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Intelligent tutoring systems (ITSs) have potential for making computer-based instruction more
adaptive and interactive, but development in the area of manufacturing engineering has been rare.
However, recent developments in the area of ITS authoring tools may make this technology more
accessible. The objectives of this study were to: 1) evaluate the feasibility of faculty course
development using an ITS authoring tool; and 2) evaluate the instructional effectiveness of the
developed courseware. An ITS authoring tool called XAIDA was used to develop a tutorial on how
to use a computer numerical control (CNC) machine. This paper summarizes the results of a
preliminary evaluation conducted with 25 undergraduate manufacturing engineering students. The
results suggest that instructional development in XAIDA is feasible and quick, and that students
learned from and enjoyed the tutorial.

INTRODUCTION

MODERN MANUFACTURING requires the
use of expensive and sophisticated equipment.
Many manufacturing engineering programs
prepare students for industry by exposing them
to the types of tools and equipment they will need
to use. An example might include the use of
programmable logic controllers, sensors and
instrumentation, robots, and machine vision
systems for process automation system design as
part of a course on Manufacturing Automation
and Robotics. A course on Production Systems
and Computer-Aided Manufacturing uses CAD/
CAM software (e.g. FeatureCAM) and computer
numerical control (CNC) machines. Courses on
Quality Assurance and Electronics Manufacturing
require use of expensive machines such as surface
mounted placement machines (SMT) to practice
the electronic manufacturing process. However,
obstacles such as high student/faculty ratios,
limited access to the lab, (limiting practice
using equipment to scheduled lab times), limited
resources to support students outside labs and the
classroom and limited equipment to support lab
assignments often hinder the learning experience.
It is not unusual for a lab class of 10±20 students to
share 3±5 sets of equipment.

There has been an increasing trend in manu-
facturing engineering education to improve edu-
cation and alleviate equipment shortage problems
by harnessing computer technology. Bengu [1]

describes an ongoing effort to improve entry-level
engineering education by using multimedia tools,
courseware, and the World-Wide Web for pre-
senting instructional and program information,
providing simulations, and administering assign-
ments and exams. Shiue and others [2] developed a
laboratory environment to support courses on
Manufacturing Processes, Intermediate Manu-
facturing, and Concurrent Engineering. This
environment integrates a variety of computer-
based tools, including Computer Aided Design
and Manufacturing workstations, CNC machines,
robotic assembly stations, and 3-D modeling
packages. Byrkett and Ettouney [3] present a
model (based on their nine years of experience
incorporating Computer Integrated Manufactur-
ing into their engineering curriculum) for incorpor-
ating technology into an engineering curriculum in
a way that involves students and faculty in the
integration and development activities.

Several educational institutions have recently
developed web-based systems to support various
aspects of distance education. For example,
Choren and others [4] developed a Web-based
learning environment called AulaNet. AulaNet
utilizes a groupware approach to facilitate

. easy reuse of existing educational materials,

. the development of learning communities of
teachers and students using online communi-
cations tools (e.g., email, chat, discussion lists),

. teamwork via coordination mechanisms (such as
calendar management tools),

. development of online testing and grading
tools.* Accepted 2 April 2001.
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Doube [5] describes the development of a browser
based system called WebFace, that supports
distance education by coordinating the distribu-
tion of paper-based materials. Magoulas [6],
Papanikolaou and others [7] describe development
of techniques to allow adaptive lesson presentation
in Web-based courses.

In this investigation, the focus is on the use of a
computer to deliver instruction. In theory, com-
puters should be able to provide individualized
instruction, much as a human tutor would. In
addition, unlike human instructors, they can be
available around the clock, wherever there is a
computer. Although they cannot replace the
experience of using actual equipment, they can
teach much of the preliminary information
students need to know about equipment before
using it, so that students spend lab time more
productively and efficiently.

