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Is It Possible to Apply Multidimensional
Graphical Methods in The Teaching and
Learning of Economics?

Mario Arturo Ruiz Estrada’

ABSTRACT This article explores the effectiveness of applying a new multidimensional graphical method to the
teaching and learning of economics. In essence, the paper extends the significance of multi-di-
mensional graphs to study any economic phenomenon from a multidimensional perspective. The
paper proposes the introduction of a new set of multidimensional coordinate spaces that should
clearly and logically propose the effective visualization of complex and dynamic economic phe-
nomena into the same graphical space and time with which the effectiveness of multidimensional
graphs for real practical purposes can be evaluated. From the analyses carried out, which are based
on both primary and secondary data sources, the article argues that multidimensional graphs can
actually be evaluated to understand the degree of their effectiveness in visualizing economic prob-
lems affecting society on different levels.

KEY WORDS: multidimensional graphs; economics teaching; GDP graphical analysis

JEL Classification:  A22; A23; CO2; B41; EOO

'University of Malaya, Malaysia

1. The Evolution of Graphical
Methods in Economics

Research leading to this paper shows a strong link be-
tween the introduction of graphical methods in eco-
nomics and the development of theories, methods and
techniques in statistics and mathematics. In the 18"
century, for example, several new graphical methods
were developed as a result of contemporary advances
in mathematics and statistics research (Gordon, 1965).
These graphical methods include line graphs of time
series data (since 1724), curve fitting and interpola-

tion (1760), measurement of error as a deviation from

graphed line (1765), graphical analysis of periodic
variation (1779), statistical mapping (1782), bar charts
(1756) and printed coordinate paper (1794) (Beni-
ger & Robyn, 1978). For the application of graphical
methods in economic analysis, we can look to the re-
nowned economists such as William Playfair (2005),
Francis Ysidro Edgeworth (1888) and William Stanley
Jevons (1862). According to Harro Maas (2005), Wil-
liam Playfair constructed a wonderful collection of
plates and graphs at the end of the 18" century. In his
book entitled Commercial and Political Atlas, Playfair
focused on the study of trade cycles. This placed him
far ahead of other economists at the time in terms of

visualizing socioeconomic data.
Correspondence concerning this article should be addressed to: The development of the usage of graphical methods
Mario Arturo Ruiz Estrada, University of Malaya, Faculty of
Economics and Administration, 50603 Kuala Lumpur, MALAYSIA.
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in economics can be classified into two distinct phases.
The first phase is the descriptive graphical method. It
is supported by simple tables, histograms, line graphs
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and scatter plots. These types of graphs are based on
the visualization of a single economic variable (vertical
axis = Y) through a specific period of time (horizontal
axis = X) in the first quadrant in the two-dimensional
Cartesian coordinate system (see Figure 1). The main
objective of the descriptive graphical method in eco-
nomics is to study the behavior of a single economic
variable (e.g., exports, imports, unemployment, GDP,
inflation rate) within a time frame (per decade, annu-
ally, monthly, weekly or daily) based on time series. In
fact, William Playfair may be considered the pioneer
and promoter of the descriptive graphical method. The
second phase in the development of graphical meth-
ods for economics is the “analytical graphical method”.
The analytical graphical method in economics is distin-
guished by the use of 2-dimensional and 3-dimension-
al coordinate systems. According to Harro Maas, it was
William Stanley Jevons who first explored the merits of
the graphical method for political economy. Jevons did
this using a function called the “King-Devenant Law
of Demand,” which he pioneered. This is a case of the
use of analytical graphical method in economics, where
the form of the graph gives an idea of the possible class
of the functions describing the relationship between
X and Y variables that suggests a causal interpretation
of the relationship between X and Y. Additionally, the
uses of the formal graphical method are based on the
2-dimensional Cartesian plane, which was introduced
in 1637 by René Descartes (Lafleur, 1960), whose con-
tributions to different scientific disciplines, of which
economics was only one, were substantial. The 2-di-
mensional coordinate space opened a new era in eco-
nomic analysis by providing for analysis of a single
economic phenomenon based on the relationship be-
tween two variables.

