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Abstract

This paper describes a fully operational intelligent tutoring system which incorporates ar-
tificial intelligence techniques to produce a computer aided instruction system for computer
configuration and troubleshooting in the domain of education. Much of its logical or infer-
encing capabilities are derived from buman expert in conjunction with uses of simulation
models. .

The system also includes a high tuned structure for allowing students to communicate
through a natural language dialogue and cotour graphics. Although the system is extremely
large, it is sufficiently fast to be exercised in a waining or classroom environment.

The system goes through three phases: teaching phase, diagnostic phase, and evaluation
phase. It is devolped to be a step for improving the quality of education at low cost and to
overcome the problems in existing approaches. It is divided into madules, each one contains
a collection of PROLOG programs and produces several windows and about 150 colour
screens.

Students were considered as a model to be a major  thrust in the system, Experiments
had been carried out to study the effectiveness of the system and the iprovements in the aca-
demic achievement of stwudents .

Results concluded the positive effect of thesystem where the experimental groups, which
used the computer aided educational expert technique, had significantly greater gains than the
control groups, which used traditional techniques, and had poor progress.
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I-INTRODUCTION

Expert System (ES) is a new technology and at the present time is being used to con-
struct relatively simple human-computer systems. These systems try to emulate human ex-
perts. The British Computer Soclety's Specialist Group on the subject has proposed a for-
mal definition [2].

An expert system is regarded as the embodiment within a computer of & knowledge-based
component, from an expert skill, in such a form that the system can offer intelligent advice
or take an intelligent decision about a processing function, There are in fact four essen-
tial components of a fully fledged expert system [4]:

{1) The knowledge base.

(2) The inference engine.

(3) The consultation and explanation facilities

{4) The user interface.

In recent years, Intelligance Computer Assisted Instruction (ICAI) systems based on
expert system approach are developed [6].Their contents and instructional strategies take
the form of semantically related concepts and inference rules, this resuits ina less rigid
instructional process .

The characteristics of the ICAI systems are mixed-initiative dialogue, a semantic or
knowiedge network and error diagnosis [3]. For the above reasons, ICAI systems can
provide a mush finer degree of individual instruction and aliow the learner for a great con-
trol over the instructional interaction.

[r this paper we present an Educational Expert System which is considered as an appli-
cation for the ICAI systems

II-EDUCATIONAL EXPERT SYSTEM (EES)
1-EES BUILDING STEPS :

As a first step for EES building, knowledge representation should be prepared. Great
amount of informations are represented in facts and rules for surface representation, or in
frames and semantic nets for deep representation of data structure and encoding infor-
mation.

The second step is the key of any expert system, it is the inference engine which
force the static knowledge base and control structure by checking the knowledge base
and executing the suitable rules to achieve the decided goal. This can be done by following
both forward or backward chaining.

The third stepis the method of knowledge acquisition with keeping in mind that ad-

_ditions or modifications for knowledge may be required. It is used to assist with the
development of the knowledge base and, to check incoming knowledge for possible
consistencies and redundancies.

Then, the last step is the user interface which is made in the form of menu-screens
where, the user can choose his option or path to call the expert module for all the informa-
tions, which are connected with his level.

Testing is also an important factor, therefore, the system is divided into modules, every
one is designed and then tested by a human expert and some system users to satisfy all the
requirements from the system.
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2-EES FEATURES

The EES goes through three phases: teaching phase, diagnostic phase, and evaluation
phase. Itis developed tobe astep for improving the quality of education and te over-
come the disadvantages of the existing approaches. It is divided into modules, each one con-
tains a collection of PROLOG programs and produces several windows and about 150.co-
lour screens,

i-teaching phase :

In this part, the system is designed to teach computer engineering courses by de-
scribing the personal computer {hardware components and peripherals) specially the 80386
and 80486 systems.

