game one month )of

ignored in mo

gam

is necessary

_

5 Iy a more advanced Version of the game the players are divided in producers of machines
and producers of consumer 20ods.




-simularign time is about one minute in real time. Such a short decision period implies that the
consequences of strategies of the players will become visible already after two hours of playing.

In summary, the game is an interactive simulation of an economy consisting of
dependent firms, It simulates about two business cycles divided into monthly decision periods.
e behaviour of the economy is mainly determined by the decisions of the players.

intuitive explanation of the game

5 start e game with the decision screen (table 1). This screen is used to change values of
our decision variables (i.e., wage, labour demand, price, investment). The player can change
variables at any moment he likes. The values of the decision variables at the end of each
1 (see the bottom left of the decision screen) are used to compute the results. The most recent
$ of the most important results are presented at the right side of the decision screen. By

g "other options” the player can investigate the development of more than eighty variables,
hich are the consequence of the decisions of the players.

policy actwal minimum wage per month: 1425.00

average wage per month {-2): 1500.00

uncmployment (%) (-2): 5.00

1500 1500 average price (-2): 2.48

1000 1000 price machines: 267857

2.48 2.48 delivery time machines (months): 9

0 0 interest (% per year): 491

10 10 infilation (% per year) 2.11

sales per month (-2): 757149

production per month(-2}: 757149

stock of products (-1): 378574

number of machines: 100

ordered machines: 8

utilisation rate labour (%)(-2): 100

number of employees: 1600

profit margin in % price: 279

_ equity capital (x1000) (-1): 10034

ch of year 1 av. own. cap. (x1000) (-1): 10034
lended capital(x1000) (-1): 4430
market share (%) {(-2): 100

decision screen.

rs are asked to maximize long term profits. In practice this implies that they
he value of the firm at the end of the game. Part of this value consists of equity
f the game. This is presented at the bottom right side of the decision screen,
S that the presented value is from last month. The other part is summarized as
d indicate the net present value of future profits. Market share is used as the
'goodwill". Market share is presented at the bottom right side of the decision
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In order to play the game effectively, the players must translate the abstract goal of long
term profit maximization into more operational goals such as sales, utilisation rates of capital and
labour, a profit margins and stocks. Some useful information about those variables of strategic
relevance, are presented at the middle right part of the decision screen.

’ For effective decision making players need market information. The upper right part of
the decision screen shows some useful information about the labour market (unemployment,
minimum wage and average wage), the output market (average price), the price and delivery time
of machines, and the cost of credits {interest and inflation rate).

Before the game starts, the players get some information about the effects of their
decisions. The wage rate per month is the first decision variable. When a firm has a higher wage
rate than the average player, it becomes easier to attract new employees from other firms.

Employees can be hired and fired by changing the second decision variable, labour
demand. When labour demand is lower than the actval number of employees, requests for
dismissal are executed, but it requires three months before the employees are fired. When labour
demand is higher than the actual number of employees, vacancies are created. It requires at least
two months to fulfil them, but when the unemployment rate is low and the wage rate is not higher
than the wage rate of other firms, one may not be able to attract new employees at all.

Because machines have a limited capacity, it is obvious that it is only useful to attract
new employees when enough machine capacity is available. Otherwise, some employees will not
be productive. Then the utilisation rate of labour will be less than 100%. The players may cither
fire employees by lowering labour demand or buy new machines.

When a firm employs less labour than can be used productively, the utilisation rate of
machines is less than 100%. This implies that the firm can expand production by attracting more
labour. When unemployment is low and the wage rate of the firm is low compared with that of
other firms, it will be difficult to attract new employees. Then one can only attract new labour by
setting a higher wage rate.

Price is the third decision variable. When price of a firm is lower than average price in
the economy, a firm can attract new customers. But when demand is higher than production plus
stock, the firm will not be able to satisfy the demand and the customers will move to the
competitors. In such a situation a firm can increase its profits by rising its price. But when the
utilisation rate of capital is lower than 100% the firm may expand production by attracting new
employees. When the utilisation rate of capital is 100% one can only expand production by
investment in new machines.

Investment in machines is the last decision variable. The delivery time of machines
depends on demand and supply conditions of the machine producing industry. All ordered
machines that have not been delivered yet are presented at the right side of the decision screen.
When a firm orders a machine, it can choose the type of machine. This is defined by the maximuam
number of employees that can be employed. After 100 months of production machines have to be
replaced. An option for automatic replacement of those machines is available.

This sketch of the game economy defines the most important features of the game. It
shows that it is possible to give an intuitive explanation of the game. With the help of this
information the players can play the game in a reasonable manner. Evidently it requires a lot of
training before players are able to develop a sophisticated policy.

Some results of the game

When the players start the game they first have to become familiar with its principles. First, they
must learn to change the decision variables. Then they may create some graphs to compare their
business performance with that of other players. Finally they may focus on the macroeconomic
results and its consequences for their decisions.
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Figure 2. Equity capftal and stock of firm 1 compared with the average playef,

Figure 2 shows an example of a business performance analysis. It shows that during the
ecession that started in year 4, equity capital of firm 1 decreased less than on average. The lower
art of figure 2 gives the suggestion that the better performance can be explained by a smaller
tock, When the player has this hypothesis, he may investigate the cost of stock, and may
estigate graphs about its relative price and production to explain the better performance with
pect to its stock.