However, it is necessary to mention the major
contribution of Antoine Augustin Cournot (1838).
Cournot derived the first formula for the rule of supply
and demand as a function of price on 2-dimensional
view. He was also the first economist to draw supply
and demand curves on a graph. Cournot believed that
economists must utilize graphs only to establish proba-
ble limits and express less-stable facts in more absolute
terms. He further held that the practical use of mathe-
matics in economics involves not only strict numerical
precision but also graphical visualization. In addition

to Cournot and Jevons, other innovative economists
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who contributed to the analytical graph system in eco-
nomics over time were Leon Walras (general equilibri-
um), Alfred Marshall (partial equilibrium) and Joseph
Schumpeter (business cycles) (McClelland, 1975). In
the 20th century, the use and application of the ana-
Iytical graphical method among economists were often
based on sophisticated mathematical and graphical
techniques introduced during the development of new
economic models. In particular, calculus, trigonom-
etry, geometry and statistical and forecasting methods
began to be employed by economists in constructing
their graphs during that time. In addition, 2-dimen-
sional and 3-dimensional Cartesian coordinate sys-
tems were also a part of complex economics research
(Avondo-Bodino, 1962). Consequently, the applica-
tion of sophisticated mathematical and graphical tech-
niques can be seen in the development of the following
economic models and theories: welfare theory (Hicks,
1939), IS-LM curve (Hansen, 1949), development of
static and dynamic analysis (Samuelson, 1947), econo-
metrics (Klein, 1956), Phillips curve (Phillips, 1958),
Okun law (Okun, 1975), economic growth theory
(Solow, 1956), game theory (Nash, 1950), introduc-
tion of dynamic models and econometrics (Tinbergen,
1937), input-output table (Leontief, 1951), monetary
theory (Friedman, 1948), and rational expectations
theory (Barro, 1991).

The rapid development of the analytical graphical
method has been facilitated by high technology and
sophisticated analysis instruments, such as the elec-
tronic calculator and the computer. The development
of analysis instruments in economics took place in
two stages. The first stage involved “basic computa-
tional instruments” where electronic calculators were
used to compute basic mathematical expressions (e.g.,
long arithmetic operations, logarithm, exponents and
squares). This took place between the 1950s and 1960s.
The second stage, called “advance computational in-
struments,” took place in the middle of the 1980s. This
was when high-speed and storage-capacity computers
using sophisticated software were introduced for the
first time. The use of sophisticated software enabled
easy information management, the application of dif-
ficult simulations and the creation of high-resolution
graphs under the 3-dimensional coordinate system.
These analysis instruments contributed substantially

to research and development in economics. Therefore,
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high-performance computational instruments, backed
by sophisticated hardware and software, are utilized to
create graphical representations with high resolution
and accuracy. In fact, the descriptive graphical method
and analytical graphical method can be categorized ac-
cording to function or dimension. In terms of func-
tion, these two graphical methods are either descrip-
tive or analytical. In terms of dimension, these two
graphical methods can be 2-dimensional, 3-dimen-
sional or multi-dimensional coordinate systems. The
descriptive graphical method shows arbitrary informa-
tion that is used to observe the historical behavior of
data from a simple perspective. On the other hand,
the analytical graphical method is available to gener-
ate time-series graphs, cross-section graphs and scatter
diagrams to show the trends and relationships between
two or more variables from a multi-dimensional and

dynamic perspective.

2. How do Multi-Dimensional
Coordinate Spaces work?

The main reason to apply multi-dimensional coordi-
nate spaces is to study any economic phenomena from
a multidimensional perspective. This is originated
by the limitations that the 2-dimensional coordinate
space shows at the moment in regard to generating
a multidimensional optical visual effect of any eco-
nomic phenomena in the same graphical space. Hence,
multidimensional coordinate spaces lead to an alterna-
tive graphical model that is more flexible and innova-
tive than the current 2-dimensional coordinate space
for observing multi-variable data behavior. The study
of multi-dimensional coordinate spaces requires basic
knowledge about “n-dimensional space”. The idea of
the n-dimensional space originated with Greek think-
ers and philosophers such as Socrates, Plato, Aristotle,
Heraclitus and Euclid (father of Geometry). The great
contribution of Euclid to Geometry was the design
of Plane Geometry under 2-dimensional Euclidean
Geometry and solid Geometry under 3-dimensional
Euclidean Geometry. However, n-dimensional space
can be defined as a mental refraction through optical
visualization and brain stimulation by several lines in
a logical order by length, width, height and colors. N-
dimensional space represents the behavior of simple or
complex phenomena in different periods of time in the