We have a particular interest in a class of
computer based instructional systems known as
intelligent tutoring systems that holds great
promise for manufacturing engineering educa-
tion in the future. An intelligent tutoring
system (ITS) is a computer-based instructional
system that utilizes artificial intelligence techni-
ques to represent the knowledge needed to teach
about a subject. A classic ITS consists of four
components:

. an expert module that represents the knowledge
to be taught,

. a pedagogical module that represents the
teaching strategies employed by the system,

. a student model that represents what the student
knows about the subject at any given point in
the instruction,

. a student interface module that allows the
system to interact with the student [8].

The advantage of a knowledge-based approach
is the ability to update and manipulate content
easily, as well as allowing the revision or addition
to the system of instructional strategies. This
contrasts with traditional computer-based instruc-
tion, where the knowledge and instructional
strategies are fixed within a predetermined
instructional presentation.

Development of intelligent tutoring systems
specifically for manufacturing engineering
subjects has seen little progress. Early ITS
development efforts during the late 1970s and
early 1980s began to explore computational and
communication issues related to getting a
computer to teach like a human [8, 9]. Exam-
ples of ITSs developed during this period
include:

. WEST (game playing)

. SOPHIE (electronics troubleshooting)

. GUIDON (medical diagnosis)

. WHY (geography)

. STEAMER (power plant theory of operation)

. QUEST (physics problem-solving)

. EXCHECK (mathematical proofs)

. BUGGY (arithmetic problem-solving).

There was never any intention that these systems
would be used to teach manufacturing related
subjects, or even be used outside the laboratory.
The primary purpose of development efforts in the
mid 1980s was to support military training topics
such as electronics troubleshooting [10, 11], tacti-
cal thinking [12], and high performance tasks such
as flying a fighter plane [13]. Although the begin-
nings of a trend toward developing systems for
actual educational use was evident; none of the
systems in this period supported manufacturing
topicseither.ThismightbebecauseITSdevelopment
required substantial investment in human and
computer resources during this period; and the
manufacturing industry, unlike the military, does
not typically support instructional technology R&D.

Since the mid 1980s, however, the number of
intelligent tutoring system development efforts has
multiplied to the point where it is no longer
feasible to write an exhaustive survey of the field.
In addition, intelligent tutoring systems have
begun to leave the laboratory, and field evalua-
tions have become more common (e.g. Koedinger
and others). Although intelligent tutoring systems
in the manufacturing domain received no mention
in a number of recent articles [15, 16, 17], there is
evidence of change in this area. Development of
specific intelligent tutoring systems that teach
visual inspection [18], nondestructive inspection
[19], unit operations and process systems [20],
design for manufacturing [21], progressive die
design [22], and factory management [23] is either
currently underway or already completed. However,
we found no reports of use of intelligent tutoring
technology to teach about computer numerical
control machines or any other manufacturing
equipment.

In recent years, the focus of ITS research has
shifted from the development of systems dedicated
to a particular subject to the development of ITS
authoring tools accessible to non-programmers. A
number of these authoring tools might be suitable
for teaching about manufacturing equipment,
including Safari [24], Rapid ITS Development
Environment (RIDES) [25], and the Experimental
Advanced Instructional Design Advisor (XAIDA)
[26].

ITS authoring tools generally offer a develop-
ment interface that allows developers to create a
knowledge base; and an instructional delivery
interface that presents information from the know-
ledge base to the student. The knowledge repre-
sentation format and instructional approach of the
developed ITS varies from tool to tool; with
specialized tools developed for a particular class
of content and approach. For example, RIDES
allows instructors to develop simulations of equip-
ment; students can then use the simulations to
learn about the equipment and to practice pro-
cedures [26]. The Goal-Based Scenario Builder
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facilitates development of a curriculum that uses a
particular teaching strategy, namely, learning-by-
doing through investigation [27].

