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Abstract

We have proposed the Java Virtual Execution Environ-
ment Control (JVEEC) which is a knowledge base sys-
tem for distance learning assistance. JVEEC has two
characteristic features. One is a feature which improves
response performance by using prefetch transmission.
The other is a self-adaptation feature whereby the sys-
tem can change its behavior to suit the user’s learning
conditions. This paper reports the evaluation of the
performance of JVEEC using PHS, and the result of
the verification of the self-adaptive function based on a
causal network. Through the experimental evaluation,
the improvement of response time and the validity of
the self-adaptive function using a causal network have
been verified.

1. Introduction

Recently, various research studies relating to dis-
tance learning assistance systems have been undertaken,
prompted by the spread of wide area communications,
like the internet.

In order to implement a distance learning assistance
system with no instructors, there is a strong require-
ment for the following features: rapid response of the
system to a user’s input, and a self-adaptive function
enabling flexible changes to the assistance contents in
accordance with the “user profile” (characteristics of
the understanding of the user).

This paper proposes a distributed knowledge base
execution system with the above features for a distance
learning system for use with a mobile communication
system such as PHS (Personal Handy-phone System)
[1]. Tt is called Java Virtual Execution Environment
Control (JVEEC) [2].

In this system, the knowledge base is organized with
a set of independently executable partial knowledge
bases, “active nodes”, and a meta-knowledge for their
execution control, the “context graph”. Rapid response
is achieved on the client computer by a partial knowl-

edge base execution mechanism with a prefetching con-
trol of active nodes using the context graph. The re-
sponse time of the distributed system has been assessed
using a prototype system and PHS.

In addition, a method for adapting a sequence of
active nodes of the target knowledge base is proposed.
In this method, “priorities” for the active nodes of the
target knowledge base are introduced, to determine the
most appropriate active node among the candidates at
each node selection stage in the execution of the target
knowledge base. These priorities are calculated using
a causal network (also called a Bayesian network) de-
rived from the cause-effect relations between reaction
events defined for each action event of the target knowl-
edge base. Through evaluations using an experimental
knowledge base for a hierarchical learning assistance
situation, it was observed that the results of adaptation
using this method were consistent with those provided
by a human expert.

There has been considerable research on learner mod-
eling using a causal network[3] [11]. The purpose of the
work described in this paper is to further improve the
degree of understanding of the user in the assistance
paths, based on a path selection criteria provided by a
causal network. This technique is a new idea, distinct
from others.

2. Learning Assistance Model

An interactive learning assistance system with bi-
directional communication between user and system is
assumed. The user assistance function is assumed to
be constructed hierarchically from general content to
detailed content. This structure is illustrated diagram-
matically in Figure 1. In this figure, a specific path
from the root node to a leaf node, called an assistance
path, represents a meaningful sequence of assistance
actions. For instance, the path indicated by thick lines
represents a specific sequence of actions: explanation of
field f1, then explanation of topic t12 of f1, and finally
execution of exercise problem ejz; of t12. Usually var-
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Figure 1: Learning assistance model with a hierarchical
structure

ious assistance paths are selected repeatedly and each
action on the selected path is executed until a certain
end condition occurs.

3. Overview of JVEEC

First, we describe the structure of the knowledge
base in JVEEC, that is, teaching material for distance
learning. This knowledge base consists of active nodes
and a context graph. An active node is a partial knowl-
edge base. Its fundamental element is a Java class file,
and it includes text files and image files used by the
class file. Each of the active nodes is a part of the
teaching material relating to one problem or one expla-
nation or one menu, and the set of active nodes behave
as a single knowledge base (teaching material). Now
active nodes don’t have the information necessary to
execute themselves in sequence. This information is
described as a context graph, and it performs a role of
meta-knowledge for the active nodes. The self-adaptive
function of JVEEC is achieved by modifying the con-
text graph. Figure 2 shows the concept of active nodes
and context graph.

Secondly, we describe a method of implementing a
knowledge base constructed from active nodes and a
context graph. Figure 3 shows the system structure of
JVEEC. Active nodes are initially stored in a server
computer. These are transmitted to a client computer
on request from the client computer, and are then ex-
ecuted on the client computer. There is a controller in
the client computer, which requests the transmission
of active nodes from the server and controls the action
of active nodes according to context graph. While an
active node is being executed by the controller (in Fig-
ure 3, active node A), thus starting interactive service
for the user, the controller infers which active nodes
may need to be executed next (in Figure 3, B,C) and
transmits the prefetch request to the server. The server

transmits the corresponding active nodes to the client
computer. The controller in the client computer re-
ceives the active nodes and stores them in a cache. Af-
ter the currently-active node has finished interactive
service for the user, the controller decides which active
node should be executed next and executes it. Thus,
active nodes are executed in sequence on the client com-
puter. Consequently all active nodes behave as a sin-
gle knowledge base. Because of the above mechanism,
the execution of one active node and transmission of
the next active nodes can be carried out in parallel
in JVEEC. Therefore, the user’s waiting time due to
transmission of data is considerably reduced.

4. Performance Evaluation of JVEEC
using PHS

For this study, we built a communication environ-
ment using PHS. We selected PHS among the options
for readily available mobile communication links, since
it is inexpensive and yet offers a reasonably high-speed
data link. As a client computer we used a notebook PC
having a PC card type PHS terminal. On the server
side, we set up an ISDN communication line and a di-
alup router so that the client computer can access the
server computer on the LAN. Since the products sup-
port PIAFS 64K as the PHS terminal and the dial-up
router in this environment, the server and client com-
puters can communicate at 64kpbs (effective bit-rate is
58.4 kbps on the 64kbps service).