same graphical space.
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The study of n-dimensional space is usually based
on the application of the “coordinate system”. In fact,
the coordinate spaces can be classified into 2-dimen-
sional coordinate space, 3-dimensional coordinate
space and multi-dimensional coordinate space. The
main role of the coordinate system is crucial in the
analysis of the relationship between two or more vari-
ables, such as exogenous variable(s) and endogenous
variable(s), in the same graphical space. In fact, the
Euclidean space is given only the mathematical theo-
retical framework, not the graphical modeling for
visualizing the n-dimensions according to different
mathematical theoretical research works. On the other
hand, Minkowski (Einstein, 1961) introduced the idea
of the 4-dimensional space or the “world”. The world,
according to Minkowski, is originated by the applica-
tion of the 3-dimensional continuum (or space). The
difference between the 4-dimensional space and the
3-dimensional space graphical model is that the first
graphical model replaces (X, Y, Z) with (X, X,, X,, X,),
thus X, =X; X, =Y; X,=Zand X, = V-1 X, is based on
the application of the Lorenz transformation axiom.
The 4-dimensional space by Minkowski fails to offer
a specific graphical modeling or alternative Cartesian
coordinate system to help visualize the 4-dimensional
space; it only offers a mathematical theoretical frame-
work to describe the idea of 4-dimensional space.
Moreover, the application of multi-dimensional co-
ordinate spaces offers a large possibility for adapting
n-dimensions, sub-dimensions, micro-dimensions,
nano-dimensions and ji-dimensions in the visualiza-
tion of any economic phenomenon.

In short, the use of coordinate spaces by economists
is based on plotting different dots that represent the
relationships between two or more variables (endog-
enous and exogenous) in the first and fourth quadrants
in the 2-dimensional coordinate space. The econo-
mists proceed to join all of these dots by straight lines
until it is possible to visualize histograms, line graphs
and scatter plots (see Figure 1). Hence, it is possible to
observe the trend and behavior of different variables of
any economic phenomenon such as the relationships
between unemployment/inflation, interest rate/invest-
ment, and prices/quantity demand and supply.

From our point of view, each dot plotted on the
2-dimensional, 3-dimensional and multi-dimensional

coordinate spaces represents a single rigid point. In

Vizja Press&IT

125




126

| Vol.7 | Issue4 | 2013 | 123-138

fact, the plotting of a single rigid point in any coor-
dinate space requires the application of two basic as-
sumptions: the first assumption is that two rigid points
cannot occupy the same space at the same time; the
second assumption is that different rigid point(s) deal
in different n-dimensional spaces that move under dif-
ferent speeds of time. The variable “time” in the case of
multi-dimensional coordinate spaces should be classi-
fied by general time, partial time and constant time.

General time runs in general-space, but sub-spaces,

micro-spaces, and nano-spaces all run under different

partial times. In the case of JI-spaces, these are always
fixed by constant time.

Recently, a few economists have started to use the
3-dimensional coordinate space in economics by uti-
lizing three axes: “X-coordinate” (or exogenous vari-
able), “Y-coordinate” (or exogenous variable) and the
“Z-coordinate” (or endogenous variable). This is based
on the construction of surfaces or 3-dimensional man-
ifolds to visualize multi-variable economic data behav-
ior (see Figure 2). According to our research, the use
of the 3-dimensional coordinate space is not popular
among economists and policy makers.

