Session

QUESTION MODEL FOR INTELLIGENT QUESTIONING SYSTEMSIN
ENGINEERING EDUCATION

Sephen A. Zahorian®, Vishnu K. Lakdawald?,
Oscar R. Gonzalez®, Scott Sarsman’, and James F. Leathrum, Jr°.

Abstract % This paper describes the development of a
question model to be used with an intelligent questioning
system. The purpose of the intelligent questioning system is
to improve the educational process in engineering courses
by allowing students to learn more in less time, to
understand more deeply, and to enjoy their learning
experience. Key elements of this system are a question
model and an adaptive question management system that
uses a hierarchical knowledge map to direct the learning
process based on the student's degree of understanding of
individual or grouped concepts. Although there are several
online computer-based questioning systems, they typically
have no built-in help, no guidance if questions are answered
incorrectly, no method for selecting questions based on the
students needs, and no comprehensive monitoring of a
student’ s progress through a knowledge map not only of the
course but also of the curriculum.

Index Terms % Intelligent Questioning System, Question
Model, Knowledge Map

INTRODUCTION

Over the past several years, considerable effort has been
devoted to research in the area of technology-enhanced
education. Progress has been made, addressing a variety of
educational needs, ranging from supplements to existing
“traditional” courses, to complete on-line courses, to
complete on-line programs. Despite all this effort, hype, and
even product development, most of the courseware material
available for use at the college level is still not judged to be
as effective as a professor lecturing and leading discussions
with students. Most of the work is driven more by
convenience factors in continuing education due to the
increasingly mobile student population (“anytime, anyplace,
anywhere,” education), perceived economies of scale (some
educational administrators envision that a few “super star’
faculty could each teach thousands of students), and to a
certain extent just because the technology is available.
Nevertheless, faculty working on a daily basis with students
continue to pursue the dream of using technology to improve
the educational process, alowing students to learn more in
less time, to understand more deeply, and to enjoy their
learning experience more.

The present state of affairs in cyber education leads us
to the conclusion that focused, long-term research is needed
to move forward. The particular focus of our research is to
develop a methodology for an intelligent computer-based
guestioning system to be used in engineering programs. One
of the unique aspects of the engineering field is the need for
guestions of many types---basic information, analytical
problem solving, design techniques, and finally open-ended
design problems. These different types of problems will be
addressed in our methodology.

The primary goal of this paper is to present the question
model that will be a core component in the overal
guestioning system. Key aspects of the question model
include an intelligent questioning engine, a question/answer
interface tool, an answer interpreter, feedback to the user,
and connections to a knowledge data base to monitor student
progress. Note that the overall questioning system is under
development and has not yet been fully built and tested.
This paper describes the theory and basic format of the
guestion model which is under continued development as
this paper iswritten.

The question model is a formal representation of the
guestion database to be used for a specific program of study.
Each question is characterized by type (true false, multiple-
choice, numerical answer, open ended), classification in
terms of correspondence to the knowledge map, types of
numerical input variables needed, difficulty level, and scope.
In addition each question has links to various types of help
ranging from basic hints to partial solutions to complete
solutions. The question model is also developed to alow
convenient integration with mathematical software tools
such as MathCAD. The “side” information included in the
database for each question is used by the adaptive
guestioning system, together with student input and current
state of knowledge, to determine which question should next
be posed to the student. After each question is answered,
either incorrectly, partially correctly, or correctly, the
guestion management system then updates the student’s
progress through a knowledge map, again taking in account
the question characteristics.
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BACKGROUND

This paper is a companion paper to another paper by
Leathrum et al. [1] (June 2001 ASEE conference). Whereas
the paper by Leathrum et a. focuses on the knowledge map
component of the intelligent questioning system, the current
paper focuses on the question model. However, the
background and introductions to both papers are essentially
the same.

The potential for computer-based questioning systems
has been recognized and commercial products are already
available (see, for example, WebAssign [2] and WebCT [3]).
Such systems are well developed for courses with large
audiences such as freshman physics classes. Primary
benefits include immediate feedback given on every
guestion attempted, the options to easily vary parameter
values for each question, and automated record-keeping
options. Typically higher-achieving students prefer these
systems for homework questions to more conventional
methods. However, most current systems ae little more
than a computerized version of homework problems found
in a typical textbook. The only feedback given to the
student is “correct” or “incorrect” for each question
answered. Thereisno built-in help, no guidanceif questions
are answered incorrectly, no individual student-centered
method for selecting questions based on a students needs and
background, no accompanying simulations to illustrate key
concepts, and no comprehensive monitoring of a student’s
progress through a concept map of the material. The
intelligent questioning system under development will
address these deficiencies by adding to the “intelligence”
underlying automated questioning systems. The goal is to
determine how to build a questioning system, which will
appeal to and benefit a wide range of learners with a large
range of capabilities.

