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1-4~1 Introduction

An appropriate correspondence is required in various fields, in responge to
such a present situation conditioned by @ the high efficiency and the
inexpensiveness of a personal computer, & the diffusion of a personal
computer network accompanied by a release of a communication market, @ and
the advanced technetronic society. 1In the field of education, computer aided
education that is expected to enforce individual, open and modern education is
worthy of attention again and seems to be gradually infiltrating school
education, company education, home study and life study. It is conceivable
that the practical use of a personal computer in school education is
represented by two phases: one is a study based on coursewear (it seems that
the study in a drill mode is the most popular) and the other is a study based
on educational material such as a computer graphics simulation.

The research in "Artificial Intelligence” started, that tries to construct
an intelligent activity of human beings in engineering terms, together with
the birth of a computer. In an application field of "Artificial Intelligence”
such as machine translation, image processing, robot etc., an expert systen
has mostly practical uses. An expert system is able to be utilized in an
educational phase which differs from the two phases mentioned above if the
system is able to answer user’s questions; why the system asked such a
question or how the system got the conclusion.

In this paper, the authors developed an expert system that assists a user
trying to decide a subject in "Practice in Woodworking” by using the Japanese
expert shell ”Sogen”, and will clarify what kind of role the expert systenm
plays in computer aided education.

1-4-2 Expert system and Expert shell

An expert system implies an Intelligent program, in which an expert’s
special knowledge,in a particular field is constructed as rules, and which
solves a problem by using rules as if an expert would. In other words, an
expert system is composed of the Kowledge Base and the Inference Engine as
shown in Figure 1-4-1. A knowledge engineer arranges an expert’s fragmentary
knowledge and stores them as rules in the Knowledge Base. The Inference
Engine leads the problem to the conclusion by combining rules.

The most important problem is how to express knowledge because the incorpo-
ration of an expert’s knowledge to the Knowledge Base with some sort of
systematic form is needed. There is the production rule method to express
knowledge. This rule consists of "Assumption (if +-+<+)” and "Conclusion
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(then «+--- )”, and a set of

Expert
rules composes the Knowledge (Knowledge Engineer) User
Base in Figure 1-4-1. The
production rule is character-

jzed by the following proper-

ties. @ The comprehension

is intuitive because the pro-

duction rule is quite agree- Knowledge Inference

able to a human thinking proc- Base Engine

ess and also it is easy to

systematically organize knowl-
edge. @ The modular nature Figure 1-4-1 Expert system

of knowledge is excellent,

therefore a confusion when a system is expanded is avoided because an addition
or a change of knowledge is quite easy. ® Such characteristics as so-called
”an explosion phenomenon peculiar to a combination” scarcely occurs as for the
basis of the Knowledge Base, unlike an algorithm form, even if a combination
of a condition increases'!!.

A remarkable characteristic of an expert system is that the Knowledge Base
and the Inference Engine are separated clearly, that is to say, an expert
system in various fields is easily created by only preparing appropriate rules
in the Knowledge Base. Such software called "Expert shell” as prepares the
Inference Engine and the empty Knowledge Base is available. The Japanese
expert shell "Sogen” is used in this paper. A user is able to solve a problem
through a conversation between he/she and the system that is constructed in
the shell. The system displays questions and the conclusion. The user is
able to inquire why such questions are asked and how the conclusion was led,
by carrying out the WHY function and the HOW function of the system, respec-
tively. The WHY function explains the bases of questions and also the HOW
function explains how the user’s answer affected the conclusion and which

rules were applied to the conclusion (including interim conclusions)!2?,

1-4-3 Example

The Department of Technology opens the Practice in Woodworking class. The
main theme of this class is how to reflect knowledge obtained through "Wood-
working I” and ”Laboratory in Engineering I (a field concerned in Wood-
working I)” in a practice subject (product). Usually students consult an
instructor on his/her subject in the class. At this time, an instructor’s
advice to a student, for instance advice regarding how to bond materials or
which machine is appropriate, is equivalent to an expert’s one, then we may
say that an expert system exists in this case. We cannot help, incidentally,
say, that the sufficient correspondence is not taken in consequence of time
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Therefore, it is desirable to
develop an expert system in engineering terms, from which each student is able
to receive advice whenever he/she wants.

restriction for the individual guidance.

