
 

 

  
Abstract—Keys to high-quality face-to-face education are 

ensuring flexibility in the way lectures are given, and providing care 
and responsiveness to learners. This paper describes a face-to-face 
education support system that is designed to raise the satisfaction of 
learners and reduce the workload on instructors. This system consists 
of a lecture adaptation assistance part, which assists instructors in 
adapting teaching content and strategy, and a Q&A assistance part, 
which provides learners with answers to their questions. The core 
component of the former part is a “learning achievement map”, which 
is composed of a Bayesian network (BN). From learners’ performance 
in exercises on relevant past lectures, the lecture adaptation assistance 
part obtains information required to adapt appropriately the 
presentation of the next lecture. The core component of the Q&A 
assistance part is a case base, which accumulates cases consisting of 
questions expected from learners and answers to them. The Q&A 
assistance part is a case-based search system equipped with a search 
index which performs probabilistic inference. A prototype 
face-to-face education support system has been built, which is 
intended for the teaching of Java programming, and this approach was 
evaluated using this system. The expected degree of understanding of 
each learner for a future lecture was derived from his or her 
performance in exercises on past lectures, and this expected degree of 
understanding was used to select one of three adaptation levels. A 
model for determining the adaptation level most suitable for the 
individual learner has been identified. An experimental case base was 
built to examine the search performance of the Q&A assistance part, 
and it was found that the rate of successfully finding an appropriate 
case was 56%. 
 

Keywords—Bayesian network, face-to-face education, lecture 
adaptation, Q&A assistance. 

I. INTRODUCTION 
LTHOUGH online education using the Internet and other 
ICT technologies is becoming prevalent, face-to-face 

education, in which an instructor teaches a number of learners 
in a class, is still the standard method of teaching in most 
educational institutions. In this method, the instructor aims to 
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satisfy as many learners as possible in a class, which may 
consist of learners with different levels of understanding and 
proficiency. The instructor makes a variety of attempts to raise 
the satisfaction of learners, such as providing exercises after 
each lecture to raise learners’ degree of understanding and 
making sure that questions asked by learners are answered 
adequately. Whether these attempts are effective or not 
depends on the qualification and experience of individual 
instructors. Therefore, learners’ level of satisfaction often 
varies depending on the individual instructor, even for lectures 
on the same subject. Another problem is that the harder 
instructors try to prepare and evaluate exercises in a bid to raise 
learners’ satisfaction, the greater the workload on them 
becomes. 

Cashman et al. [1] proposed a method of enhancing learners’ 
satisfaction in face-to-face education. In this method, the 
instructor uses a Web-based Q&A system, and learners are 
required to solve exercises before the next lecture. Responses 
from learners help the instructor understand the status and 
characteristics of learners’ understanding and so adjust the way 
he or she conducts the next lecture. Although the introduction 
of such a system can raise learners’ satisfaction, it increases the 
workload on the instructor in preparing exercises and analyzing 
the exercise results. 

A recent study identifies four attributes of instructors that are 
helpful in online education: (i) knowledge, (ii) 
facilitation/stimulation, (iii) timely and helpful instructor 
feedback, and (iv) care and responsiveness to learners [2]. It 
finds that the fourth attribute is the most effective in raising the 
satisfaction of learners. 

Attention is focused on the importance of adapting teaching 
methods to learners, and a strategy has been proposed for 
providing educational material in a manner which is flexible 
and so can suit the degree of understanding of learners 
[4],[5],[6]. This strategy uses a causal network (Bayesian 
network [3]). A project is under way that aims to help local 
communities by providing university education to them using a 
ubiquitous learning system. It has been found necessary to 
introduce a help desk function to enable a wide spectrum of 
citizens to use this system. Therefore, a help desk system for 
the ubiquitous learning system has been studied [7]. 

It has been found that keys to high-quality face-to-face 
education are ensuring flexibility in the choice of educational 
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material and teaching strategy, and providing care and 
responsiveness to learners. This paper proposes a face-to-face 
education support method that is designed to raise the 
satisfaction of learners and to reduce the workload on 
instructors. It is assumed that the instructor receives feedback 
from learners after each face-to-face lecture, in the form of 
learners’ answers to exercises, and questions about lectures and 
exercises. 