XAIDA is a prototype of an authoring tool
originally designed to allow expert maintenance
technicians to develop ITSs for maintenance
topics. XAIDA consists of four sub-tools (called
shells), each of which uses a different scheme for
representing and teaching a specific aspect of
maintenance knowledge. The Physical Character-
istics shell, for example, uses a knowledge base
organized as a semantic net to explain about the
parts of a device or system. Thus, when used to
explain about equipment, the nodes of the network
are parts, and the information about part char-
acteristics (such as sub-parts, functions, and
connections) is associated with each part. The
developer's task is to populate the knowledge
base with information that explains about the
system. XAIDA can then apply built-in algorithms
and templates for instructional presentation, ques-
tion generation and feedback, and student model-
ing to generate an interactive, adaptive lesson
automatically, based on the information provided.

The purpose of this study was to investigate
the feasibility of using an ITS authoring tool for
manufacturing engineering courseware develop-
ment. The authors used XAIDA for develop-
ment because of its availability, and because
other instructors have used it successfully in a
variety of domains [26, 28]. Central questions
included:

1. How suitable is XAIDA for development of
a computer-based curriculum with manu-
facturing engineering-related content?

2. How quickly can a tutorial be developed using
XAIDA?

3. Is courseware developed by XAIDA instruc-
tionally effective?

4. How will students react to XAIDA-generated
courseware?

We also hoped that, since XAIDA is a knowledge-
based authoring tool, and since there is often a
restriction in the knowledge such tools can repre-
sent, this study could give us a sense for the
difficulties inherent in the use of such tools for
manufacturing engineering education.

METHOD

The authors selected XAIDA, an ITS authoring
tool, because it is free for educational use in its
current (prototype) form, and used it to develop a
tutorial explaining how to set up a computer
numerical control (CNC) machine to machine a
part. The first author teaches a course (Numerical
Control and Computer-Aided Manufacturing) for
which there is only one CNC machine available
for lab classes of 15±20 students, and this provided
an opportunity to use setup of the CNC machine
as a topic. Because students must take turns using
the machine, and because they are often learning
about it as they use it, they do not have enough
time to become proficient. The intention of the
tutorial was to familiarize students with the
procedure before they actually use the machine,
so that they get more out of their experience with
the actual equipment. The tutorial can also serve as
a means of review. The following sections describe
the development and evaluation of the tutorial.

Tutorial development
The authors also hoped that, since XAIDA is a

knowledge-based authoring tool, and since such
tools are often restricted in the knowledge they can
represent, this study would provide a sense for
the difficulties inherent in the use of such tools
for manufacturing engineering education. As
previously stated, the purpose of this shell was to
represent knowledge about the physical character-
istics of a device or system. The designers chose to
identify the nodes of a network as parts, and
associated information about part characteristics
such as sub-parts, functions, and connections with
each part. In our case, since the subject of our
tutorial was a procedure, we decided that the nodes
in our network would be steps in the procedure,
and associated step-performance related informa-
tion, such as which menu to use to access controls,
with each step.

The authors organized the process of setting up
the CNC machine into five major steps:

. Step 1: home the axes;

. Step 2: load the program;

. Step 3: set up the tools;

Table 1. Information associated with the ``Preview Program'' step

Sub-Steps/Notes Illustration

This step allows you to verify that your program behaves as you intended before you actually
machine the part.

Blackboard

On the Basic menu, press F5 to preview your program. Arrow pointing to F5 soft key
on Basic menu

In the blue VIEW SIZE box, you will see the settings for the View window. Make sure the
settings are a little larger than needed to display the work piece. Enter numbers as needed,
hitting Enter after each line.

VIEW SIZE box

After the last line, a blank grid will appear. Press F2 (PAUSE) to preview you program step by
step. You can also press and hold F2 to preview the program without a pause.

Blank grid

Watch the cutting path to make sure that it is doing what you intended. If the cutting path is
not consistent with your design, check your program. When you are finished previewing your
program, press the Escape (Esc) key to return to the Basic menu.

Show cutting path in preview
window.
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. Step 4: preview the program;

. Step 5: run the program.