The system developed here is able
to consider personal motives such as an interest, a distinction of a home or
a lodging, the necessity to tidy up s room, practicality of product and so on,
and also is able to consider such parameters from the viewpoint of education
as are time, cost, materials, bonding methods and machines. The system pre-
pares 83 subjects (products) as shown in Table 1-4-1 and 288 rules '3:47,
Rules are not, however mentioned in this paper for convenience sake of a space,
An instance of a conversation between a user and the expert system is out-

lined below.
@ The title frame is displayed as follows.
@ Subsequently, the system asks a question® as shown in Photo 1-4-1. In this
case, the user chooses the item (1).
® The system asks that "The field of your interest is

(1) Music

(2) Art/Craftwork

(3) Literature

(4) Science and Engineering

Table 1-4-1 Practice subject (goal)
speaker hox slipper rack bookcase 5
cassette rack footstool hookcase 6
record case legless chair hookcase 7
audio rack checkerhoard hookcase 8
AV bhoard chesshoard hookcase 9
cahinet for television frame hookcase 10
microscomputer rack easel 1 hookcase 11

space box

magazine rack
document filing box
slide type folding chair
rocking chair

stool

hanger stand
display shelf
tablevare shelf
convenience wagon
counter wagon
service tray

shoe box

umbrella stand

accessory hox
sewing hox
hench

hench chest
Work seat
flowerpot hox
kennel

work tabhle
toolhox
wailbox
hookcase
hookcase
hookcase
hookcase

BBV (V)

hookcase 12
hookcase 13
hookcase 14
hookcase 15
hookcase 16
bhookstand 1
bookstand 2
desk

writing bureau
chair

tahle

extra table
telephone table
trash basket

* The system asks only necessary auestions at the time. Paradoxically speaking, the system has rules which
will be never questioned according to the user’s response.
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1 (this system) will help you making a decision about your subject
(product) that you are going to produce in the Practice in Woodwork-
ing class. In other words, [ will propose subjects (products) which
are suitable to your taste and intention.

I will ask you some questions. Choose the corresponding item with
cursor keys, then push the return key, please.

Now, | will execute in the following order.

(1) First of all, 1 will -ask you about your interest, practicality
of product, your life style and so on. Then | will narrow down
the range of subjects that will be proposed considering your
replies to these guestions and will display the result as "The
conclusion based on your personal motive”, if you need.

(2) T will ask you some questions from the viewpoint of reflecting
upon knowledge obtained through "Woodworking I and "Laboratory
in Engineering I)” in the suject which you are going to produce
Then, I will narrow down the range of subjects just like stage
(1), and will show you the result as "The conclusion based on
the viewpoint of education”, if you need.

(3) Finally, 1 will propose to you subjects considering comprehen-
sively the results obtained at stage (1) and (2). And also vou
may watch the sketch drawing of the subject, if you need.

Also, | prepare educational functions such as the WHY function and
the HOW function. Use the ¥HY function when you would like to know
why such a question was asked, and use the HOW function when you
would like to know how the conclusion was obtained. So you are able
to comprehend my thought and are able to analyze the difference in
thinking processes between you and 1, through a conversation with me.
I would like to suggest that you should try to use these functions.

Then, push the f-10 key and advance to the next frame, please.

(5) Game
(8) Others”.

In this case, (2) is chosen.

@ The system asks whether the user’s room is necessary to be tidied up or

not, then choose "necessary”.

® Choose (2) for the question; (1) product for practical use, (2) decorative

product.

® Reply "home” for the question “home/lodging”.

@ At this stage, the system asks whether *The conclusion based on your
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personal motive” should be displayed or not. ¥hen “indication™ is chosen, the
output frame is displayed as shown in Photo 1-4-2. In this way, the product
that was suggested on the basis of a personal motive is displayed.

® The system asks the question about the cost required to produce, then
answer "from 2000 yen to 4000 yen”.

