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Abstract

This paper describes a new qualitative-quantitative sim-
ulator to help buyers learn how to make decisions when
they purchase goods. In this paper, we propose an e-
learning support system (LSDM) for assisting user de-
cision making by applying artificial intelligence tech-
nology. When buyers purchase expensive items, they
must carefully select these items from many alterna-
tives. The learning support system provides useful in-
formation that assists consumers in purchasing goods.
We employ qualitative simulations because the output
simulation results are useful. Our system consists of a
qualitative processing system and a quantitative calcu-
lation system. When users use the system, they first
input information on the goods they want to purchase.
The information input by users is used in the qualita-
tive simulation. Next, they supply the details of their
budgets, the rate of loans, and several other factors, on
a form. The system then integrates the results of simu-
lation and the user’s input data and proposes plans to
aid in their decision process. The system has several
advantages: it can be used by simple input, the process
of simulation is easy to understand, users can learn how
to make decisions by trial and error, and the users can
base their decision making on synthetic results.

Introduction
Services (e.g., e-commerce and e-learning) using comput-
ers have made rapid progress in recent years and have
been intensely investigated. E-learning has been recog-
nized as a promising field in which to apply artificial
intelligence technologies [3][4][5][6][15]. We have devel-
oped an e-learning support system for assisting user de-
cision making by applying artificial intelligence technol-
ogy [7][14]. Our paper describes a system that combines
qualitative and numerical information about a single sys-
tem to help naive/end-users improve their purchasing
decision-making skills.

The advantages of qualitative reasoning in education
are as follows. Student knowledge is formed and de-
veloped through learning conceptual foundations. If
there are any mechanisms in the (dynamic) system, the
user can understand these mechanisms using qualita-
tive methods. Generally, beginners(students) also un-
derstand dynamic systems through qualitative princi-
ples, rather than through mathematical formula. The
contribution of our paper is the integration of theory,
implementation and user perspectives.

When users purchase expensive items, they must make
their selection carefully. In the current study, we focus

on users purchasing an immovable item, such as a house
or land [11]. When users purchase such items, they must
take into account the price, the rate of a loan, their bud-
get, and several other factors. Furthermore, it is impor-
tant to know whether the value will increase or decrease
in the future.

There are several important factors concerned with the
item’s price, for example, the exchange rate, tax system,
economic indicators, and fiscal policies. Some factors
cannot be expressed as quantitative values. A qualita-
tive method is therefore used to simulate a trend in the
price of the items. Such qualitative simulations output
results as simple initial values[12]. In our simulations,
users can understand the mechanism and process of the
simulations, because our qualitative methods consist of
constructive graph models. On these models, causal fac-
tors are connected into a graph. In the simulation, node
conditions on the graph change as time passes. Our sys-
tem also uses quantitative calculation values concerned
with total payments and so on. It can provide enough
information for buyers to trade virtually. By using our
system, users can learn how they should make decisions
when they want to purchase expensive items.

The rest of the paper is organized as follows. Section
2 describes the outline of our e-leraning support system
(LSDM). In Section 3, we provide definitions and as-
sumptions for the simulation. We show the formula for
numerical calculation in the quantitative module. In Sec-
tion 4, we describe an example of qualitative simulations
using our system. In Section 5, we show the user inter-
face of our system. We provide our concluding remarks
in Section 6.

The LSDM

In this section, we provide the outline of our e-learning
support system for user decision making (LSDM). The
system consists of a qualitative simulation module and
quantitative calculation module. We propose a learner
support system for integrating both modules. The qual-
itative simulation uses qualitative methods in which cal-
culating values are classified into cases, for example,
”+”, ”0”, or ”-”. The quantitative module is a numerical
calculation using formulas. Our system provides the in-
tegrated results from which users can learn how or when
they should purchase (expensive) immovable items.

In the following section, we first outline the system
and explain the goal of our research. We then demon-



Figure 1: The Outline of LSDM

strate the qualitative simulation and perform the numer-
ical calculation.