The system displayes the block diagram of the 80386 microcomputer system mother-
board and gives the user chance for moving through the motherboard and choosing any
particular part for more details. Also, the system represents the 80486 microprocessar and
describes the difference between the 80386 and 80486 microprocessor, the pin-out differ-
ence and the new additional pins. Also, the system represents encugh information about
the most common types of peripherals. The teaching method is a file system method
where the information ( facts, planning, apparatus details and definitions) is stored in a pre-
costructed files, and the student can move between them and collect the information he
feels is needed, within certain limits, The computer facilities such as graphics are used dep-
pening the comprehension. Sample of screens for this part are shown in figures (1), (2).

figure {1) figure (2)
li-diagnostic phase :

This part of the system is designed to fulfill two main objectives: the first is to ex-
plore some new dimensions for computer assisted instruction which exploit the sig-
nificant increase in computational power provided by current advances in hardware tech-
nology. The second is to fulfill the need for an environment to experiment with new
ways of teaching problem-solving skills, such as electronic troubleshooting, without be-
ing constrained only 10 pose problems having extensionally defined solution sets. We
wanted to allow the student freedom in choosing the way in which he could go about
solving his problem.

This part tries to advice the user to repair most of the tfoubleshooting that may face
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him in the PC set. The problem may be a simple adjustment or some cleaning or mainte-
nance alinments and be quickly dispatched. On the other hand, the problem could have
its source deep in the microcircuils. Therefore, the knowledge in this part is represented
using both rule-based and frames scheme, which allow a deeper insight into underly-
ing concepts and casual relationships,and facilities the implementation of deeper
level reasoning. The problem is classified into five categories : colour and mono-
chrome displayes, keyboard, drives and start up problems. The technique and the infor-
mations in this part is obtained from the available manuals and troubleshooting books (7).
In addition, human experts of "Computer & Control engineering dept." at Mansura Fa-
culty of engineering, are considered as a guideline for the constraints and mounting se-
quence. Samples of the prepared procedures are given on screens as shown in figures (3),

(4).

figure (3) figure (4)
iii- evaluation phase :
In this part, the system evaluates the use: ar ' .is response by giving him v <{ul
notes about the part, which he should review if he can't answer aiy question. Com-

puter can support test preparation in five general ways [1]: (1) banking, (2) generation,
(3) attribute banking, (4) selection, and (5)test printing. Generally the system has
two major features : -

a- A special item file is designed, where about hundred questions are stored in a file to in-
clude a wide range of information and to have a chance for unrepeating the same question.

b- A method of generating a large number of unique equivalent measure tests is present-
ed using the random predicate to generate len questions from hundred.

After the test ends, an individual evaluation for every question is given. So, the overall
evaiuation is achieved with a suitable comment. Also, as a negative feedback; the system
gives attention about the failed question subject which must be re-studied. Samples of
screens for the evaluation module are shown in figures (5) , (6).
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figure (5) figure (6)

HI-EES APPLICATIONS
1-SMALL MODEL APPLICATION

Students were considered as a model to be & major thrust in the EES. Experi-
ments have been carried out to study the effectiveness of the EES and the improve-
menis in the students achievement. Two groups of students are selected from the ed-
ucational technology departement , MIT GHAMR Faculty of specific education, Each group
is composed of 30 students. One group is considered as "experimental group” while the
other is "control group”. EES is applied on the experimental group in computer labora-
tory. The students themselves form a planning algorithm, which shows the sequences of
steps that they will use in producing a satisfactory plan. Then, they apply this algorthim to
collect needed information to help them. Simultaneousty, the control group faces normal
state through classroom and teacher, This means the traditional technique is applied.

In both groups, the students are tested to evaluate their achievement by the same
test, this leads us to use the well known "stability of the test" method [9). It can be consid-
ered as a guide for ensuring goodness of results, and can be evaluated through the reliability
factor, which can be calculated by one of three methods [10]:

i- test-retest method.
2- alternate method.
3- split-half method.

The split-half method was applied to calculate the reliability factor, which must be near
integer 1.0 for good test. Using a simple BASIC program, this factor is calculated fer our
case, and found to be 0.9.

2- ANALYSIS OF RESULTS

Statistical methads are almost required in routine testing to know whether changes in
an ingradient affects the properties of the resulting material, to compare the efficiency of
processes and to deterrnine whether the results fit a suspected or postulated form. We use
T test oethed [8] to judge whether the observed differences are due to chance only or we

20
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should suspect some real causes 1o be respensible and hence, considering the differnces
to be statistically significant. All calculations are illustrated in tabel (1).