@ Subsequently, the question "I want to use (1) plain, flat cut boards, (2)
square columns, sainly” is posed, then answser (1).

@ ”"Do you use a machine for woodworking ?” is questioned, then reply "yes”.
@ At this stage, the system asks whether “"The conclusion based on the view-
point of education” is needed to display or not. Therefore, the output frame
is displayed as shown in Photo 1-4-3, if ”indication” is chosen. In this way,
the user finds products in which knowledge obtained through “Yoodworking I~
and "Laboratory in Engineering I” is reflected. The bookcase #9 and the book-
case #10 should also be the subject in addition to these 4 subjects shown in

The product that you
( COfO L) T
{2)-NOT concerning your interest.

e m e e Photo 1-4-1
Choose a corresponding item, pl :
T 1 : Shift
o
QUTPU
[ The conclusion based on your personal motivel]
[ will sug t to you the following products that are suitable to your
interest aad so on.
(1.01) Display Shelf { Certainty Factor = r0.51 )
(1.02} Convenience Wagon tainty Factor = +0.48 )
{1.03) b int) ctor +0.44 )
.04) ine Rack Lor = +(.38 )
.05} Box ( C g }
.06) R g 3 Se Factor - )
Advance to the next step, please.
o e - W Photo [-4-2

Push the f-10 key when vou have read the frame, please.

‘o Lces Careel
s
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Photo 1-4-8. However, the value of the Certainty Factor® of these bookcases
is 0.21, sothese products are eliminated from the recommendation. This is
because that the minimum value of the Certainty Factor is set up with 0.4 in
this systen.

® "The comprehensive conclusion” is displayed as shown in Photo 1-4-4, after
"The conclusion based on your personal motive” and "The conclusion hased on
the viewpoint of education” were obtained through stages mentioned above. At
this stage, meta-knowledge (meta-rules) is used to control knowledge (rules).
@ Finally, the system asks whether the output frame of the sketch drawing of
"yes”.
@ As a result, the sketch drawing shown in Photo 1-4-5 is displayed as an

the proposed subject is required or not, then answer

exanple,

Through a conversation with the system, users are able to learn why such a
question was asked at each stage @~® and &~® by using the WHY funcion
and through what kind of process the conclusion was led at each stage @, @
and ® by using the HOY function. Therefore, users are able to acquire the
expert’s thought, are able to review the contents of study items that were
related to the subject and are able to find the difference in thinking proc-
esses between the user and the expert.

The WHY frame is displayed as shown in Photo 1-4-8, when a user tries to
learn why the system asked the question shown in Photo 1-4-1 by using the ¥HY
function**as an example. According to Photo 1-4-8, the user finds that making
a decision about "The product that you want to produce is < choices >.” is
necessary for deciding "The interim concluion (the reiation between the inter-
est and the product) < choices >”. In other words, the user Tinds that the
system requiresto recognize whether the product which the user wants to pro-
duce concerns his/her interest or not, when the system infers from rule #1
(the system examines whether the rule is effective or not, in the order of
rule number from #1). Furthermore, by the repetition of this procedure, the
user is sble to comprehend that deciding "The interim conclusion (the relation
between the interest and the product) < choices >” is necessary for deciding ”
| will suggest to you the following products that are suitable to your inter-
est and so on < choices >.” and that deciding this rule is necessary for
deciding "Comprehensively, the following products are suggested < choices ».”
(goal).

The HOW frame is displayed as shown in Photo 1-4-7, when the user tried to
know how the display shelf (see Photo 1-4-4) was proposed as a subject by

* The content of the fact which we always experience is so ambiguous that the Certainty Factor is able to be
addert to a rufe by using the valtue from -1.0 (complete negation) to 1.0 (compiete affirmation) to express
the certainty)

°* Execute by pushing the f+1 key.
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[ The conclusion based on the viewpoint of education]} |

[ will suggest to you the following products judging from the viewpoint of
education. .

{1.01) Display Shelf { Certainty M( tor = +0.

(1.02) Convenience Wagon { Certainty Fa EREEi N

{1.03)  Speaker Box { Certainty d +0.51

(1.04) Bookcase 11 ( Certainty F: = +Q.