This study encompasses the adaptation of lectures using 
learning achievement maps, and assistance provided by a Q&A 
approach based on case base searching. 

The aim of lecture adaptation using learning achievement 
maps is to ensure flexibility in the choice of educational 
material and teaching strategy. Exercises are given to learners 
after each lecture. Each learner inputs his or her answers into 
his or her learning achievement map. This map is used to 
calculate the degree of understanding of individual learners 
regarding past lectures, to derive the “expected degree of 
understanding” for the coming lecture, and to provide the 
flexible adjustment of the way the coming lecture is conducted. 

The aim of Q&A assistance based on case base searching is 
to provide care and responsiveness to learners. The Q&A 
assistance system interprets learners’ questions expressed in 
natural language (Japanese), extracts keywords that 
characterize each question, and searches the case base using 
these keywords as search keys for optimal answers, and 
provides answers to learners in natural language. 

The function described above is generally called a “help 
desk” function, and many studies have been made about this 
function [8],[9],[10]. As was mentioned above, a help desk 
system is currently being developed for a ubiquitous learning 
system that is intended to help local communities. The Q&A 
assistance method described in this paper has been developed 
based on the framework of this help desk system with 
customization for use in a face-to-face education support 
system. 

Section II describes the concept of the face-to-face education 
system. Section II.A provides an overview of the face-to-face 
education support system, while section II.B describes lecture 
adaptation using learning achievement maps. Section II.C 
describes Q&A assistance based on case-base searching. 

Section III describes the construction of a prototype 
face-to-face education support system, and evaluations made 
using this system. 

II. CONCEPT OF THE FACE-TO-FACE EDUCATION SUPPORT 
SYSTEM 

A.  Overview of the Face-to-Face Education Support System 
Fig. 1 shows the overall organization of the face-to-face 

education support system. The system consists of the lecture 
adaptation assistance part and the Q&A assistance part. The 
former calculates the expected degree of understanding of the 
class for the next, forthcoming lecture from their answers to 
exercises that were given after each past lecture, and selects 
educational material and the teaching strategy for the next 
lecture accordingly. The learning achievement maps shown in 

Fig. 1 play a central role in implementing these functions. They 
use a Bayesian network (BN) [7] to calculate the expected 
degree of understanding of a learner for the next lecture from 
his or her performance on exercises given in previous classes. 
The class management map integrates the states of the learning 
achievement maps of different learners in the class and uses 
class adaptation knowledge to determine the teaching strategy 
for the next lecture. Class adaptation knowledge is a knowledge 
base that stores knowledge about what teaching content and 
teaching strategy are most appropriate for each lecture in light 
of the overall degree of understanding of all learners in the 
class. 

Learning 
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Class guideline
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(Lecture adaptation assistance part)

(Q & A assistance part)

Japanese processing unit Case-base search unit

 
Fig. 1 Framework of the face-to-face education support system 
 
The Q&A assistance part is a help desk for students 

attending the lectures and consists of a Japanese (language) 
processing unit and a case-base search unit. The Japanese 
processing unit receives questions from learners in natural 
language (Japanese) and extracts keywords that characterize 
each question. It consists of three functions: morphological 
analysis, syntax analysis, and keyword extraction. The 
case-base search unit searches the case base for the most 
appropriate case based on the keywords given by the Japanese 
processing unit, and sends the answer for the selected case to 
the questioner. The case base contains pairs comprising 
pre-defined questions that are considered likely to occur and 
matching answers. 