. The decisions of the players determine the development of the business cycle. Table 2
Harizes the dynamics of the business cycle in a game played by law students. During the first
of the game some players decided to expand and therefore ordered a lot of machines. This
ed a high level of demand for machines. Therefore, firms could sell their products easily, and
that the stock of output declined from 2697 in year 1 till 204 in year 2. This high level of
“encouraged firms to expand further. Therefore, in year 2 a lot more machines were
‘than in year 1. This implied a further rise in aggregate demand and consequently all firms
ut of stock in year 3. When the new machines were delivered in year 3 and 4, all firms tried
ct employees. But they were not able to get them because the unemployment rate was low
ral rate of unemployment is about 5% in the game), The shortage of labour is shown by
ative rate of structural unemployment, When this problem of overinvestment was
d, most players decreased their investment demand. As a consequence aggregate demand
angd a severe recession emerged,

The first part of the recession was necessary to solve the problems generated by the
tment in the first two years of the game. But even when in year 8 the structural problem
€d, the firms didn’t invest; they couldn’t sell enough. But ironically the cause of this low




s B year o ; réal : ordered stock of utilisation unempl%  struct
0 national - machines  output rate of unempl%
L ~income capital
1 62436 2697 95.85 8.32 -0.83
2 63089 204 96.14 5.23 .3.63

3 62800 0 92.90 4.63 7.46
4 54821 . 44, 3543 80.16 4.59 -11.26
5 54122 - 30.00 12107 87.44 4.53 -13.03
6 55777 - 38.00 19880 89.67 5.52 9.82
7 55514 . 15.00 21897 85.93 12.96 -6.11
8 50451  13.00 17574 73.27 38.91 7.18
9 45591 - 18.00 7588 77.41 35.89 8.30
10 47807  84.00 3109 93.42 28.14 16.57
11 36648 132.00 0 93.30 41.88 30.18

Table 2, Simulated macroeconomic outcomes: cyclical and structural unemployment over

¢leven "years"

level of demand was the low level of investment. It was difficult to break through this vicious
circle generated by self-fulfilling pessimistic expectations. The high level of unemployment in year
8 and 9 suggests a typical example of Keynesian unemploymen.

This sketch of some aspects of an economy of novice players shows how incorrect
expectations and short term decision making generated a business cycle as well as severe structural

problems. Games with more experienced players are more stable.

Some educational results

The game has been played by'- students 6in faw, culture, business administration and economics.
Participation in the game was voluntary.” Students could play twice, but not everyone did. The
students who did were very satisfied about it. The average response to assessment questions like
"The game is interesting"”, "I learned a lot of the game" and "Such a game has to be repeated” was
- about 4.2 on a scale of 5. i
00 The students who played the game twice had a significantly higher score on an economics
o exam ?1'f_.t¢'1"- the game (the score of the players was more than one point higher7 both in 1992 and
. 1993, where the difference was most significant for questions that required the ability to apply
.- knowledge and not significant on questions that required detailed knowledge). Because one cannot
expect -IiiaYing a game two half days has significant influence on a test about knowledge of
af;i__ﬂ_iis:_result suggests a Selection effect: only the best students enjoyed the game so much
layed the game till the last session. For 1992 this interpretation is reinforced by a
sitive correlation between the test score and the ability of students to improve their
th game This co}frelatjon was especially strong for the analytical questions in the

.4__."'; will be an obligatory part of the study in economics and business
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test. In 1992 only the more analytically gifted students seem most able fo appreciate the game and
profi frognh:ge 1992 the game has been improved by the afidition of accompanying exercises. This
may explain why in 1993 the munber of players who finished the game dou.bled compared with
1’992_ Furthermore, the correlation between the test scores and the ability to improve the stratcf,gy
during the game was absent in 1993. This suggcgts that we have been sucgessful in empowering
the less talented students to play the game intelligently. A thorough educational design is a sine

qua non for a good game.

The future

i f the elementary game is finished. The game will become available at
tA}:a tglif Ig? T;;;_as%rgg ngv ?)ptions will be imroduceq. First, a facility fqr progfamming automatic
policies will be introduced. Second, interactive exercises and help functions will be a@ded to Fhe
application. Third, the firms in the game may become more cgmplex, for example by mtrodpcmg
tesearch and development, or adding some new marketing vanablc.s. Fourth, more sectors will be
_introduced (a version with investment goods and consumer goods is almost finished), Fifth, more
:T}’pes of actors will be developed. For example, commerm?l banks, a stock market, a govemment, a
“Ceniral bank or labour unions can be developed. In this manner the game can be adapted to

different levels of difficulty.
."ii'}al remarks

this paper a game has been developed for simulating the cqordination of be‘:h_aviour in a closed
c'rbeconomy. This game is different from.othcr games in that the decisions of the firms
ermine to large extent the macroeconomic performance of the_ game. Beca‘use t.he players
o le  about all the variables that are important from a Macrocconomic point of view, it will help
understand the decisions behind the macroeconomic modc?ls. Furthennpre, becau§e
vledge of macroeconmics helps players increase pr(?ﬁts by makmg better microeconomic

ns, the game motivaies to investigate MAcroeconomic dynamics. But to reacl‘l those r_esults,
remember that training of players combined Wlﬂ.l structured feedback is essential fgr
fs. When one likes to develop more complex versions of the game, one has to keep in
hat it is only useful to do s0 when the players understand clearly the principles of the basic
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