Using this environment, we evaluated the perfor-
mance of JVEEC using PHS. In this evaluation, the
measure of performance is the time of response to user
input with a specific think time. Here, the response
time has been defined as the interval between the user’s
input and the corresponding system’s answer. And, the
think time has been defined as the interval between the
system’s displaying and the corresponding user’s input.
The knowledge base of exercises and commentaries for
“Class I Information Technology Engineer Examina-
tion” was used as the experimental knowledge base.
This knowledge base has a hierarchical structure in
which a user selects a field, selects a topic, answers
several problems, and returns to select another field,
in sequence. Each active node included a single se-
lected field or topic or problem. The number of active
nodes was 41 and the average size of an active node was
18.3Kbyte. Interaction between each active node and
the user was realized with a random selection from the
choices offered by an active node. Response times were
measured in the case of think times of 10, 20, and 30
seconds. The results of these experiments are shown in
Figure 4. This graph is shows cumulative distribution
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Figure 2: Structure of knowledge base for JVEEC
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Figure 4: Cumulative distribution of response time

in which the response times are arranged in order and
classified in groups up to 50%, 60%, 70%, 80%, 90%
and 100%. 80% of all the response times when active
nodes were prefetched with an think time 10sec. are
in the neighborhood of 0 sec. in the graph. Therefore,
this graph shows that prefetch improves the response
time. Furthermore, 90% of all response times are in the
regions of 0 sec. when think times are 20sec. and 30sec.
Hence, it is confirmed that long think time improve the
effectiveness of prefetching.

5. Self-adaptation Method using a Causal
Network

The causal network is defined as following. First,
assume that the graph G = (V, E)(V: a set of nodes, E:
a set of edges) forms a DAG (Directed Acyclic Graph).
Let ¢(v) be the set of all parent nodes of a node v, and
let p(v|e(v)), the conditional probability of v given its
parent ¢(v), be assigned under the following constraint

> ple(v) =1 (1)

Here, ), means the sum over all possible values of
v. Then a join probability distribution of the vertices
in V is uniquely determined by the following formula.
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Figure 6: An example of the relationships between de-
gree of understanding of a topic and the number of
times a path is executed

The DAG along with its joint probability distribu-
tion P(V) is said to constitute a causal network. As an
example, the structure of the causal network obtained
from the experimental knowledge base used in section
4 is shown in Figure 5.

The causal network for JVEEC to achieve self-ad-
aptation has the following structure corresponding to
the assistance learning model shown as Figure 1. First,
there is a start node S that memorizes the most suitable
next field inferred by a causal network. S is linked to
nodes F; that indicate whether field f; is understood
or not by the user. Each node Fj is linked to nodes Tj;
that indicate whether topic ¢;; is understood by the
user or not. Each node Tj; is linked to nodes Ej;;, that
indicate whether the user’s answer for problem e;;;, is
correct or not.

In the following, the process of self-adaptation using
this causal network is described. Suppose that a user
answers a problem in the target knowledge base. The
fact of whether the answer is correct or incorrect, is
input to F;;; and the degrees of understanding for all
fields and topics are calculated by a probability prop-
agation algorithm. Then, when the user next selects a
field or a topic of choice, the most suitable selection is
decided for the user based on the priority and displayed
to user. The priority of each acitve node is calculated
as the probability P(F; = 1) that the user does not
understand the field f; or the probability P(T;; = 1)
that the user does not understand the topic t;;. In the
current version of prototype JVEEC, the most suitable
selection, based on the adaptive function, is displayed
as the item on the extreme left in the display of choices.

6. Verification of Self-adaptive Function

In this section, we report a result of the verification
of the self-adaptive function in JVEEC. To verify the
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practical operation of the adaptive function, we asked
students who had not yet passed in “Class I Informa-
tion Technology Engineer Examination” to use the ex-
perimental knowledge base, and record selected fields
and topics and the changes of degree of understanding
of these (the degree of understanding = 1.0 - the pri-
ority). Here, we requested the students to select the
most suitable field or topic shown by the system.

Figure 6 shows relationships between the degree of
understanding of topics and the number of times of ex-
ecution of an assistance path, for a specific user. The
symbol () indicates that the corresponding topic was
shown as the most suitable topic to the user and the
relating exercise was executed. It is observed that the
degree of understanding of every topic changes by the
correct answer or the incorrect answer. Figure 7 shows
the relationship between the degree of understanding
of a specific field and the number of times an assis-
tance path is selected, for several users. It can be seen
that in each case the degree of understanding gradually
approaches 1.

It has been shown that the histories of the learn-
ing assistance paths obtained by the self-adaptation
method are not contradictory to those provided by a
human expert under the same conditions.

Figure 8 shows the relationships between changes of
the correct-answer-rates of the topics and a sequence
of the selected topics. In this figure, the topics which
have high correct-answer-rates are not selected. this
indicates that the most suitable selection decided by
the proposed method is valid.

It is therefore concluded that the self-adaptation
method described in this paper is effective for the hi-
erarchical learning assistance model.

7. Conclusion

This paper has proposed a distributed knowledge base
execution system JVEEC which aims to achieve rapid
response and provide a self-adaptive function. The
knowledge base in JVEEC comprises a set of active
nodes and a context graph.

JVEEC can make the response time approximately
0 by prefetching the next active nodes. It has been
verified by an experimental evaluation using PHS.

JVEEC can change the order of execution of the ac-
tive nodes by rewriting the context graph. The priority
of each active node is calculated by a causal network,
and the validity of the method has been demonstrated
by the experiment described in this paper.
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