 
B.  Lecture Adaptation Assistance Method 
This section focuses on the learning achievement map and 

describes its basic idea and the method of its implementation. 
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(1) Basic Idea and Method of Implementation of the 
Learning Achievement Map 
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Node

Field
Node

Topic
Node

Exercise 
Problem

Node

Exercise 
Problem

Node

F1 F2

T1 T2 T3 T4 T5 T6

TN

○×

 
Fig.2 Structure of the Learning Achievement Map 

 
As mentioned earlier, the learning achievement map is 

required to determine the degree of understanding of each 
learner for each lecture, and to provide a mechanism to ensure 
that learners’ performance in exercises on past lectures is 
reflected in the way the next lecture is conducted. These are 
achieved using a Bayesian network, which is structured as 
shown in Fig. 2.  The entire course of lectures is represented by 
the total node. A subject area within the course, here called a 
“learning field” is represented by a field node, while each topic  
discussed in a field is represented by a topic node. An exercise 
problem given for a topic is represented by an exercise problem 
node. Each of the nodes, the total node, field nodes and topic 
nodes, has two states: (the learner has) “understood” or “not 
understood”. Each exercise problem node also has two states: 
(the answer by the learner was) “correct” or “incorrect”. 

Each link between two nodes indicates the existence of some 
relation between the two nodes concerned. An exercise 
problem node can have relations with not only the topic node it 
belongs to but also other topic nodes. The strength of each 
relation is represented by a conditional probability defined 
between the nodes concerned. 

At the end of each lecture, learners must undertake an 
exercise that consists of a number of multiple-choice questions. 
In each multiple-choice question, the learner selects the one 
choice he or she thinks is correct from among a number of 
choices given. Learners must input their answers by one day 
before the day of the next lecture. It is determined automatically 
whether the input answers are correct or not, and this data is 
input to the exercise problem nodes shown in Fig. 2. When the 
states of all exercise problem nodes in the BN concerned have 
been determined, a certain probability propagation algorithm 
[3] is applied to update the probability of each state of each 
higher-level node successively. This probability not only 
indicates the degree of understanding of the topic already 
taught (the probability of the learner concerned having 

understood the topic) but also provides the expected degree of 
understanding of the future topics.  

A distinctive feature of this approach is that these expected 
values are reflected in the way future lectures are conducted. 
For example, assume that Topic T2 has been taught and 
Exercise problems E2_1 and E2_2 have been given. Further 
assume that the learner in question has answered E2_1 
incorrectly and E2_2 correctly. These results are reflected not 
only in T2 but also in T3, and consequently the expected degree 
of understanding for T3 is reduced. In other words, the impact 
of the correct answer for E2_2 is weakly reflected in T3 
through the path of T2→F1→T3 (hierarchical path). The 
impact of the incorrect answer for E2_1 is not only weakly 
reflected in T3 through the same path but also strongly reflected 
in T3 through the cross path of E2_1→T3. As a result, the 
expected degree of understanding for T3 is decreased, and this 
fact is used as a pointer in determining how to conduct the 
lecture on T3. 
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∏
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−==
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)|(
)|(
21 nTTTnQPb
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where, ‘Y’ represents a set of suffix r of node Tr   with a link to 
Q and state  ‘y.’. ‘y’ and ‘n’ stand for yes and no, respectively.
aj and b (background noise) are defined as:

 
Fig. 3 Noisy-or rule 

 
(2) Use of the Noisy-or Rule for Setting the Conditional 

Probabilities in a Learning Achievement Map 
As shown in Fig. 2, one exercise problem node may have 

links to more than one topic node. Suppose Exercise Problem 
Node Q has links to topic nodes T1 to Tm. Then, the 
conditional probability that should be set between Q and the 
topic nodes is expressed as P(Q | T1,…,Tm). The number of 
combinations of conditional probabilities to be set increases at 
a rate proportional to 2 to the power of m. If m is greater than 2, 
it is generally extremely difficult to determine conditional 
probabilities if all relations between topics are to be taken into 
consideration. It has been decided to use the Noisy-or rule [3] 
to simplify the calculation of conditional probabilities. 

The basic idea of using the Noisy-or rule for the calculation 
of a conditional probability is shown in Fig. 3. When this rule is 
used, the calculation of P(Q | T1,…,Tm) is reduced to the 
calculation of the product of P(Q | Tj) (j=1,…,m), which are 
conditional probabilities between Exercise Problem Node Q 
and individual topic nodes Tj (j=1,…,m). In other words, the 
designer of a learning achievement map needs only to give the 
conditional probabilities between the exercise problem node 
concerned and each of the topic nodes that have links to this 
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exercise problem node. Thus, the setting of conditional 
probabilities is dramatically simplified. 

