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Abstract: The paper deals with the new methods of teaching and self learning of system
dynamics character of subjects of education and research with special focus to a class of
social and economic sciences. Virtual ‘story-telling’ is a new method of explanation and
electronic exposition of models of complex dynamical phenomena emerging in real
economies based on combination of simulation methods, evolutionary animation and
programmed learning. System dynamics approach using storytelling helps understanding a
multitude of complex behaviours arisen in contemporary economy. Method is advantageous
first of all in situations where explanation of complex phenomena is required too
sophisticated mathematical tools. Using those simulation (numerical) tools is also
beneficial as introductory phase before exact and/or explicit mathematical analysis of
complex, system dynamic phenomenon. Evolutionary and system dynamical approach to
using method of “storytelling’ helps students and other users in acquisition of better and
more perpetual knowledge’s about entities with system dynamic properties. Compared with
storytelling based on PowerPoint that kind of virtual simulation based storytelling have a
number of rewards among others but not least that those method are promoting of system
dynamic reasoning, which guided participants in creative manner on path from mental
modelling of reality in verbal terms to cybernetic modelling and via numerical simulation
to building mathematical formalism of actual phenomena. The story building in
appropriate software helps to improve architecture of knowledge’s a creation of tacit
and/or codified theories of a matter. The author illustrates using of that method on few
examples selected from the class of economic sciences. ICT and experimentation in virtual
laboratories may have a great impact on effectiveness, quality and perpetuality of
knowledge acquisition in university level of education.

Keywords: ICT and artificial intelligence in education at university level, Virtual
storytelling, evolution and system dynamics of story, models of evolving reality, advantages
of experimentations in virtual laboratory and of conversion to virtual story, economic
storytelling examples
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1 Introduction — The Sense, Scope and Methods of
Economic Storytelling

In education and research there are a large set of complex problems that is very
pretentious for analysing them by traditional and easy methods. A lot of them they
have system dynamic character and evolutionary nature. Several part of system
dynamics is nonlinear. In such situations the problem solving needed sophisticated
mathematical tools for achieving relevant results. Unfortunately not all student
and researcher is able in any cases of problem solving use advanced mathematical
and/or analytical tools with higher or at least satisfactory level of success.

The progress in ICT and advance in cybernetic and applied informatics helps in
many cases solve such problems, at least in preliminary stages without perfect
mathematical erudition. In this paper we deals with the new method of teaching
and self learning of system dynamics character of subjects of education and
research. Virtual ‘story-telling’ is a new method of explanation and electronic
exposition of complex dynamical phenomena based on combination of simulation
methods, evolutionary animation and programmed learning. Method is
advantageous first of all in situations where explanation of complex phenomena is
required too sophisticated mathematical tools. Using those simulation (numerical)
tools is also beneficial as introductory phase before exact and/or explicit
mathematical analysis of complex, system dynamic phenomenon.

Evolutionary and system dynamical approach to using method of ‘storytelling’
helps in acquisition of better and more perpetual knowledge’s about entities with
system dynamic properties. On virtual simulation based storytelling have a
number of rewards among others but not least that those method are promoting of
system dynamic reasoning, which guided participants in creative manner on path
from mental modelling of reality in verbal terms to cybernetic modelling and via
numerical simulation to building mathematical formalism of actual phenomena.
The story building in appropriate software helps to improve architecture of
knowledge’s a creation of tacit and/or codified theories of a matter. The paper
illustrates using of that method on few examples selected from the class of
economic sciences.