Table 1 contains the information associated with
step 4, preview program.

The authors identified and produced appropriate

illustrative graphics and images, such as screen
shots, as well as identifying important information
related to the procedure and formulating it into
multiple-choice and true/false practice questions.
Note that this latter step would not have been
required if the authors had used XAIDA±PC

Fig. 1. Outline editor in XAIDA Develop.

Fig. 2. Resource editor in XAIDA Develop.
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exactly as its designers intended, i.e. to teach about
the physical characteristics of a device. This is
because the structure of XAIDA±PC's templates
assumed that the information in its knowledge

base pertained to parts of a system. However,
with extra planning, XAIDA±PC can accept
other forms of content for teaching purposes.

The authors used the following method to enter

Fig. 3. Fact editor in XAIDA Develop.

Fig. 4. Question editor in XAIDA Develop.
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information into an XAIDA knowledge base from
an application called `Develop':

1. The major steps were entered using the Outline
Editor (see Fig. 1).

2. Graphics were linked in using the Resource
Editor (see Fig. 2).

3. Information to be used for questioning was
entered using the Fact Editor (see Fig. 3).

4. XAIDA's built-in templates, which are used for

Fig. 5. Sample presentation screen in XAIDA Deliver.

Fig. 6. Sample practice question screen in XAIDA Deliver.
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presenting facts, asking questions, and offering
feedback were modified using the Question
Editor (see Fig. 4).

Note that courseware development process
using a knowledge-based authoring tool, such as
XAIDA, is different from traditional courseware
authoring tools, such as Macromedia's Author-
ware. With traditional tools, the author's main
task is to develop an instructional presentation.
With knowledge-based tools, the main task is to
describe knowledge; the system then generates the
presentation. In XAIDA, a program called Deliver
generates the instructional presentation. (Figures 5
and 6 show presentation and practice question
screens taken from the developed tutorial.)

The tutorial took about 80 person hours to
complete including development of multimedia,
(primarily digital images). Because the authors
were primarily interested in defining and represent-
ing procedural information, XAIDA's ability to
link to digital audio or video files and to other
documents or applications was not utilized.

Tutorial evaluation
In evaluating how the tutorial progressed with

students, we were particularly interested in the
following issues:

. How long did students take to complete the
lesson?

. Did the lesson succeed in its goal of teaching
students more about the procedure for setting
up the CNC machine?

. What did students think of various aspects of
the lesson, such as:
* features,
* objective,
* instructional,
* sequence,
* difficulty,
* repetition,
* emphasis on important information,

* question-and-answer sessions,
* use of multimedia,
* interactivity,
* pace,
* quality,
* relevance to their education?

Participants, materials, and experimental
procedure

Evaluation of the tutorial involved twenty-five
students from a Numerical Control and Computer-
Aided Manufacturing class. The students saw a
demonstration showing how to set up the CNC
machine a few weeks before this study, but were
not proficient at the task.

Students received hard copy manual entry forms
designed to measure the effects of the computer-
based tutorials on subject knowledge and attitudes
toward instructional methods and computers.
Pretest and posttest forms consisted of a 3-item
survey and a subject test. The survey asked
students to:

. Choose their preferred method of instruction for
that subject,

. Rate their degree of comfort in using computers,

. Rate their degree of familiarity with the assigned
subject.

The subject test consisted of multiple choice ques-
tions on the lesson content. For example, a ques-
tion on the subject test was:

When homing the axes, which menu do you use?

a) setup menu
b) opening screen menu
c) basic menu
d) jog menu

Students were asked to complete a 12-item opinion
survey after the posttest. For this survey, students
used Likert scales (with anchors from 1 to 7) to
rate their opinions about several characteristics of
the lesson, including features (e.g. buttons, hot

Fig. 7. Average ratings of various aspects of CNC lesson.
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boxes), question-and-answer sessions, objective,
use of multimedia, instructional sequence, inter-
action with computer, difficulty, pace, content
repetition, emphasis on important information,
relevance to education, and overall quality.