Questions Morphological 
analysis

Syntax 
analysis

Keyword 
extraction

General 
dictionary

Terminological 
dictionary

Thesaurus

Japanese processing unit

Keywords

 
Fig. 4 Organization of the Japanese processing unit 

 
TABLEⅠ 

EXAMPLE OF THE THESAURUS 
ID Thesaurus 

name 
Keywords 

1 Method method, operation, handling 
2 Variable variable,  field, attribute 
3 Subclass subclass, child-class, extend-class 
4 Superclass superclass, parent-class 
5 Exception exception, error, abnormal-event 
 

C.  Q&A Assistance Method 
The Q&A assistance part is based on the framework of the 

help desk system for the ubiquitous learning system being 
developed, and has been customized to support face-to-face 
education. The basic ideas for its main components, the 
Japanese processing unit and the case-base search unit, are 
described below. 

 

1.  Japanese Processing Functions 
The organization of the Japanese processing unit is shown in 

Fig. 4. In the help desk system [7], Chasen [8] was used for 
morphological analysis, and Kabocha [9] for syntax analysis. 
The keyword extraction part, the terminological dictionary, and 
the thesaurus were developed by the authors. Among these, the 
terminological dictionary and the thesaurus are dependent on 
the specific subject area in which the help desk system is used 
because they are used to extract keywords that are specific to 
the subject area concerned. So, these have been developed as 
new elements for subject area to face-to-face education. The 
thesaurus contains identifiers each of which is associated with a 
group of similar keywords. Some examples of the thesaurus are 
shown in TABLE Ⅰ.  

 
2.  Case-Base Search Using a Probabilistic Index 
The organization of the case-base search unit is shown in Fig. 

5. The keywords extracted by the Japanese processing unit 
from the question input by a learner are input to the case-base 
search unit. The unit searches the case base for the case that is 
most relevant to these keywords, and sends the solutions 
contained in this case to the questioner. As shown in Fig. 5, 
each case consists of a question part and a matching answer part. 
The question part contains keywords that characterize the 
question, and the answer part describes the answer for the 
question. An example of a case is shown in Fig. 6. 

The first feature of the case-base search unit is the use of the 
index part shown in Fig. 5. The index part is built as a Bayesian 

network (BN) based on the case base. Specifically, a keyword 
node is associated with a keyword, and a case node with a case. 
There are links between a keyword node and related case 
nodes. 

 

Detection of 
Candidate Cases 

Solution & 
Editing

Keywords Candidate 
cases Solution

Keyword  nodes

Case nodes

Index

Question 1

Answer 1

Question n

Answer n

Case base

K1 Km

C1 Cn

Construction 
& Tuning of 
Index

Q&A history 
database

Expert

Case buffer

Case 1

Case n

 
Fig. 5 Organization of the Case-base search unit 

static variable,  static field, variable,  field

Question i  

Answer i  

・A variable belonging to a class
・It is shared with objects generated from

the class
・Example of the description

class A {
static variable staticA;

}

 
Fig. 6 Example of a case 

 
A case node consists only of the case identifier and a link to 

the actual case entity in the case base. Each Case node Ci is 
given a conditional probability P(Ci | Ki1, Ki2,…,Kin), which 
reflects the strength of the relation with each of the keyword 
nodes (Ki1,…,Kin) to which the case node has links. The 
Noisy-or rule described in Section II.C.2 is used to simplify the 
setting of these conditional probabilities. 

The second feature of the case-base search unit is the ability 
to fine-tune conditional probabilities P(Ci | Kip) between a 
keyword and related case nodes using the Q&A history data 
that have been accumulated through the operation of the system. 
The Q&A history database in Fig. 5 stores the accumulated 
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Q&As. The construction & tuning of index part fine-tunes 
index parameters using the Q&A history database and the case 
buffer. The case buffer temporarily stores cases created by 
experts when the case base contains no cases relevant to the 
question asked. 