Advance to the next step, please.

. , . Photo 1-4-3

Push the f-10 key when you have read the {rame, please.

 § 0¥ Print fReteyv JoioicesH 8§ Concel §oHelo B oNext |

Fito Name 00D, k?

[ The comprehensive conclusion]

it is my great pleasure to show you the subjects and their summaries.
I hope you are willing to accept my proposal.

{1.01) Comprehensively, the following products are suggested.
Display Shelf { Certainty Fator = +0.51)
[ A cabinei-type display shelf to decorate a wall.}
The following conditions are recommended.
The staggered shelf.
Joint ¢ box joint, boused joint and mitred corner.
Ffront edge : mouldinsg.

{1.92) Lomprehensively, the following produc e suggested.
Convenience ¥agon { Certainty Fator = +0.48 )

[ 4 convenience wagon to arrange tools etc. at work, ]

T T I i A Photo 1-4-4
Push the f-10 key when you have read the frame, please.

L O B Print @ Retey BhoicosHf B Coocel §liclh B Next f

[File Name HOOD, EX P QUTPHT .

- [ The Sketch Drawing]
{ will show you an example.

Photo 1-4-5
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using the HO¥ function®. According to Photo 1-4-7, it is found that rule #120
(meta-rule) was applied. Furthermore, when the user tries to know how the ist
assumption of rule #120 was applied for instance, he/she finds rule #33 (Photo
1-4-8) was applied, and as for the st assumption of rule #33 for instance, he
/she finds rule #2 (Photo 1-4-9) was applied. Finally, the system displays
that the user’s interest, that is the field of art/craftwork, was given by him
/her in case of the 2nd assumption in rule #2, and the execution of the HOW
function ends. Also, when the user tries to know how the 2nd assumption of
rule #120 (see Photo 1-4-7) was applied for instance, he/she finds rule #99
(Photo 1-4-10) was applied, and similarly, when the user tries to know how the
2nd assumption of rule #99 was applied, he/she finds that 2 rules, rule #72
(Photo 1-4-11) and rule #81 (Photo 1-4-12) were applied**. Furthermore, as
for the assumption of rule #72 (see Photo 1-4-11), the user finds that rule
#66 (Photo 1-4-13) was applied. Finally, the system displays; "It was given by
you that you want to use plain,flat cut boards, mainly.” in the case of the
assumption of rule #81(see Photo 1-4-12), and "It was given by you that the
cost for the product is from 2000 yen to 4000 yen per student.” in the case of
the assumption of rule #66 (see Photol-4-13), then the execution of the HOW
function ends.

Thus the user is able to comprehend how products were proposed as subjects
by tracing the progress of the inference under various conditions and also is
able to comprehend the changes of the Certainty Factor.

1-4-4 Evaluation of the system and Discussion

35 students who are studying or have studied "Practice in Woodworking” made
good use of this system and filled out questionnaires on the following scale
labels (evaluation items). The evaluation by 5 point scale (evaluation index;
-2, -1, 0; 1, 2) ranging from inferior to superior, was adopted (Figure 1-4-2),

® The feelings of satisfaction of one’s own taste represented by one’s
interest etc.: Whether the products (usually, plural) that were suggested as
”The conclusion based on your personal motive” are agreeable to one’s interest
the practicality of the product and one’s life style or not.

® The feelings of the attainment of one’s intention based on the viewpoint
of education: Whether knowledge obtained through “"Woodworking I” and “Labo-
ratory in Engineering I (a field concerned in Woodworking I )” is reflected
in the product or not.

® The value as a consultation system: Whether the system is valuable as a
consultant or not.

@ The comprehension of the intention of the question (the WHY function):
How well the user is able to comprehend the expert’s thought. In other words,

* Execute by pushing the f+2 key.
** Note that the Certainty Factor is indicated by the negative (minus) sign.
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that you want to produce is {{hoices’

for deciding '
“The interim conclusion (the relation between the interest and the product)
{Choicesy . "

This is decieded by the following rule.