Students first completed the pretest materials
and then began the computer-based lesson, work-
ing at their own pace until they completed the
entire lesson, including the practice questions,
followed by the posttest and the opinion survey.

RESULTS AND DISCUSSION

Tutorial development observations
Use of XAIDA±PC to teach equipment proce-

dure is both feasible and quick. Of particular
benefit is XAIDA's question generator feature,
which not only automatically generates questions,
but also adjusts the content and sequence of
practice questions to the needs of individual
students (based on their performance). To do
this, the system maintains a simple student model
for each student and uses it for determine what (if
any) question to ask next. Consequently, students
who have mastered the material answer fewer
questions than students who have not. In addition,
for students who require more practice, the algo-
rithms that drive the question generator tend to
extend questioning in areas where the student
might be having difficulty.

However, using XAIDA±PC to teach about
steps of a procedure, rather than parts of a
device, limits benefits normally gained from use
of the system, particularly concerning the types of
questions that the students can be asked.

XAIDA±PC stores factual information in the
format `{part, attribute, value}' e.g. {emergency
stop button, has function, halt the system}, and the
developer defines the parts, attributes, and values
for each tutorial. The design of XAIDA±PC
created the expectation that a part would be a
physical component of a device, and the types of
questions it generates maintain this assumption.
For example, one question type asks students to
locate parts in a diagram. Another requires
students to match parts to values according to a
specific attribute, such as matching a list of parts to
their functions. The result of this is to cause certain
question types to become awkward or even unusa-
ble if the `part' slot is repurposed for some other
type of entity such as a `step', e.g. `{preview
program, menu to use, basic menu}'. Fortunately
XAIDA's Question Editor allows developers to
suppress question types by attribute and/or
modify system templates to make questions more
readable.

In addition, some question types that would
have been appropriate for teaching a procedure
were not readily available. For example, it would
have been useful to have a question that required
students to sequence steps. We were able to achieve

this partially by creating an attribute called posi-
tion, with values first, second, third, and so forth,
thus allowing the system to ask multiple choice
questions such as `What is the position of the
Preview Program step in the procedure sequence?'
However, this format is less satisfying for this
application than a drag-and-drop sequencing
question format.

In short, what would have been best was a shell
designed specifically to represent and teach equip-
ment operation procedures. (The designers of
XAIDA developed a Procedures shell to do this,
but the software for the development interface was
not complete at the time of this investigation.)
However, in the absence of a Procedures shell,
the Physical Characteristics shell was certainly
usable and offered the advantage of adaptive
practice.

Student evaluations

The mean time for tutorial completion for the
twenty-five students was 27.3 minutes. In addition,
an ANOVA test with �� 0:05 found a significant
difference between the pre- and post-lesson test
scores.

. Mean pretest scoreÐ33.3%

. Mean posttest scoreÐ87.9% (f� 271.37,
F(0.0500,1,46)� 4.05, p< .001).

Figure 7 summarizes student ratings of their
learning experience from the attitudinal survey.
On average, the student ratings were more positive
than not for all measured aspects. That is, the
students felt that the lesson was interactive, rele-
vant, adequately paced, and easy to use and under-
stand. However, the ratings were not as high as we
would have liked.

The finding of instructional effectiveness in the
student evaluations is quite strong, and consistent
with results from previous evaluations of
XAIDA's instructional effectiveness in other
domains [29, 30, 31], although we would have
liked more student data upon which to base our
conclusions. Also, students' subjective impressions
of the instruction were positive overall.

One factor that may have influenced the moti-
vation rating was that students had previously
viewed a demonstration on how to operate a
computer numerical control machine. Thus, they
may have been less enthusiastic about taking the
lesson than they might have been otherwise.
However, we felt that the lessons were still appro-
priate for use as a review. As it turned out, based
on the results on the pre- and post-tests, this review
appears to have been not only appropriate, but
also efficacious.