Based on one thousand five hundred (1500) papers
published in twenty-one (21) reputable economics
journals' between 1939 and 2012 (JSTOR, 2012), it is
possible to observe that the common types of graphical
representations applied in the study of social sciences,
especially economics, were 2-dimensional coordinate
space representations. Of these papers, 99.5% applied
the 2-dimensional Cartesian coordinate system and
0.5% applied the 3-dimensional coordinate space sys-
tem. This study research will proffer several reasons as
to why economists continue to use the 2-dimensional
coordinate space and, sometimes, the 3-dimensional
coordinate space systems in the graphical representa-
tion of complex and dynamic economic phenomena.
These reasons are listed below:

o The 2-dimensional graphical models were estab-
lished over a long period beginning with the in-
troduction of the 2-dimensional coordinate space
by Descartes (Lafleur, 1960). The application of the
2-dimensional coordinate space in the economic
graphical analysis has become a tradition.

o 'The 2-dimensional space is easy to apply in visual-
izing basic trends or values in the same graphical

space. A logical explanation for the common use
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of the 2-dimensional coordinate space is that it can
be easily used to plot, draw and visualize any eco-
nomic phenomenon. Therefore, the 2-dimensional
coordinate space can generate a clear visual and
mental reflection for understanding complex and
dynamic economic phenomena graphically in the
same space and time.

o It is difficult to find alternative and suitable
multi-dimensional graphical models to gener-
ate the transition from 2-dimensional coordinate
space graphical modeling to multi-dimensional
space graphical modeling. This research found
some difficulties generating this crucial visual and
mental transition from 2-dimensional coordinate
space to multi-dimensional coordinate space. This
could be due to the difficulty of plotting, drawing

and visualizing multi-dimensional graphs.

3. The Traditional Visualization of
GDP Behavior from 2-Dimensions:

The idea of proposing a multi-dimensional graphi-
cal modeling approach is to make it possible to visu-
alize the complex and dynamic behavior of different
variables that are involved in the construction of the
GDP. Therefore, we assume that all of these variables
are always in a state of permanent change in the same
graphical space. Economists and academics usually
continue to visualize the GDP under the application
of traditional 2-dimensional graphical modeling us-
ing the classic linear graphical trends technique. The
linear graphical trends technique can compare the
graphical behavior of the GDP by plotting the variable
time (daily, weekly, monthly, yearly) on the “X” axis
and the GDP growth rate on the “Y” axis to visualize
the behavior of GDP across different periods of time
(see Figure 3).

On the other hand, the graphical construction of the
GDP by the expenditure method using the 2-dimen-
sional graphical modeling approach makes it possible
to visualize the aggregate demand curve (AD) that is
built by consumption (C), gross investment (I), gov-
ernment spending (G) and net exports (X-M). Hence,
these four macro-variables are fixed on the “Y” axis,
and the output (real national income) is fixed on the
“X” axis (see Figure 4).

We can observe that in the last two examples of how

to draw GDP, both examples only show the use of two
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Figure 1. 2-Dimensional Coordinate Space
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Figure 2. 3-Dimensional Coordinate Space
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Figure 3. Gross Domestic Product Rate Per Year
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Figure 4. The Construction of GDP Using the Expenditure Method

axes (X, Y) to explain the relationship between two
variables that interact together in the same graphical
space. Consequently, we cannot visualize the inter-
action of a large number of variables simultaneously
within the same graphical space. In fact, the 2-dimen-
sional graphical modeling method does not offer an
extra set of axes to plot a large number of variables that
are involved in the construction of GDP according to
this research. Therefore, the use of multi-dimensional
graphical modeling opens new frontiers for visualizing
complex and dynamic changes involving a large num-
ber of variables simultaneously in the same graphi-
cal space. Additionally, multi-dimensional graphical
modeling requires the application of graphical mod-
eling in real time to observe, in a much better way,
the behavior of all variables in permanent movement
distributed in different axes. The classic idea about en-
dogenous and exogenous variables is totally different
in multi-dimensional graphical modeling because we
are referring to a large number of exogenous variables
that interact together, while the endogenous variable
becomes a large, single surface located within the same
graphical space. We assume that each exogenous vari-
able runs under different speeds of time depending on
the rapid input of information in multi-dimensional
graphical modeling. The main objective of multi-

