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Introduction to Expert

System Shells

Expert System: a type of computer

application program that makes decisions or solves problems in a particular field, such as finance or medicine, by using knowledge and analytical rules defined by experts in the field. Human experts solve problems by using a combination of

factual knowledge and reasoning ability.

In an expert system, these two essentials are contained in two separate but related components: a knowledge base and an inference engine. The knowledge base provides facts and rules about the subject, and the inference engine provides the reasoning ability that enables the expert system to form conclusions. 

Expert systems also provide additional tools in the form of user interfaces and explanation facilities. User interfaces, as with any application, enable people to form queries, provide information, and otherwise interact with the system. Explanation facilities, an intriguing part of expert systems, enables the system to explain or justify its conclusions, and they enable developers to check on the operation of the systems themselves.  Expert systems originated in the 1960s;  fields in which they are used include chemistry, geology, medicine, banking and investments, and insurance.1
Expert system shells, which have now

become sophisticated Knowledge Based

System Development Environments, are

specialized computer languages specifically designed for developing knowledge based expert systems. 

Knowledge based system languages are typically easy to learn, and intended for use by human experts as well as professional computer programmers. Not only are they complete  programming languages, they are also

fully compliant with all Windows  interaction protocols and are deployable on hard media, in LAN / WAN environments, and on the Inter /  Intranet.

The First Computerized

Tests Using an Expert

System Shell

In 1986, I saw my first expert system

shell – 1st Class Fusion.  A brilliant
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engineer, Will Hapgood, from Raytheon in the Boston area developed it.  At the time, I was Professor of Business Data Processing at Miami-Dade Community College. 

While running the 1st Class Fusion demo programs I realized that the expert system shell was similar to a computerized multiple-choice test.  I

quickly acquired a Fusion developer’s

license, and started computerizing the

multiple-choice tests I had developed

over the years. 

I was the first professor, in a very large five-campus college, to computerize all of my exams.  For this achievement, I won a League of Innovation award. Actually, this was a cheap trick since I employed expert system shell technology to quickly computerize my multiple-choice tests, and not for its technical excellence.

Illustration of Simple

Multiple Choice Exam

For the purpose of illustration, here

is a simple three-question test expressed in a modern knowledge based system:  Knowledge Builder from Attar Software (now XpertRule Software, 2006). 

It expresses the logic for the test’s execution flow as a graphical decision tree.  One creates tests by drawing decision trees and maintains these tests by editing these trees.  Today, anyone with basic computer literacy skills can draw and edit these decision trees.  

An “inference engine”, the run-time component of the knowledge based

system, traverses these trees displaying

dialogs, performing calculations, and

keeping records in the background as well as generating reports.

This system starts with a Login

procedure, which initializes the test and sets up record keeping.  The system then displays a dialog for question 1 (Q1 in Figure 1), a multiple-choice question, which may be in any form: a windows dialog, an HTML page, etc.  After collecting the input (a, b, c, or d) from this dialog, the test system moves forward through the tree. 

If ‘a’ was the answer to Q1, then the system runs the Score procedure, move through Label_1 and onto Q2.  If the student answers with ‘b’, ‘c’, or ‘d’, the system moves  through Label_1 on to Q2, skipping the Score procedure. 

The system progresses through the tree arriving at the Report node, where the system completes additional record keeping and reporting.

Discovering Assessment

Driven Adaptive Tutorial

Systems

I soon realized that creating multiple choice tests with an expert system shell

ignored most of the shells important

features and advantages.  For example, in a simple, linear, computerized, multiple choice test, you move from question 1 to question 2, etc., until you reach the last question.  However, by using an expert system shell, the answer to the first question can determine the selection of the second, and how you answer the second question can determine the selection of the third and so on.  Finally, you reach one of many conclusions — a result of how you answered the questions presented to you.  In most cases, you reach a conclusion without seeing all of the questions.  This is very efficient, but how does it improve testing?

This suggests that you must design

multiple-choice questions differently. 

Previously, you had a question stem, a

correct answer and a set of wrong answers (distracters).  You were only interested in whether the student answered the question correctly or incorrectly.  This produced a score, which when combined 
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with scores from other  questions, were usually totaled and averaged to produce a grade for the test. At the end was a grade, which did not say much about what the student really learned.

Using the expert system shell, I

create a multiple-choice  question that branches to different  questions based on the students answer. A single multiple choice question becomes a nucleus of knowledge that assesses the student’s knowledge as well as what further knowledge should be tested.  

For example, look at this multiple choice question.