Rule 1
if .
1) The product that yvou want to produ is concerning vour interest.
ainty Factor <= «1.00 )
and
«1.00
then
3) The int
product) Musi i N

[ T T ar— e o e SOVRU ; Photﬁ 1-4—8
Return to the previous frame : Push the -8 ke
Return to the original f{rame : Push the f-10 key,

I NN N

“Comprehensively, the following products are suggested. Display
{ Certainty
was led by applying the following rule.

The Certainty Factor becomes +0.%1 by applying the following rule

Rule 120
If
1) 1 will suggest to vou the following
intere and so on. Display Shetf { +0.2 ¢
and 2} [ will suggest to you the foliowing produ judging from the viewpoint
of education. Display Shelf { +0.2 <= Certainty or <= +1,00 )
then
3) Comprehensively, the following products are suggested. Display Shelf ;
g or = +1.00

e : S Photo 1-4-7
Return to the previous fra
Return to the original fr : Push the f-10 key, please.
L

FOTS NN NN BN RETTENN NI STNENEE

"I will suggest te vou the following products that are suitable to your interest
and so on. Display Shelf” ( Certainty Factor = +0.51 )
was led by dpplying the following rule.

The Certainty Factor becomes +0.51 by applying the following rule
Rule 33
if
1) The interinm coaclusion {(the relation between the interest the
product) Art/Craftwork. { +0.20 (= Certainty Factor +1.00 )

and -2} The interim conclusion {the relation between vour living environment and
wood product) Others, Home. { +0.20 ¢(= Certainty Factor +1.00 ) or
The interim conclusion (the relation between your living eavivonment and
wood product) Others, Lodging. { +0.20 (= Certainty Facter <> +1,00 }

I will suggest to vou the following products that are suitable to yvour
interest and so on. Display Shelf ( Certainty Factor = +0.80 )
== = — —( continued ) Photo 1-4-8
Return to the previous frame : Push the f-8 key, please.
Return to the original frame : Push the f-10 key. plea

MERENE NN NSRS AN S
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"The lntemm conclusion (the relation between the intere: id the product) Art/
{ Certaintyv Factor = +0.R0 )

was led by the following rule.

The Certainty Factor becomes +0,80 by applying the following rule.

Rule 2
if
1} The product that you waot to p
{ +0.2
and 2} The field of your interest is
( +0.
then

product) Art/Craftwork.

e SRR Photo 1-4-9

: Push the -8 key, pleas
Push the {- 1€’0 key, ple

educa?mn Dlspta She { (c:t.amfv lactm = +0.57
was led by applying the following rule.

The Certainty Factor becomes +0.57 by applying the following rule.

Ruie 99
If,
1} I want to adopt more than 3 types of joints.

( +0.58 (= Certainty Factm‘ (= +0.90 )
and 2} 1 do NOT want to use the hollow-chisel mortiser.

{ +0.30 <= Certainty Factor <= +0.70 )
and 3} | want to use the jiz saw.

{ +0.50 (= Certainty Factor <= +0.9( )
then

4y 1 will suggest to you the following products judging from the viewpoint
of education. Display Shelf ( Certainty Factor = +0.90 }
T et [ 10t0 [-4-10

Return to the previous frame : Push the f key. please.
Return to the o:’ignal frame : Push the f- 1(} key, please.

"I want to use the hollow-chisel mortiser.’ { Certainty Factor =
was led by applying tvo rules,

I will show you the lst one.
The Certainty Factor becomes +0.72 by applying the following rule.

1} I want to spend time from 20 hours to 30 hours.
{ +0.50 <= Certainty Factor (= +1.00 )

23 | want to use the hollow-chisel mortiser.
( Certainty Factor = +0.90 )

e Photo 1-4-11
i 1 Previous Rule 1l : Next Rule

Return to the previous frame : Push the f-8§ key, please.