dimensional graphical modeling is to monitor a large

CONTEMPORARY ECONOMICS

amount of data that are running in real time. The idea
is to visualize unknown and unexpected relationships
among different variables involved in the construction
of GDP in the same graphical space. The evaluation
of results from multi-dimensional graphical model-
ing differs from traditional 2-dimensional graphical
modeling because we do not only visualize the effect
of a single exogenous variable on the endogenous vari-
able. Instead, the behavior of a large number of vari-
ables running in real time is visualized using different
axes (exogenous variables). At the same time, the be-
havior of the endogenous variable is represented by the

general surface.

4. An Introduction to the
5-Dimensional Coordinate Space

The 5-dimensional coordinate space consists of five ver-
tical axes: X, X, X,, X, Y*. All five axes are distributed
by four independent axes, X, X, X, X, and one depen-
dent axis, Y*. The X, X, X, X, , Y*axes fix positive and
negative real numbers R, . To plot different values on
each axis into the 5-dimensional coordinate space, each
value is plotted directly on its axis line. All values plot-
ted on each axis line must be joined together by straight
lines until a pyramid-shaped figure is built with five
faces in vertical position (see Figure 5 and Prototype 1).

Therefore, the Y* axis is positioned in the center of the
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Prototype 1. The 5-Dimensional Coordinate Space

5-dimensional coordinate space (among the other four
vertical axes). The Y* axis is the convergent axis of the
other four vertical axes, X, X, X, X,. The 5-dimensional
coordinate system is represented by:

(X, X, X, X,], Y¥) )

4.1. The Graphical Visualization of U.S. GDP
Behavior through the Application of the Five-
Dimensional Coordinate Space:

The application of the five-dimensional coordinate
space is based on the study of U.S. GDP from 1929 to 2004.
To study U.S. GDP behavior from a multidimensional per-
spective, this paper suggests using the GDP-Surface (Ruiz
Estrada, 2010). The GDP-Surface is based on the use of the
national income growth rate “AY” (endogenous variable)
and four exogenous variables, which are the consumption
growth rate“AX ", investment growth rate “AX_", govern-
ment growth rate “AX.” and net trade growth rate “(X-M)
= AX,’; shown in the expressions below. For demonstra-
tion purposes, the following data are used: consumption
growth rate (AX ), investment growth rate (AX,), govern-
ment growth rate (AX,), net trade growth rate (AX,) and
the national income growth rate (AY) of the U.S. from 1928
to 2004 (NBER, 2012). Steps involved in the construction
of GDP-Surface are as follows. The general function of the
GDP-Surface is equal to:

www.ce.vizja.pl

AY = f (AX,, AX, AX, AX,) (1)
To measure each growth rate, the following expres-

sions are used:

X1 Ini!.ialperiod)/ (XLFinalpenod)]XIOO% @1

AX = [( 1Fmalpen0d) (
(%) Ko X100% 2)

A%, = (X, st perod) =

AX =X, penod) X penod) T period)] x100% (2.3)
AX =X, g penod) X, period) T X period)] x100% (24)
A=Y ) ¥ g/ Oy D100 29

The GDP-Surface suggests the application of four
vectors to show the magnitude and direction of
each AXi (i=1, 2, 3, 4) to build the platform of the
surface at the bottom of the 5-dimensional coordi-
nate space (vertical position). We have four initial
vectors at the ground level of the 5-dimensional

coordinate space represented by €, €, €, €, (see

Figure 6).

¢ = AX AX, (3.1)
6= AX,AX, (3.2)
£,= AX,AX, (3.3)
e,= m (3.4)
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Figure 5. The 5-Dimensional Coordinate Space
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Figure 6. The GDP-Surface Platform
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Figure 7. The Main Structure of the GDP-Surface

The next step is to find the vectors to join AX,, AX,,
AX,, AX, with AY to build the main structure of the
GDP-Surface (see Figure 7).