A factor that may have influenced both moti-
vation and ease of understanding the lesson is that
the XAIDA software adapts instruction to
students by automatically generating practice
questions based on individual student perfor-
mance. It tends to ask about items the student
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does not know about, and it keeps asking until it
believes the student has mastered every item of
instructional content. (If it was a human instruc-
tor, it would come across as being thorough to
the point of obsession.) In addition, because the
phrasing for the questions and feedback is
template-based, the grammar sometimes seems
awkward, even when it is technically correct.

CONCLUSIONS AND FUTURE
DIRECTIONS

A typical manufacturing engineering curriculum
includes courses such as:

. Introduction to Quality Assurance

. Manufacturing and Assembly Processes 1

. Introduction to Manufacturing Processes,

. Nonmetallic Materials Manufacturing and
Assembly Processes II

. Quality Assurance

. Numerical Control and Computer-Aided
Manufacturing Electronics Manufacturing

. Computer-Aided Manufacturing

. Manufacturing Automation and Robotics
Production and Inventory Planning.

However, it is more useful to view manufactur-
ing engineering knowledge not in terms of courses,
but rather, in terms of the types of knowledge and
skills taught when developing and using authoring
tools for knowledge-based instruction. Table 2 is
an example of how one might view the classes of
knowledge taught in the list above. It also lists how
a knowledge-based authoring tool might represent
each type of knowledge. Using this type of analysis,
it is easier to see why the design of a particular
authoring tool might be more appropriate for some

educational applications than others. Judged on
results achieved, in the realm of manufacturing
engineering, XAIDA±PC is:

. well-suited forteaching physical characteristics
of equipment,

. marginal-but-workable for teaching equipment
operation procedures,

. probably inappropriate for teaching theory of
operation or troubleshooting.

Our plan is to continue to use XAIDA±PC to
teach subjects where it is appropriate, and
to explore use of other tools, such as RIDES, to
teach other types of manufacturing engineering
knowledge. In addition, XAIDA is a prototype,
and is not web-based. We would like to locate, or
possibly even develop, web-based ITS authoring
tools for the types of knowledge needed for
manufacturing engineering education.

In addition, we plan to continue to evaluate the
developed CNC tutorial, preferably with students
who have not already been exposed to the CNC
machine. We have a particular interest in assessing
to what extent taking the tutorial reduces or
improves the quality of time spent with the
actual equipment.

AcknowledgementsÐ The Center of Teaching Excellence at
Texas A&M University, College Station supported this work
through an incentive grant. The project titled `Computer-based
Manufacturing Engineering Technology Education,' aims to
improve the student/equipment ratio by integrating computer-
based training with laboratory exercises. XAIDA is a prototype
intelligent tutoring system authoring tool originally developed
by MATCOM. (http://www.matcomcorp.com) for the Air
Force Research Laboratory (AFRL/HEA) under Contract
No. F41624-93-F5002. It is currently available free for educa-
tional use. Contact Mr. Bill Walsh, 8930 Fourwinds Drive,
Suite 450, San Antonio, TX 78239, USA to obtain a copy of
XAIDA.

Table 2. Examples of Types of Manufacturing Engineering Knowledge

Type of knowledge Example Possible knowledge representation

Physical characteristics of equipment Parts of a CNC machine Semantic net
Equipment theory of operation Theory of operation of a machine vision

system
Rules, cases

Abstract theories When to use various types of production
systems

Rules, cases

Equipment problem-solving procedures Use of a fault tree for a particular piece
of equipment

Tree

Cognitive procedures Statistical methods, such as computing a
standard deviation

Rules, semantic net

Physical procedures Operation of a particular model of a
machine vision system

Semantic net

Application of methods Deciding which statistical methods to use
and how best to employ them for a
particular problem; developing ladder
logic for a particular programmable
logic controller application

Cases

Pattern recognition and classification Deciding which type(s) of sensors are
most suited for a particular application

Cases
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