We show that learning through simulation is the next dimension in quality
improvement of research and education. Simulation modelling offers several
distinct gains in learning opportunities beyond traditional quality improvement
tools. A simulation model captures complex, multivariate system components and
replicates system operation in compressed time. The visual aspect enables
researchers and students to ‘see’ the effect of proposed changes and thus
eliminates much of the fear of failure typically associated with change. Most
important, simulation permits design of a total solution, addressing interactions of
all system components.
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In contemporary economies there are arisen multitude of system dynamic and
evolutionary phenomena and complex behaviours of economic agents and
institutions and organisations. System dynamics approach using virtual
storytelling based on numerical simulations helps in analysing and in explanation
for better understanding socio-economic evolution. Some of the most known
complex behaviour is business cycle. Cyclical behaviour in developed economies
emerged in 19" century was investigated by several economist in classic period of
political economy and in modern economics too. One of very interesting reason
determining emergence of cycles in economy is the contradiction among employer
and employees. This problem is known as class struggle and was originated by
Carl Marx. Richard Goodwin solved this task by analytical mathematical methods
in system dynamics setup. Such approach requires high level of mathematical
erudition and special skill. In this essay we suggest more direct approach based on
numerical experimentation in PC. For this purpose we explicitly uses very
effective software named STELLA developed in ISEE Systems Company.

2 Economic Problem Statement in Virtual
Storytelling

Storytelling:
Passport to Success in the 21% Century

Why is there a resurgence of interest among today's business and organizational leaders in
the ancient art of storytelling at a time when electronic communications might seem to
make it obsolete? Human beings have been communicating with each other through
storytelling since we lived in caves and sat around campfires exchanging tales. What is new
today about the art of telling stories is the purposeful use of narrative to achieve a practical
outcome with an individual, a community, or an organization. Four of the world's leading
thinkers on knowledge management explore how storytelling will become the key ingredient
to managing communications, education, training, and innovation in the 21st century.

Smithsonian Associates 2001

Virtual Story-telling is integral system approach combining verbal explanation of
problem with cybernetic modelling, numerical simulation, programmed learning
and mathematic analysis. In first sight is similar with PowerPoint animation, but
they have several innovations and is equipped by abundance of useful tools. In
Fig. 1 we can see the window of programmed storytelling steps. In Fig. 2 there is
open the desk to write the verbal text of a story. The next picture show one of the
finished info box used in story — Fig. 3. In Fig. 4 there is showed of Phillips curve
in story panel as a picture of STELLA graph. The part of mathematical forms (in
discrete time) we can see in Fig. 5, and in Fig. 6 there is a part of cybernetic
scheme (block diagram) of Goodwin model in STELLA.
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Figure 1
The programmed story-telling: Working window

with Story sequence

w15 employed labour force " whole
“wiorker class" growth rate "n" ratio, i.
e v=In. Thatis, if nis greater than
zero the unemployment is rising.
Remainding that in steady state
growith, the rate of growth of capital is
equal to rate of growth of output:
di/dt/l=dg/dt/q.

Figure 3
Info box opening in a story panel

Goodwin model
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¢ dhir = (-Gama+R o™iy
a=Y_ailt
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Figure 5
Exhibition of Math formulae of Goodwin model
ina STELLA fashion
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Figure 2

Signboard for info text writing

Phillips Curve

Milfage rate wersus e ployment

Figure 4
Showing the graph in story panel

Figure 6

The cutout from a cybernetic block diagram of
model in STELLA
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After these few illustration we are going to shed light on some mathematical
difficulties of Goodwin model of cyclical behaviour of classic economic system
(‘difficulties’ naturally only from the point of view of first semester students). In
this association somebody may ask the question: ‘Is Goodwin’s analytical model
of class struggle really difficult for undergraduate student?” The answer may be
positive. For illustration of the fact that mathematics for analysis of cyclical
behaviour in complex economic systems is really very sophisticated matter for
beginners, we exhibit here a brief analytical description of struggle of workers for
higher wage (we used only some of most difficult formulae for beginners).

Cutout from mathematical explanation of Goodwin model of cyclical behaviour:
duy/dt=[1v-(6+n)-uN]u (6a)
duldt=[- (a+ 6) + S ulu (6b)

It is obvious that which trajectory dominates will depend on initial conditions as
well as the structure of the equations. To get at the resulting dynamic, let us set up
the differential equations as a ratio to eliminate dt:

dgddu = [dgddt)/[du/dt] = [I/V - (6 + n) - uN] g [-(a + 6) + Su]u (7a)
so:

du [-(a+ 6) + pu]u = du[liv - (6 + n) - uN]u (70)
or factoring out p from the left and u from the right:

du[-(a+ &)/p+ Slpu = du[livu - (6+ n)lu - L] pu (7¢)
so dividing through by pu:

dy[-(a+ &)lu+ fl =du[llvu - (6+ n)lu - 1IV] (7d)
integrating both sides:

JT-(a+ &)lu+ Bl du= f1livu - (6+ n)lu - 1V] du (7e)
which yields:

(a+ O Inpu+ pu=[IN-(@+n)]Inu-ulv+c (7f)

where c is a combined constant of integration. Introducing dummy variable z, then
the left side can be written:

z=F)=-(a+ O Inpu+ pu
and for the right hand side:
z=G(u,c)=[IN-(@+n)]Inu-ulv+c

End of cutout.
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3 Similarities between Goodwin’s and Ecological
Lotkas-Volterras Models

Among severity of possible examples of complex cyclical behaviours there is an
exhibition of cyclical behaviour as some virtual happening of similarities between
Lotka-Volterra model of predator-prey and class struggle model in terms of
simulation model in software STELLA:

In formal and/or mathematical logic the ‘ecological relation’ between predator
versus prey (Lotka-Volterra model) and capitalist versus workers (Goodwin
model) is so to speak identical. Apart from continues model of business cycle like
Goodwin mathematical treatment, STELLA works in discrete time. In Fig. 10
there is predator-prey model with diagram of results and in Fig. 6 (in page Ne 4) is
capitalist-workers (Goodwin) model, both in STELLA setup.

" Schema of original Lotka-Volterra model of predator-prey "
Rabbit birth Rabbits Rabbit deaths
© : O——
=l
Rate of To Rate of
rabbit binths | nterface rabbit deaths
Rate of Rate of
fox births fox deaths
=
Foxes Fox deaths
Fox birth <
Figure 7

The cybernetic block diagram of ecological predator-prey model in STELLA

0.00H =
0,000

Figure 8
Oscillation between rabbits and foxes populations in STELLA laboratory
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Figure 9

The cybernetic block diagram of ecological predator-prey model in STELLA

Naturally the students in electrical engineering and information technology
faculties can find a lot of similarities with those process. The students of automatic
control can find similarities with the problem of controlling two coupled
pendulums. Other simularity may be find in electrical circuits as we can see in the
subsequent schema (see Fig. 10).
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Schematic electrical circuit of Goodwin equation
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GIRCUIT FOR ¢(7)

Code: D—diode device, varies $:¢; A,—amplifier, varies «; Ar—amplifier,
gain = 10; B—Brush time delay recorder; C'—condenser, varies «; Cg—blocking
condenser; Ry—resistor, varies ¢; R = R, + R;—resistor, varies 8; qu(r)—arbi-
trary funetion.

Monitoring points to ground: @, @, and @; check points: @—e[i(t — &)];
@—ej(t); D—(1 = o) y(1).

Figure 10

The modification of Goodwin model in electrical circuit fashion
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4 Converting Models of Economic Behaviour to form
of Storytelling in Virtual Environment

The final stage of exhibition cyclical behaviour is a virtual story telling in integral
terms (verbal mental model plus mathematical model plus simulation model with
experimentation plus showing results of experiments in graphical, diagrammatic
and table form plus identification of experimental results with objective reality):

The creator and designer of storytelling method in STELLA was Barry Richmond.
He has developed several interesting stories in software STELLA first of all as
examples for introducing possibilities of using STELLA for diffusion of virtual
storytelling methods among teachers and students and/or any other users. We are
using STELLA in our department for more than ten years. As one of several
examples we show relatively simple story on electricity cost in a firm caused by

price fluctuation.

0 syt 570 - STELLL
TGN Ve bietwe b b

(B o L Yy i

| A Systems Perspective on World Events
§ Can energy prices be "passed on” to the consumer?
| Sppoctused i

b, o ||

Background and Context

Tedl the Story

Can energy prices be "passed on" to the consumer? 2]
— &

Well begin this story with profitability, 2 concept that is of paramount
impotance to any business. When profitability goes down, a business
needs to do something! Two key questions in this context are: "What
determines profitability?" "What can a business do if profitability takes a

parunt "
nosedive?

profkiity

We'l walk through the answers to these questions, one at a time. Hit the
spatebar on your computer to begin,

Mechanical notes on this stary
To continue on the tour, hit the spacebar on your keyboard
To end the story at any time, you can click on the "home" button that you

will find at the top-left of this screen. Doing so will take you to the home
screen. From there you can exit the application.