—

e = AXAY (4.1)
—

e.= AX,AY 4.2)
—

0= AXAY 43)
—>

e,= AXAY (4.4)

Finally, the GDP-Surface is the sum of all vectors from
vector €, to vector es(see Figure 8).

The GDP-Surface = €, + €,+¢,+¢,+ € + € +€ +¢ (5)

www.ce.vizja.pl

The results of the GDP-Surface reflect three possible
levels of performance:

Level 1: Stable Macroeconomic Performance

If the GDP-Surface is located within the positive quad-
rant of the 5-dimensional coordinate space (vertical
position), then the GDP-Surface shows stable macro-

economic performance (see Figure 9).
+AY = f (+Ax, +Ax, +Ax,, +AX,) (6)

Level 2: Unstable Macroeconomic Performance

If the GDP-Surface is located between the positive and
negative quadrant of the 5-dimensional coordinate
space, then the GDP-Surface shows unstable macro-
economic performance (see Figure 10).

Vizja Press&IT
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Figure 9. GDP-Surface: Stable Macroeconomic Performance
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Figure 10. GDP-Surface: Unstable Macroeconomic Performance
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Figure 11. GDP-Surface: Poor Macroeconomic Performance

+-AY =f (+/- Ax +/- Ax, +/- Ax,, +/- Ax,) (7)

Level 3: Poor Macroeconomic Performance

If the GDP-Surface is located in the negative quadrant
or is equal to zero of the 5-dimensional coordinate
space (vertical position), then the GDP-Surface shows

poor macroeconomic performance (see Figure 11).
-AY =1 (-Ax, -Ax, -Ax,, -Ax,) or 0=£(0,0,0,0) (8)

4.2. GDP-Surface: U.S. GDP Behavior from
1928 to 2004

The GDP-Surface shows how the national income
growth rate “AY” or endogenous variable is simul-
taneously affected by four exogenous variables: con-
sumption growth rate“AX ", investments growth rate
“AX]%, government growth rate “AX,” and net trade
growth rate “(X-M) = AX". All variables move along
their respective axes simultaneously on the same 5-di-
mensional coordinate space (vertical position). The
GDP-Surface shows how the consumption growth
rate (AX), investment growth rate (AX,), government
growth rate (AX,), net trade growth rate (AX,) and the
national income growth rate (AY) of the U.S. move in
different directions simultaneously within the 5-di-
mensional coordinate space (vertical position). If we
observe the U.S. GDP-Surface period by period from
1928 to 2004 (NBER, 2012), the GDP-Surface shows
different displacements within the 5-dimensional co-

ordinate space (vertical position).

www.ce.vizja.pl

Between 1928 and 2004, the U.S. GDP-Surfaces at
Level 1 or stable macroeconomic performance are lo-
cated within forty periods: 1933/34, 1934/35, 1935/36,
1936/37,1938/39, 1939/40, 1940/41, 1942/43, 1947/48,
1950/51, 1954/55, 1955/56, 1958/59, 1959/60, 1960/61,
1962/63, 1963/64, 1967/68, 1968/69, 1969/70, 1970/71,
1971/72,1972/73, 1973/74, 1974/75,1975/76, 1976/77,
1977178, 1981/1982, 1982/1983, 1983/1984, 1984/85,
1985/86, 1986/87, 1991/1992, 1992/1993, 1993/1994,
1995/96, 1996/97 and 1998/1999 (see Figure 7). Level
1 or stable macroeconomic performance is character-
ized by positive results in all four broad categories of
spending (AX,, AX,, AX,, AX)) and the national in-
come growth rate (AY).