Return to the original frame : Push the f-10 key, please,

N B BTN DS D TS BN EerRnN RTINS TG
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ainty Factor = —0.64 }
by applyir
show you the

The Certainty Factor becomes —0.64 by applying the following rule.

fule 81
if . .
’ 1) I want to use plain, flat cut boards, mainly.
{ +0.50 <= Certainty Factor (= «1.00)
then )
2y 1 do NOT want to use the hollow-chisel m .
y Factor = <0.90 )

3} [ do NOT want to use the wood-ituruing la
{ Ce

it ivieiatals - e ™ Photo 1-4-12

: Previous Rule .
Returss to the previous frame : Push the -8 key, please.
Return to the original frame : Push the -10 key, please. -
£1-1131

I ctor = +0.80 }
was led by applying the folloving rule.

The Certainty Factor becomes +§.80 by applving the following rule.

Rule 66

1} [ xant to spend money from 2000 ven to 4000 ven.
{ +0.5 (= Certainty Factor (= +1.00 }
then
2) I want to spend time from 20 hours to 30 hours,
{ Certainty Factor = +0.80 )

Photo 1-4-18

Return to the previous frame : Push the {8 key, please. *
Return to the original frame : Push the f-10 key, please. )

MU BNICONN SRUTTON NAVEENN BN W BN ETEON NIRRE Tl

how well the user is able to comprehend the points which the expert thinks
important.

® The comprehension of the expert’s thinking process (the HOW function):
How well the user is able to analyze the difference of the thinking process
between the expert and the user by tracing back the process.

The review of gtudy items: How well the user is able to review the
content that studied in "Woodworking I ™ and "Laboratory in Engineering 1 (a
field concerned in Woodworking I }” through the explanation abhout the proposed
Subject.

@ The value as a trainer: How well the application, the development and
the settlement of knowledge regarding Woodworking are able to be expected
owing to the user’s ability to experience various situations easily by
changing the interest variously for example and how well the proposed subjects,
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The number of students / 35 students {%)
ITEM B 58 100

Satisfaction @ I S

Attainment @ BT oCu.nZaCeCelele e aReSnl Sn 0
Consultation @ EF T WX W W
WHY function @ Fi i G,
HOW function ®&h R e
R R A R KR I
PPt NS YA

Review ®Ff

Trainer @

INDEX -2 12

Inferior Superior

Figure 1-4-2 Results of evaluation

the thinking process and so on for each situation are able to be learn.

Figure 1-4-2 shows that more than 55% of the students evaluated this system
superior (the evaluation index 1 and 2 in the figure) on every evaluation
item. This result implies that the expert system plays an important role in
computer aided education, In regard to each of 4 items such as "@ the value
as a consultaion system”, @ the WHY function”, "® the HO¥ function” and "®
the value as a trainer”, it should be especially noticed that more than 70% of
the students evaluated this system superior. In addition, the remarkable
difference between "the value as a trainer” and another 3 items is observed as
follows. As to "the value as a trainer”, about 50% of the students showed a
highly positive attitude scored 2 and this percentage is above 2 times as much
as that of the index 1. In the case of another 3 items, the percentage of the
index 2 is less than that of the index 1. From these results, it should be
emphasized that “the value as a trainer” is in many ways superior. On the
other hand, we must pay attention to the fact that there are students who
evaluated the system inferior (the index -1 and -2) on every item, though the
percentage is less than 15%. This result suggest that we must recognize the
limit in application of the expert system. As a result, it is considered that
primarily individualized and high quality education will be expected to
introduce the expert system because the instructor is thereby able to spend
appropriately more time on individual education owing to the fact that he/she
is not needed to guide each students conventionally.
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1-4-6 Conclusion

An expert system was constructed by using an expert shell (a tool to con-
struct an expert system) in this paper. The system is able to show the con-
clusion (the practice subject) with it’s sketch drawing and prepares the
certainty based on the expert’s experience in "Practice in Woodworking”.
Through a conversation with the system, a user is able to ask the intention of
the question and is able to learn what kind of rule was applied in the process
of inference. As a result, it is admitted that the system is especially
valuable as a trainer. Furthermore, it is considered that the utility value
as a trainer will be expected similarly in other educational fields such as
the adjustment of a gasoline engine (a relation between knocking and a cause,
for example) or the malfunction diagnosis in an electric circuit (a relation
between a symptom and a cause) and so on.
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