Tabel (1) T- test parameters for the differences between the two groups in achievement

Control Experimental Pooled
Sample Statistics: Number of Gbs 30 30 60
Average 52.223 69.775 60.9992
Variance 242.475 180.042 211.259
Std. Deviation 15.5716 13.418 14.5347
Median 53315 70 60
Conf. Interval For Diff. In Means: 95 percent
(Equal Vars.)  Sample 1 - Sample2  -25.0662 -10.0385 S8D.F,
(Uncqual Vars.} Sample 1 - Sample 2 -25.0697 -10.035 563D.F
Conf. Interval for Ratio Of Variances: 0 percent

Sample 1/ Sample 2

Hypothesis Test for HO: Diff = 0 Computed I statistics = -4.67706
Vs Al NE Sig. Level = 1.78491E-5
at Alpha = 0.05 50 reject HO.

The barchart for the numericai data of the control and experimental groups are shown
in figures 7and 8 . These figures indicate the expected results for this new technique and
its positive effect on the experimental group while, it has significantly greater gains than
the cotrol group which has poor progress.

Results of students' i=st
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Figure (7) Barchart for the control group students' resulls
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Results of students' test
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Figure (8) Barchart for the experimental group students' resulis

3- GENERALIZATION FOR LARGER MODEL

We consider another large scale model to study the effecliveness of increasing the
sample size. The students 1est model is divided into three groups, one experimental group
and two control groups, each group consists of 60 students. Same stalistical methods men-
tioned befor are applied. All caiculations are ilfustrated in tabels (2)& (3). The barchart for
the numericai data of the three groups are shown in figures 9,10&11 which agree with
the previous concluded comments for the small size model.
“Tabel (2) T- test parameters for the differences between the experimental group and the first

control group in achievement

Experimeatal Control Pooled
Sample Siatistics: Number of Obs 60 60 120
Average 67.3333 57 62.1667
Variance 409.718 512.881 461,299
Std. Deviation 20.2415 22.6469 21.4779
Median 70 60 &0
Conf. Interval For Diff, In Means: 95 percent

(Equal Vars.) Sample 1 - Sample 2 2.56634 18.1003 118 D.F.
(Unequal Vars.) Sample 1 - Sample2  2.56534 18.1013 1165 D. F.

Conf. Interval for Ratio Of Variznces: 0 percent
Sample 1/ Sample 2

Hypothesis Test for HO: Diff = 0 Computed t statistics = 2.63518
Vs Alt: NE Sig. Level = 9.53853E-3 -
at Alpha = 0.05 so refect HQ
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Tabel (3} T- test parametess for the differences between the experimental group and the
second control group in achievement

Experimzntal Control Pooled
Sample Statistics: Number of Cbs 60 60 120
Average T 673333 47.667 57.5
Variance 409.718 458.87 434.294
Std. Deviation 20.2415 21.4213 20.8397
Median 70 40 60
Conf. Interval For Diff. Tn Means: 95 percent
(Equal Vars. ) Sample 1 - Sample 2 12,1305 27.2029 118 D.F.

{Unequal Vars.) Sample 1 - Sample 2 12.1302 27.2031 117.6D.F.

Conf. Interval for Ratio Of Variances: 0 percent
Sample 1/ Sample 2
Hypothesis Test for HO: Diff = 0 Computed t statistics 5.16892
Vs Alt: NE Sig. Level 9.71525E-7
at Alpha =0.05 so reject HO

Results of students' test
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Figue (9) Barchart for the first control group students' results
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Resulis of the students' test
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Figure (10) Barchart for the second control group students' results

Results of students'test

Frequency

Degress

Figure (11) Barchart for the experimental group students’ results
CONCLUSION :
This paper presnets an Educational Expert System (EES) as an application of expert
techniques in the domain of education. It goes through thrée phases:teaching phase, diag-
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nostic phase, and evaluation phase. EES is developed to be a step for improving the quality
of educatign at low cost and te overcome the disadvantages of existing approaches.
Experiments have been carried out to study the effectiveness of the EES and the im-
provements in achievement of 240 students. The analysis of results conclude the positive
effect of the system.
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