The U.S. GDP-Surfaces at Level 2 or unstable mac-
roeconomic performance are located in forty peri-
ods: 1928/29, 1929/30, 1930/31, 1931/32, 1932/1933,
1937/38, 1941/42, 1942/43, 1943/44, 1944/45, 1945/46,
1946/47, 1947/48, 1948/49, 1949/50, 1951/52, 1952/53,
1953/54, 1956/57, 1957/58, 1961/62, 1964/65, 1965/66,
1966/67, 1967/68, 1978/79, 1979/80, 1980/81, 1982/83,
1987/88, 1988/89, 1989/90, 1990/91, 1994/95, 1997/98,
1999/2000, 2000/01, 2001/02, 2002/03 and 2003/04
(see Figure 12). The GDP-Surfaces at Level 2 or un-
stable macroeconomic performance is characterized
by non-proportional results, comprising both posi-
tive and negative growth rate values. Therefore, the
unstable macroeconomic performance does not nec-
essarily generate a negative impact on the national in-

come growth rate “AY” in the long term. If we gener-
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Figure 10. United States GDP-Surface from 1929 to 2004.

Source: The National Bureau of Economic Research -NBER- Electronic Report (2012)
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ate a successive slide show based on the use of each
GDP-Surface period by period, we can observe how
the GDP-Surface maintains a constant movement in
the same 5-dimensional coordinate space. It is possible
to observe a multi-dimensional and dynamic view of
the GDP-Surface historical trend of the U.S. economy

in constant movement.

5. Experiences in the Teaching
and Learning Processes of
Multidimensional Graphs in
Economics: Empirical Results

The application of multidimensional graphs in the
teaching and learning of economics was tested from
2007 to 2012. Therefore, we used two courses to teach
multidimensional graphs. These two courses are the
introduction to mathematical economics (2006-
2010) and the principle of economics (2011-2012)
at the Faculty of Economics at the top universities
in Malaysia. In three sessions each semester, we ex-
plained the basic theoretical framework and applica-
tion of multidimensional graphs in economics to our

undergraduate students.

5.1. Experiences Teaching Multidimensional
Graphs in the Introduction to Mathematical
Economics Course and the Principles of
Economics Course

According to our students’ comments, the advantages
in the use of multidimensional graphs in economics
are remarkably different. The 2-D and 3-D graphs have
been understood to restrict coherent observation of
changes inherent in a large number of variables simul-
taneously in the same graphical space. In the teaching
of multidimensional graphs in economics, we suggest
three activities, as follows. The first activity in our class
involves the basic introduction of different methods of
graphs in economics. The second activity in our class
is based on teaching the basic theoretical framework of
multidimensional graphs through the using of Econo-
graphicology (Ruiz Estrada, 2007; 2011). Additionally,
we suggest the uses of prototypes to make the visual-
ization of multidimensional graphs easier for our stu-
dents in class (see Prototype 1). Moreover, we suggest
using E-learning tools such as a homepage entitled
Econographication ~ (www.econographication.com),

which we developed for our students. We suggest that

www.ce.vizja.pl

our students visit our homepage and click on the sec-
tion entitled “E-lab” that provides a basic explanation
of how to use the different types of multidimensional
graphs without any difficulty.

Basically, the construction of multidimensional
graphs is based on the uses of a set of multidimen-
sional coordinate spaces (Ruiz Estrada, 2011). At the
end of our second activity, our students are allowed to
ask questions about multidimensional graphs. Hence,
we entered all of the comments into a large database
that we created for this study. We subsequently ana-
lyzed and improved our teaching of multidimensional
graphs. In the third activity, we gave a 20-minute quiz
in which students plotted data on the 5-dimensional
coordinate space. The quiz was designed to evaluate
students’ knowledge of the application of multidimen-
sional graphs in Economics (see Figure 3). Therefore,
this quiz was useful for analyzing the performance
of teaching and learning about multidimensional
graphs. We built a database of 500 samples (equiva-
lent to 500 quizzes) from 2007 to 2012 with the pur-
pose of evaluating the performance and effectiveness
of teaching-learning of multidimensional graphs in
Economics. Our students were originally divided into
two groups. The first group received normal instruc-
tion without any didactic material such as prototypes
and the use of a homepage. The second group received
special didactic material such as prototypes and the
use of a homepage. Our results show that in the first
group, there was a higher rate of failure of approxi-
mately 30% (150 students), and only 5% (25 students)
of students scored between 100 and 91. Ten percent
(50 students) of students scored between 90 and 71 in
this group. Most students (50%, or 250 students) in the
first group scored between 70 and 61 (see Figure 13).
In the second group, the final results show that 14%
(70 students) of students scored between 100 and 91,
with 25% (125 students) of students scoring between
90 and 81. The majority of students (40%, or 200 stu-
dents) scored between 80 and 71. In contrast to the
first group, scores between 70 and 61 were attained by
20% (100 students) of students. Finally, the rate of fail-
ure was lower for the second group because only 1%
(5 students) of students scored below 59 (see Figure
13). Remarkable performance was observed in the sec-
ond group, which demonstrates that effectively learn-