The central processing unit (CPU)

in a Z-80 microcomputer contains the

a) ALU

b) ROM

c) RAM

d) I/O ports
If the student answers “a) the ALU”, then we have assessed that the student understands at least the architecture of the Z-80 chip containing the ALU. We

also assessed that the student knows that the ALU is physically separate from ROM, RAM and IO ports. 


Once saved, possibly in a database, the information associated with the  response “a) the ALU” determines the next question to present. 

Not just any question should follow; only a question that assumes the student has the knowledge represented in the current question. The system moves forward to the next question, based on knowledge acquired from the student.

An interesting thing happens if the student answers “b) ROM”. The expert system shell could optionally present just-in-

time lessons, first on ROM and then on the Z-80 ALU. When the student answered “b) ROM”, we not only determined that this was a wrong answer,

which an ordinary multiple-choice test would do, but we also determined that the student didn’t understand the Z-80 ALU or the ROM nor the relationship between the two. Therefore, we could branch to an associated ROM question,

which may lead to an  appropriate ROM related lesson. 

If the student answered “c)

RAM”, we could branch to a question on RAM, which may lead to the presentation of an appropriate lesson related to  


RAM. This is possible for every

distracter. 

What the test developer has created here goes well beyond a multiple-choice test.  It becomes an assessment driven adaptive tutorial system that continually

adjusts precisely to the  individual student’s knowledge. When the user answers the questions correctly, the system moves on to the next question. When answered incorrectly, the system can present appropriate training material to correct the  misconception and present

appropriate questions regarding the specifics of the incorrect answer. If the student continues to answer questions incorrectly, the system can present  additional tutorials and  questions until the student reaches the most elementary

presentation materials.   

Conversely, as the student continues to answer questions

correctly, they advance through the test in an efficient manner, perhaps never receiving just-in-time tutorial material, and perhaps skipping many questions.

You receive much more than test scores, averages, and grades. Since the system keeps track of every response from every student, you always know exactly where a student is in terms of completing and understanding the material. 

When the students complete the entire system, each going through the material on their

own individual paths, you have assured their mastery of the training material because students have answered correctly

every pertinent question presented to them. Each student will move through the material individually, based on previous knowledge. There is very little

waste since the system continuously

assesses the student, adapting its  behavior to the student’s needs.

PASCAL Tutorial System

The next year, I wrote an assessment driven tutorial system for teaching Pascal.

It integrated a Pascal compiler and editors as well as programming for reviewing the

runtime results of each of the Pascal programs written by students during the tutorials. This system gave the placement

exam for students that already knew Pascal and wished to test out of the course and it enabled me to win another award from the League of Innovation. Although I started out with multiple-choice questions using an early expert system shell, I now use the input facilities of a mature  knowledge based system environment. This system includes text and numeric input from both the student and databases as well as graphical dialogues with familiar controls and fully integrated with the Windows  environment. Knowledge based systems go well beyond multiple choice input.

Using a Knowledge Based System to Construct Assessment Driven Systems with Just-In-Time Tutorials

In terms of graphics, the following example may be an oversimplification. A login process would precede this tree, and all questions would actually be sets of questions testing the same subject ensuring that when a student returned to that question, it would be different. To simplify question  maintenance, they are stored outside of the system, usually in a database. Upon completion of each question, an embedded procedure updates the database, keeping track of where the

students are in the process as well as the path that the student took through the system. This is valuable for later analysis. The system can branch to an entirely

different test, Test03 in this case, and return to the current test. It is possible to shuffle the question distracters so if the

system repeats the same question, the answers appear in a different order, providing an additional further variation.

In addition, this assures that when different students run through the same

system, they cannot share answers.  It is important to emphasize that

knowledge based systems do not require multiple-choice type of questions, but handle any input that is assessable by a

computer.

Three-Tiered Approach to

Developing Assessment

Driven Systems with Just-In-Time Tutorials

The availability of the Internet,

intranets, and networks in general suggests a three-tiered approach to designing assessment driven systems with

just-in-time tutorials. Tier 1 is the Database Layer, where the primary component may be an existing SCORM compliant Learning Management System

(LMS) with additional tables for use by the new Logic Layer. The Logic Layer contains the rules knowledge base defining how to present each dialog and tutorial. 

The Presentation Layer, or final

tier, may be HTML, MS .NET Windows Dialogs, or some other form. All three tiers, typically maintained separately, may run server side, the  Presentation Layer serving as the client. The design can be completely SCORM compliant. The Logic Layer knowledge based system manages the SCO’s or the knowledge bases interact with the SCORM API as SCO’s.  

Automating Test

Improvement

Systems automatically generate

decision trees, similar to those illustrated above, from database tables as often done in Data Mining. For example, a database
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