TN

F1

T1 T2 T3 T4

E1_1 E1_5 E3_1 E3_5 E4_1 E4_5

T12 T6 T6 T6 T8

 
Fig. 7 Part of the experimental Learning Achievement Map 

 
The part of the case-base search unit that depends on the 

subject area is data in the case base. Therefore, the case base 
has been developed as a new element for face-to-face education 
of a specific subject area. The index part has also been newly 
developed from the case base.  

III. CONSTRUCTION AND EVALUATION OF A PROTOTYPE 
FACE-TO-FACE EDUCATION SUPPORT SYSTEM 

The educational support method was applied to the Java 
programming course in the authors’ university. A prototype 
system that implements the lecture adaptation and Q&A 
assistance methods described in Section II was built, and these 
methods were evaluated. The prototype system and evaluation 
results are described below. 

 
A.  Prototyping of Lecture Adaptation and Evaluation 
(1) Specific Method of Lecture Adaptation 
The level of lecture adaptation for the next lecture was 

classified into three levels according to the expected degree of 
understanding of the class. The three levels are referred to as 
the higher, normal and lower levels. A different set of learning 
content and teaching strategy was prepared for each level.  

Teaching strategy specifically means the way in which the 
next lecture incorporates the content of related past lectures. 

(2) Organization of the Learning Achievement Map and 
Parameter Values 

The Java programming course involved one lecture each 
week for 15 weeks. The content of the course was divided into  

 
 

TABLEⅡ  
SETTING OF CONDITIONAL PROBABILITIES 

Category Targeted 
position 

 Conditional 
probabilities 

TN  P (TN = y ) = 0.5 Hierarchica
l 

path 
TN - Fi  P (Fi = y | TN = y) = 0.65 

P (Fi = y | TN = n) = 0.35 
 Fi - Tij  P (Tij = y | Fi = y) = 0.65 

P (Tij = y | Fi = y) = 0.35 
 Tij - Eijk d.o.d. = 1 P (Eijk = y | Tij = y) = 0.75 

P(Eijk = y | Tij = n)  = 0.30 
  d.o.d. = 2 P (Eijk = y | Tij = y) = 0.70 

P (Eijk = y | Tij = n) = 0.25 
  d.o.d. = 3 P (Eijk = y | Tij = y) = 0.65 

P (Eijk = y | Tij = n) = 0.20 
  d.o.d. = 4 P (Eijk = y | Tij = y) = 0.60 

P (Eijk = y | Tij = n) = 0.15 
  d.o.d. = 5 P (Eijk = y | Tij = y) = 0.55 

P (Eijk = y | Tij = n) = 0.10 
Cross 
path 

Tpq - Eijk d.o.i. = 1 P (Eijk = y | Tpq = y)  
= P (Eijk = y | Tij = y) / 3.0 

  d.o.i. = 2 P (Eijk = y | Tpq = y)  
= P (Eijk = y | Tij = y) / 2.0 

  d.o.i. = 3 P (Eijk = y | Tpq = y)  
= P (Eijk = y | Tij = y) / 1.5 

 
six fields (subject areas) and 15 topics. Five multiple-choice 
exercise problems were developed for each topic. Each 
exercise problem had not only a link to the topic it belongs to 
but also links to other related topics. A part of the 
experimentally developed learning achievement map, relating 
to T1 to T4, is shown in Fig. 7. 

The parameter values (conditional probabilities) in each 
learning achievement map were set as shown in TABLE Ⅱ. The 
degree of difficulty of exercise problems was classified into 
five degrees: (1) easy, (2) rather easy, (3) normal, (4) rather 
difficult, and (5) difficult. A parameter value appropriate for 
the specific degree of difficulty was assigned to each link 
between an exercise problem and the topic it belongs to. Each 
link between an exercise problem and a topic other than the one 
it belongs to was classified according to how strongly the 
problem and the topic are related to each other. Specifically, 
such cross links were classified into three degrees of influence 
(d.o.i), and a different parameter value was assigned for each 
degree of influence. In the order of the degree of influence, the 
parameter value set to a cross link is the parameter value of the 
hierarchical path divided by 3, 2 or 1.5. 
 