Outline of the LSDM
There has been much research on e-services using artifi-
cial intelligence technologies. We focus on an e-learning
support system applying artificial intelligence technol-
ogy when users want to purchase goods. The main goal
of the LSDM is to support a conceptual understanding
of economical systems and help/train users in their de-
cision making. In recent years, there have been several
studies about predicting stock and financial transactions.
Most of these studies employ quantitative methods us-
ing certain complicated formulas. These studies have
been developed as practical methods, but it is difficult for
non-specialists to understand their mechanisms and the
meaning of their calculations. The LSDM provides infor-
mation for general users on how and when they should
purchase goods.

Figure 1 shows a visual outline of the LSDM. First,
a user inputs an initial value for the simulation, that is,
the good’s price, loan rates, total savings, and so on.
Based on the user’s input, the modules simulate a trend
in the item’s price and calculate the total payment. The
results of the simulation and calculation are then inte-
grated and given to the user. Finally, the LSDM displays
purchase plans to assist the user’s decision making. The
simulation and calculation in the LSDM are based on
the protocol shown in Figure 2.

Figure 2: The Protocol of LSDM

Qualitative Simulation Module
There are several methods for analyzing complex situa-
tions and the relations between cause and effect [1][2][8].
For example, a causal model using a directed graph is
useful for analysis of complex situations, and we can ob-
serve dynamic behavior in the system [9][13]. In this
research, we developed an e-learning support system for
assisting user decision making when making a major pur-
chase (such as a house). There are some existing sim-
ulators, but they are severely limited because all possi-
ble outcomes are enumerated. The reason for not just
adopting an off-the-shelf simulation method is the differ-
ence in task (i.e., generating plausible outcomes rather
than all possible outcomes). The prices of immovable
goods are influenced by many factors. Table 1 lists di-
rect and indirect examples of these factors. The direct
factors can be described in terms of the price of an im-
movable item, the loan rate, and the total amount of
a user’s savings. The indirect factors are the exchange
rate, tax systems, business conditions, financing system
for real estate properties (e.g., housing loans), and sev-
eral others. Some factors can be calculated using numer-
ical methods, but others cannot be calculated based on
quantitative methods.

Table 1: An example of factors

Price of immovable items (quantitative)
Total payments (quantitative)

Direct factors Loan rate (quantitative)
Savings (quantitative)
Installments (quantitative)
etc.
Exchange rate (quantitative)
Tax system (qualitative)

Indirect factors Business conditions (qualitative)
Financial system (qualitative)
etc.

It is difficult to predict the price of an immovable item
and its price trend in the future, by using quantitative
(numerical) methods. Accordingly, LSDM employs a
qualitative simulation by applying qualitative reasoning
through artificial intelligence technology. Details of this
qualitative simulation are given in Section 3.

Numerical Calculation Module
The numerical module uses several mathematical formu-
las that are determined from the trend of an item’s price,
loan rates, and the buyer’s savings. These factors are im-
portant for predicting a state in the future. Further, it is
important for users to understand how much they must
pay in total and how they plan to pay.

In the numerical calculation, one of the most impor-
tant factors is the amount of money the user has saved
and the price of the immovable item. When the sav-
ings are more than the price, the user can purchase the



goods without price predictions. When the savings are
less than the price, the user must determine how to pay
the money using a loan. The next important factor is
the rate of this loan. Here, it is assumed that the interest
rate is fixed. When the rate is low, the total payment
will be roughly equal to the purchase price (i.e., the case
of no loan). However, if the rate is high and the balance
is large, the buyer must pay a large amount of interest.
Thus, the situation is complex depending on the terms.

The following is a simple example of a general formula
used to calculate the total cost of a housing loan. Prin-
cipal G0 is defined as G0 = G, where G is the total loan
amount. Principal G1 is defined as G1 = (1+r)G0−X =
(1 + r)G−X, where the 1st term, r, represents the loan
rate and X represents the amount of one payment. Gen-
erally, we can conduct the following formula in the ith
term.