Figure 11

Title page of a story in Interface of STELLA and first step of energy price story

Fie Edi View Moded Pun Help
o, 04 ) 28 i e om (BT
Can energy prices be "passed on" to the consumer? 2| =
ik
e )
" - ey § van | o 08 -
- [ i P ot b - =t
. O | e )
A C ]
: i R
§ ]:I
X Bun
1 I
I Wrap-u I |
| Lass 7 d
| AR T — < 3
Figure 12

STELLA working board named “Model”
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Figure 13
Situation in STELLA after simulation running

MnusGamaRoMult

Figure 14
Whole Goodwin model scheme in STELLA
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System dynamics approach helps understanding a multitude of complex behaviours arisen in
contemporary economy. Some of most known complex behawiowr is business cycle. Cyclical
behawiour emerged in 19 century was investigated by several economist like Marx, Marshall,
Eondratjew, Schumpeter, Ealecki, Ealdor, Harrod and Goodwin among others. One of very
interesting reason detertnining emergence of cycles in economy is the contradiction among
capitalists and worlers. This problem iz known as class struggle and was originated by Carl
Marz Richard Goodwin solved this task by analytical mathematical methods in system
dynamics setup. Such approach requires high level of mathematical erudition and special
skill. The author in this essay suggests more direct approach based on numerical
experimentation ih PC. For this purpose he explicitly uses software STELLA developed in
IZEE Systems Company.

Figure 15
Information box setting in STELLA Interface board

5 Cut-Out from Own Story on Goodwin Theory in
STELLA Software

Looking on Introductory panel in STELLA Interface:

Before beginning the storytelling you have to push the button Adjust the page of

Goodwin story!

| sTiLAs 1.1

First Label after clicking button on o —
#5 BOMSOWEes @ AN hCF
Interface » P » Virtual laboratory
for experimentation ek
v with competition in local market -
and for Goodwin cycles -t

Storvieling ctelling

A camp el a BN | {4 s imodel
Chapter 1 I Mo ket 1S e cycles
: . Clck: @ Click! @

Goodwin model of cyclical behaviour in theory of class struggle

| $how competition model | T E—
Push space bar for moving one step of story! | || cux @ Gusdbein shovy

After adjusting the Goodwin story page you have to push the button:

Second step (first Co bach and bezim widh pushing the space bar):

starytelling by pushing button!

Third step (second
basic verbal feature of Goodwin’s model:

This story show the process of building discrete time model of Goodwin
cycles to be emerging in economies. The Goodwin's theory is difficult for
understanding in first sigh. We easier the problem by building simulaton
model of Goodwin's business cycle in cybemnetic fashion

pushing the space bar) — the
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Fourth step: Button as ‘Knob operation’ is emerged. Pushing this button we are
jumping to required place in ‘Down’ direction.

The basic werbal features of Goodwin's model looks as following simply story: -
l.high employment generates wage inflation which can - 2. increase the wage share of
workers in output; but this will, in turn, - 3. reduce the profits of capitalists and thus reduce
future investment and output, that reduction in output will in tum - 4. reduce demand for]
labour force, 1. e. for employment and consequently lead to - 5. lower wage inflation or even
deflation and thus reduce the wage share of workers, but as workers wage share declines, then
— 6. profits increases and, parallel with them lead, to rize of investment, higher investm ent|
will — 7. lead to higher employment and thus improve the bargaining power of workers and|
consequently lead to the wages growth. It is clear immediately that such process must be
cyclical. For better podraying the process Goodwin adds supplementary exogenous growth
components - namely, labour force supply growth and productivity growth.