(3) Study of Lecture Adaptation Using Three Levels 
Under the assumptions described in (1) and (2), models 

which might be useful for determining the lecture adaptation 
level most appropriate for the obtained expected degree of 
understanding were studied, in order to adapt the next lecture 
according to the performance of the learners in the class in past 
lectures. These models are referred to as lecture adaptation 
discrimination models. Specifically the five candidate models 
shown in TABLE Ⅲ were developed based on a theoretical 
study of the Java programming course conducted from April to  
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TABLEⅢ  
LECTURE ADAPTATION DISCRIMINATION MODELS FOR THREE LEVEL 

ADAPTATIONS 
Models   Range of expected d.o.u. for three level discrimination 
                          Lower level          Normal level    Higher level 
                             (level 1)               (level 2)           (level 3) 
M1                  0.0 – 0.30        0.30 – 0.70    0.70 – 1.0 
M2                  0.0 – 0.35        0.35 – 0.65    0.65 – 1.0 
M3                  0.0 – 0.40        0.40 – 0.60    0.60 – 1.0 

     M4                 0.0 – 0.45        0.45 – 0.55    0.55 – 1.0 
     M5                 0.0 – 0.48        0.48 – 0.53    0.53 – 1.0 
d.o.u  : degree of understanding  

 
TABLE Ⅳ  

RESULTS OF THE EVALUATION OF THE FIVE LECTURE ADAPTATION 
DISCRIMINATION MODELS  

Lecture 
number 

Weighed 
average 
accuracy 
rate of the 
related past  

exercise 
problems 

Expected 
value of 

d.o.u. 

Results of level 
discrimination by  

each model 
 
 
 
M1  M2  M3  M4  M5 

2 0.82 0.64 2      2      3      3      3 
3 0.88 0.60 2      2      3      3      3 
6 0.79 0.63 2      2      3      3      3 
8 0.57 0.47 2      2      2      2      1 
9 0.78 0.49 2      2      2      2      2 
10 0.80 0.54 2      2      2      2      3 
11 0.75 0.50 2      2      2      2      2 
12 0.64 0.50 2      2      2      2      2 

 
July, 2008. Each model uses different ranges of the expected 
degree of understanding for the classification into the three 
adaptation levels. These models were compared in terms of 
how appropriately they select the lecture adaptation level for 
the next lecture based on the performance of the class in related 
past lectures. The evaluation results are shown in TABLE Ⅳ. 

Each row in TABLE Ⅳ shows, for a specific lecture, the 
average rate of learners’ correctly answering exercise problems 
for related past lectures taking the d.o.d. and the d.o.i. of each 
exercise problem into consideration. It also shows the expected 
degree of understanding for the lecture, and the lecture 
adaptation level assigned by each discrimination model. It was 
found that Models 3 and 4 in TABLE Ⅲ assigned levels in a way 
that does not contradict the level-assignment judgment by 
human experts. Therefore, the optimal discrimination model 
will be somewhere between Models 3 and 4. 
 

B.  Prototyping of Q&A Assistance and Subsequent 
Evaluation 

(1) Building of the Case Base, Terminological Dictionary 
and Thesaurus 

As described in Section II.C., it is necessary to build the case 
base, terminological dictionary and thesaurus specifically for 
the lecture course to which the system is to be applied. 

TABLEⅤ  
RESULTS OF THE EXPERIMENT ON RETRIEVAL RATE 

 Java 
Programming 

(%) 

U-learning 
System 

KUSEL(%) 

Dialog 
Navigator 

(%) 
Successful retrieval 

rate 
56 77 58 

(65)* 
Unsuccessful 

retrieval rate with 
appropriate cases 

16 5 8 
(7)* 

Unsuccessful 
retrieval rate 

without appropriate 
cases 

 
28 

 
18 

 
34 

(28)* 

* with use of the method for improving inappropriate questions 
 

A case base for the Java programming course was built by 
referring to textbooks, Webpages and literature. The case base 
contains 168 cases, each of which consists of a question part 
and an answer part as shown in Fig. 6. 