Gi = (1 + r)iG − (1 + r)i − 1
r

X

It is assumed that the buyer pays in N installments.
Namely, the total repayment GN is zero after the Nth
term. When GN is zero, we can conduct the following
equation.

0 = (1 + r)NG − (1 + r)N − 1
r

X

X is given by the following formula.

X =
rG

1 − 1
(1+r)N

The LSDM provides information for users as a set of
qualitative and quantitative simulated data. The users
can comprehend the purchasing situation, and can pur-
chase with appropriate strategy and decision making.

Simulation Primer
The simulation primer uses a relation model between
causes and effects expressed as a causal graph. Each
node of the graph has a qualitative state value and each
arc of the graph shows a trend in effects. The character-
istics of the nodes and arcs are explained in this section.

Qualitative States on Nodes
Each node has a qualitative state as time passes. We
provide three sorts of qualitative state values on nodes.

Def. 1 Qualitative state of factors
The qualitative state [x(t)] is defined as given in Table

2. (node x at time t.)

State Trends Changing on Nodes
We define state trends changing on nodes that indicate
the time differential. Three types of qualitative values
are given.

Def. 2 Changing trends of nodes
The qualitative changing state [dx(t)] is defined as

given in Table 3. (node x at time t.)

Table 2: Qualitative state

[x(t)] Qualitative states
H HIGH: In the next step, [x(t)] is not higher

than in the current step.
M BOTH: In the next step, [x(t)] is lower or higher

than in the current step.
L LOW: In the next step, [x(t)] is not lower

than in the current step.

Table 3: Qualitative changing state

[δx(t)] Qualitative changing state
I [x(t)] is increasing.
S [x(t)] is stable.
D [x(t)] is decreasing

Direction of Effects of Arcs
The direction of effects of arcs is defined by state trends
changing on arcs. We show the direction of the effect
nodes as influenced by the cause nodes. Two sorts of
qualitative values are given.

Def. 3 Direction of effects
D(x, y) is the direction of the effects from node x to

node y, as defined in Table 4. The directions are classi-
fied into two categories.

Table 4: Direction of effects

D(x, y) Direction of effects
+ When x’s state value increases, y’s state value

also increases. / When x’s state value decreases,
y’s state value also decrease.

− When x’s state value decreases, y’s state value
increases. / When x’s state value increases, y’s
state value decreases.

Transmission Speed of Effects on Arcs
Here, we define the transmission speed of effects from
node x to node y. The definition of the transmission
speed is essentially different from Defs. 1 through 3.
The speed depends on the causal model. The trans-
mission speeds are distinguished between immediate(V0)
and non-immediate(Vn). The Vn is defined as follows.
Time order Vn of the transmission speed of effects from
node x to node y is more than Vn−1 and less than Vn+1.
This n indicates the number of steps in the transmission
delay. In our system, users can set up n based on their
own opinions. However, in this paper, we show and de-
fine the following simple set-up form for naive users.



Def. 4 Transmission speed
The transmission speed V (x, y) is classified in Table

5.

We assume that transmission speed V0 is used on the
arc from node x to node y. When node x is influenced
by other nodes and changes to a qualitative value, node
y changes the value simultaneously, for example, the re-
lations of wages and income. On the other hand, we
assume that transmission speed V1 is used on the arc
from node x to node y. When node x is influenced by
other nodes and changes to a qualitative value, node y
changes the value with a one-step delay, for example, the
relations of quantities of consumption and quantities of
product.

Table 5: Transmission speed

V (x, y) Transmission speed
V0 Node x’s value gives an effect to node y’s

value immediately.
V1 Node x’s value gives an effect to node y’s

value slowly.
V? The speed is unknown.

Integration of Multiple Effects on Nodes
The integration of multiple effects on nodes is defined as
follows. Figure 3 shows an example of the integration.
When there are multiple adjacent nodes connected to a
node, the effects are defined by the following definition.