X+1 step: X+2 steps:

[5=] Goodwin model soheme 8

o Gooduin model soheme 8

vown |

Goodwin model scheme

.15 employed labour force "" whole
"wrorker class" growth rate "n" ratio, i
e.v=In. Thatis, if n is greater than
zero the unemployment is rising
Remainding that in steady state
growth, the rate of growth of capital is
equal to rate of growth of output:
dlicttike=cydtic

eme

X+3 steps: X+4 steps:

=] Gecdwn madsl soneme 8

Goodwin model scheme

U..is the ratio of real wage rate
Goodwin model scheme My multlplyed by "I to level of
output "g", i, e. u=wliq.

...and so on...

This is a partial snapshot from STELLA Goodwin’s story after a greater number
of steps:
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Ga back and begin with
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: . e LW
Phillips ewrve which is dominating the growth of wages, with — = f(v), where
w

increases growth of wages declines. If linear (or approximating it via a linear fun
.

Phillips Curve relations (equation of real wage bargaining) as W/ W =—7 + pv, (

To verbal e
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Conclusions

Because of bounded extent of paper there was exhibited only a few of possible
causes of telling economic stories in virtual environment. There was introduced
some of the most known complex economic behaviour — such as — business cycle.
Cyclical behaviour emerged in 19" century was investigated by several economist
like Marx, Marshall, Goodwin among others. One of very interesting reason
determining emergence of cycles in economy is the contradiction among
capitalists and workers. This problem is known as class struggle and was
originated by Carl Marx. Richard Goodwin solved this task by analytical
mathematical methods in system dynamics setup. Such approach requires high
level of mathematical erudition and special skill. In this paper was suggested and
in brief format was introduced more direct approach based on numerical
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experimentation in PC. In that base the other contribution is telling story on
cyclical behaviour in economic systems in virtual environment, namely in virtual
laboratory constructed in a software STELLA. For this purpose was explicitly
used software STELLA developed in ISEE Systems Company. This approach is a
promising start to easier, better and lasting valued (forced in perpetuality)
economic knowledge. Naturally such mode of digital story-telling one can
benificially use for a lot of others complex subjects.

References

[1]  Andronov, A. A., Pontryagin, L.: Structurally Stable Systems. Doklady
Akademii Nauk SSSR 14, 1937, pp. 247-51

[2] Balducci, R. Candela G., Ricci, G.: A generalization of R. Goodwin Model
with Rational Behaviour of Economic Agents. in Goodwin et al. (Eds.)
1984

[3] Desai, M.: Goodwin: The Unfinished Agenda. LSE, 2000, mimeo

[4] Desai, M.: (1973) Growth Cycles and Inflation in a Model of the Class
Struggle. Journal of Economic Theory 6, 5, 1973) pp. 27-45

[5] Desai, M. Shah, A. Growth Cycles with Induced Technical Change.
Economic Journal 91, 1981, pp. 1006-1010

[6] Goodwin, Richard M.: A Growth Cycle, in C. H. Feinstein (ed.), Socialism,
Capitalism and Economic Growth, Essays Presented to Maurice Dobb,
Cambridge University Press, Cambridge, England, 1967, pp. 54-8

[7] Goodwin, R. M., Vercelli, A., Kruger, M. (Eds.): Nonlinear Models of
Fluctuating Growth. Berlin/New York, Springer, 1984

[8] Kolmogorov, A. N.: Sulla teoria di Volterra della lotta per 1’esistenza.
Giornale dell’Istituto Italiano degli Attuari 7, 1937, pp. 74-80

[91 Lancaster, K.: The Dynamic Inefficiency of Capitalism. Journal of Political
Econonomy, 1, 1973, pp. 1092-1109

[10] Mc Anulty, J. C., Naines, J. B., Strotz, R. H.: Goodwin's Nonlinear Theory
of the Business Cycle: An Electro-Analog Solution. Econometrica, 1953

[11] Solow, Robert M.. Goodwin's Growth Cycle: Reminiscence and

Rumination, in Kumaraswamy Velupillai (ed.), Nonlinear and
Multisectoral Macrodynamics: Essays in Honour of Richard Goodwin,
New York University Press, New York, 1990, pp. 31-41

381