ing about multidimensional graphs involves the use
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of systematic teaching techniques and methods, such

as prototypes and E-learning. Moreover, the positive

performance attributed to the teaching and learning

of multidimensional graphs also depends on five basic

premises, which are as follows:

1. Basic knowledge of plotting and drawing 2-dimen-
sional graphs on the Cartesian coordinate system.

2. Basic knowledge of Euler’s geometry.

3. Abasicidea of time and space in the graphical space.

4. The construction of solid prototype(s) (Ruiz Es-
trada, 2009) using basic materials, such as wood,
paper and plastic.

5. The ability to learn about and understand the differ-
ent dimensions that exist in multidimensional graphs.

After we taught the theoretical framework of basic
multidimensional graphs, we provided to our students
basic examples and different applications of multidi-
mensional graphs in real economic cases. Until today,
the basic 2-dimensional graphs usually applied in eco-
nomics had been the focus of our teaching, but at the
end of the class session, we gave some basic examples
on how the same problems can be visualized from

a multidimensional perspective.

CONTEMPORARY ECONOMICS

Figure 13. Final Results With and Without Didactic Materials and E-Learning

5.2. Pros and Cons of the Uses of
Multidimensional Graphical Methods in
Economics

In light of the results, significant pros are observed in
the use of multidimensional graphical methods in eco-
nomics that show the advantage in visualizing a large
series of variables moving simultaneously in the same
graphical space without any visual restriction. Addi-
tionally, the use of multidimensional graphical methods
expands the horizons of students and increases their cu-
riosity in complex and dynamic economic phenomena
from a multidimensional perspective. Based on our ex-
perience, the teaching and learning of multidimensional
graphs allows us to explain to our students that the basic
facts for observing complex and dynamic economic
phenomena cannot only depend on the visualization of
a simple point that is moving up and down in two di-
mensions (which explains the behavior of several vari-
ables that can affect GDP behavior as a whole). In effect,
the learning of multidimensional graphical methods in
economics requires great effort from the teaching side,
particularly in improving the methods and techniques
that facilitate the easy learning of multidimensional
graphs in the classroom. The cons observed are few.
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Therefore, the preparation of prototypes and E-learning
materials that enhance the teaching and learning of

multidimensional graphs is imperative.

Conclusion

This paper concludes that it is possible to use multidi-
mensional graphical methods in the teaching and learn-
ing of economics. Success in learning and teaching multi-
dimensional graphs directly depends on the effort of the
lecturer or researcher who prepares prototypes to be used
by students as well as on the application of E-learning
tools such as homepages designed for the specific topic.
This paper argues that multi-dimensional graphs could
open a new era in economic analysis from a microeco-
nomic and macroeconomic perspective, particularly as
it is now possible to observe dynamic and complex eco-
nomic phenomena through time and space in the same
graphical space. As such, we can conclude that the exten-
sion of more than two dimensions and three dimensions
implies the use of sub-coordinates and a new multidi-
mensional graphical framework to learn more about the
visualization of a large number of variables that can affect
GDP behavior from an unconventional perspective. Fi-
nally, this paper offers a new multi-dimensional coordi-
nate space for economists, academics and policy makers
to facilitate the visualization of multi-variable economic
data in the same graphical space and time. Moreover,
the idea for proposing a new multi-dimensional coordi-
nate space is appropriate given the limitations associated
with the 2-dimensional Cartesian coordinate plane and
the 3-dimensional coordinate space that restricts visual-
ization of multi-variable economic data behavior in the

same graphical space and time.
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