Def. 5 Integration
When multiple nodes are connected to a node, the

trends of effects are defined in Table 6. In the table, ”?”
means that the trends are not defined.

Figure 3: An example of the integration

An Example of Qualitative Simulation

A Model for Qualitative Simulation
The relation model for the qualitative simulation is ex-
plained in the following sections. Figure 4 shows the
causal graph model for qualitatively predicting the major
purchase price and the rate of a housing loan. Each arc
has a characteristic (D(x, y), V (x, y)). This model was
constructed according to Japanese economical statistics
from 1975 to 1990. It should be noted that the model is
based on the following assumptions.

Table 6: Integration of state values

+ I S D

I I I ?
S I S D
D ? D D

− I S D

I D D ?
S D S I
D ? I I

Figure 4: A model off the relation between factors

- When GDP increases, wages increase.
- When income increases, the amount of consumption

increases.
- When the amount of exports increases, stocks

inventories decrease.
- When GDP decreases, a tax reduction system is

conducted (reduced).

An Example of Qualitative Simulation
Using the relation model and assumption given in Sec-
tion 3.2, we conducted an experiment on the trend in the
price of a major purchase (a house). The initial values for
the simulation are based on the economical conditions in
Japan in 1975. Table 7 shows the initial values. In the
simulation, when a node’s value cannot be determined
by integration of multiple state values, the qualitative
values are decided based on the number of ”+”s(or ”-
”s). When the number of ”+”s(or ”-”s) is more than
the threshold value (decided by the user), the qualita-
tive value is decided as ”+”(or ”-”). On the other hand,
when the number of ”+”s(or ”-”s) is not more than the
threshold value, the qualitative value is decided at ran-
dom. This operation is essential to output a single set
of results.

User Interface
The LSDM’s interface mainly consists of the input win-
dow and the output window in which a user can see the



Figure 5: The LSDM 1

Table 7: Initial values for the qualitative simulation

Trends Factors (nodes)
wage, income, price,

Increasing consumption, export, exchange rate
stock, product, GDP, loan rate

Decreasing Tax reduction

result of a simulation. Figure 5 shows a user interface in
which the users make a relation model and input partial
initial values for the qualitative simulation. The users
decide arcs by inputting each node, such as ”node A to
node B”. After that, to decide the characteristics of each
node, the users select the attribute that is the direction
(”+” or ”-”) of the effect of each arc. The users select
the transmission speed of each arc from the radio but-
tons. To calculate the loans and payments, the users
input their initial values into the text boxes of the inter-
face in Figure 6. Based on the values input by the users,
the quantitative module calculates the total payments,
the number of divided repayments, and so on.

When the users fill out the form to simulate/calculate,
the results of the simulation/calculation are shown as in
Figure 7. The users view the result of the simulation
and calculation as a graph. The simulation is conducted
in 200 time steps. The horizontal axis represents time,
while the vertical axis represents the price of the immov-
able items. In this case, using the above model and the
initial values in Section 4, the immovable price and loan
rate increase in the future. From the result of the sim-
ulation/calculation, we can predict that the user should
not purchase the item in the future. Further, the sys-
tem provides numerical information concerned with the
total payments, including loans. The users can re-try/re-

Figure 6: The LSDM 2

simulate by pushing the improvement button. Thus,
users learn how they should conduct their decision mak-
ing through trial and error.

Conclusion
In this paper, we proposed an e-learning support sys-
tem (LSDM) for assisting user decision making by ap-
plying artificial intelligence technology. We employed
qualitative simulations because the learners can under-
stand conceptual foundation in economic dynamics by
using the qualitative method. The LSDM consists of a
qualitative processing system and a quantitative calcu-
lation system. The system integrates the results of sim-
ulation and the user’s input data, and assists the user’s
decision process. The system has several advantages: it
can be used by simple input, the simulation process is
easy to understand, and the users can base their decision
making on synthetic results.

Our future work includes development of the LSDM
for real world trials and application as Web-based train-
ing (WBT) on the Internet.
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