A terminological dictionary and thesaurus for the subject 
area of Java programming were created. These are 
implemented into the Japanese processing unit shown in Fig. 4. 
No prior knowledge was available about the frequency at which 
each case is accessed by learners. So, in setting the parameter 
values (conditional probabilities for links between keyword 
nodes and case nodes) in the case search index shown in Fig. 5, 
it was assumed that, when a keyword is related to more than 
one case, it is related to each case equally. 

(2) Evaluations of Search Performance 
The subjects for an evaluation experiment were five students 

who had taken the Java programming course in the past and 
who did not know about the content of the case base. Each 
subject thought of 10 questions, and the successful retrieval 
rate for these questions were examined. Successful and 
unsuccessful retrievals are defined as follows: 

Successful retrieval: There is an appropriate case in the case 
base, and it is among the top three candidate cases retrieved. 

Unsuccessful retrieval (an appropriate case exists): There is 
an appropriate case in the case base, but it is not among the top 
three candidate cases retrieved. 

Unsuccessful retrieval (no appropriate case exists): There is 
no appropriate case in the case base. 

The results of this experiment are shown in TABLE Ⅴ. For 
comparison, TABLE Ⅴ also includes the successful retrieval 
rate for two systems in different categories: a ubiquitous 
learning system called KUSEL, which uses the same Q&A 
assistance framework, and the Dialog Navigator [11], which 
takes an approach similar to the study in this paper and which 
accepts questions in natural language (Japanese). 

The successful retrieval rate for Java programming was 56%. 
The authors will try to enhance the successful retrieval rate 

by reinforcing the case base for Java programming and also by 
fine-tuning the parameter values in the case search index. 

World Academy of Science, Engineering and Technology
International Journal of Computer and Information Engineering

 Vol:2, No:10, 2008 

3377International Scholarly and Scientific Research & Innovation 2(10) 2008 ISNI:0000000091950263

O
pe

n 
Sc

ie
nc

e 
In

de
x,

 C
om

pu
te

r 
an

d 
In

fo
rm

at
io

n 
E

ng
in

ee
ri

ng
 V

ol
:2

, N
o:

10
, 2

00
8 

pu
bl

ic
at

io
ns

.w
as

et
.o

rg
/1

57
72

.p
df



 

 

IV. CONCLUSION 
Considering that keys to high-quality face-to-face education 

are ensuring flexibility in the way lectures are given (in 
particular, educational material and teaching strategy), and 
providing care and responsiveness to learners, this paper has 
proposed a face-to-face education support system that is 
designed to raise the satisfaction of learners and reduce the 
workload on instructors. This system consists of a lecture 
adaptation assistance part, which assists instructors in adapting 
teaching content and strategy, and a Q&A assistance part, 
which provides learners with answers to their questions.  

The core component of the former part is a learning 
achievement map, which is composed of a Bayesian network 
(BN). From learners’ performance in exercises on related past 
lectures, the lecture adaptation assistance part obtains 
information that is then used to adapt the way that future 
lectures are conducted.  

The core component of the Q&A assistance part is a case 
base, which accumulates cases consisting of questions expected 
from learners and corresponding answers to those questions. 
The Q&A assistance part is a case-based search system 
equipped with a case search index, which performs 
probabilistic inference. 

A prototype face-to-face education support system has been 
built, which is intended for use in the teaching of Java 
programming in the authors’ university, and this approach was 
evaluated using this system. For the lecture adaptation 
assistance part, how to associate the expected degree of 
understanding for the next lecture, which is derived from the 
results of exercises on the related past lectures, with one of the 
three lecture adaptation levels has been studied, and a model 
has been identified that indicates an appropriate range of the 
expected degree of understanding for each level. For the Q&A 
assistance part, a case-base search system with 168 cases has 
been built in the case base. An experiment was conducted with 
five subjects, each of whom thought of 10 questions. The 
successful retrieval rate obtained in this experiment was 56%. 
The successful retrieval rate is defined as the rate at which an 
appropriate case is found among the top three candidate cases 
retrieved. 

The authors will try to enhance the successful retrieval rate 
by reinforcing the case base and also by fine-tuning the 
parameter values in the case search index based on their 
experience with the operation of the system. 
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