A very good intelligent on-line physics homework
system is Andes [4]. This work-in-progress is being
developed by personnel of the Physics Department of the
United States Naval Academy and of Computer Science
from the University of Pittsburgh. In the Andes system, the
students can solve the problems directly in the web browser.
The solution steps consist of defining the variables, drawing
free body diagrams, writing and solving the equations. If the
instructor allows it, Andes will inform the students of
problems with a free body diagram and equations, and even
solve the set of equations. Andes can find the mistakes
because its knowledge base consists of a set of rules to solve
the physics problems. Andes is smart enough to determine
multiple solution paths, if they exist. One of Andes
strengths is the tutor system. Depending on the instructor’s
options and the student’s past experience the tutor can
explain the mistakes and can assist with the solution.
Andes also has a very good student assessor system. By
observing the students use of rules, the assessor forms a
modified Bayesian net, computes probabilities of the
student’s knowledge, proper use of rules, and expected
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solution [5]. Thisinformation is used by the assessor to tell
the tutor system how to help the student. Two intelligent
tutor systems for electrical circuits were reported by Ahmed
and Bayoumi [6] and Yoshikawa, et a. [7]. These tutors do
not develop a student model and only provide limited
feedback to the students.

INTELLIGENT QUESTIONING SYSTEM OVERVIEW

The Intelligent Questioning System is comprised of three
basic components: the User, the Knowledge System and the
Question System as shown in Figure 1. Figure 2 gives an
overview of the overal architecture for the system. An
appropriate user model drives the system. The Knowledge
System presents the user with his or her current status in the
system by use of a graphical map. This gives the user a set
of options of concept areas that he or she may work on. The
selection of a concept area defines a knowledge key that is
presented to the Questioning System. The Questioning
System then identifies an appropriate set of questions within
the concept area based on the student's past history. A
question is then randomly selected and presented to the user
with random parameters. After answering the question, the
user is provided immediate feedback. Should the
Questioning System identify that the user needs some help,
it initiates this process. Help may comein several forms:
links to material for review,

suggestions, and

breaking down the problem into smaller steps.

When the user completes or chooses to leave the
concept area, the Questioning System provides an
assessment measure to the Knowledge System. The
Knowledge System then updates the user’s status in the
system, potentially identifying a new set of concepts that the
user may work on.

. Knowledge System
Concept Selection fg

Testing

Knowledge Key

Questioning System

FIGURE 1

INTELLIGENT QUESTIONING SY STEM CONCEPT
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FIGURE 2
. INTELLIGENT QUESTIONING SYSTEM ARCHITECTURE OVERVIEW.

To implement this system, several databases are
required as illustrated in Figure 2. The question database
contains the complete set of questions. The student system
database encapsulates a model of the student’s progress,
maintaining information about which questions (and
associated parameters) the student has attempted and the
assessment measure for each question. The knowledge
system database maintains the structure of knowledge flow
in the form of knowledge maps for the whole curriculum.
The question system database is the primary topic of this
paper. The complete database model is presented in Figure
3

Student Model

",

Knoaded ge Mag

Question Model =
FIGURE 3
DATABASE M ODEL

0-7803-6669-7/01/$10.00 © 2001 | EEE

Session

THE QUESTIONING SYSTEM

The question model is a formal representation of the
question database that is developed for each module in a
course for a program of study. Each question is mainly
characterized by type (true/false, multiple-choice, numerical,
graphical, open ended), types of numerical input variables
needed, weight, as determined by the difficulty level, and a
knowledge key that defines the scope of the question and its
coverage of the knowledge map. The assessment system

uses the weight of the question to provide the incremental

score contributed by the answer to this question. The score
also takes into consideration other issues such as the number
of attempts and the length of time needed to submit the final
solution. If an answer is incorrect, the guidance system
selects links built into the question that provide various types
of help ranging from basic hints to partial solutions to
complete solutions. The question model is also developed to
allow convenient integration with mathematical software
tools such as MathCAD. The “knowledge key” information
about each question is used by the adaptive questioning

system, together with student input and the current state of

knowledge, to determine which question to pose next. After
each question is answered, either incorrectly, partialy
correctly, or correctly, the question management system
updates the knowledge map, again taking in account the
question characteristics. Figure 4 depicts the questioning
system architecture.
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FIGURE 4
QUESTIONING SY STEM ARCHITECTURE

The goal of the question model is to create a formal set
of guidelines for the construction of guestions and solutions
to meet topic and difficulty requirements. Questions must
also be well integrated with lectures to enhance student
learning. The questions not only consist of text and figures,
but technology to make them highly interactive and
engaging. To insure that questions are “good” engineering
guestions, the state-of-the-art on engineering problem
solving esearch is made use of. For example, Donald
Woods [8] has developed guidelines to create assignments
that teach as well as reinforce lecture concepts. Wankat and
Oreovicz [9] introduce a problem-solving taxonomy [10]
and dedicate a chapter to teach problem solving strategies.
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FLOW DIAGRAM FOR HOMEWORK /PRACTICEQUESTIONING MODE

The question model insures that a topic of the knowledge
map is covered at various difficulty levels, that learner help
is provided, and that a measure of learner's level of
understanding is provided. The “dimensions’ quantified for
each question include:

1. Content Area—Graphical specification of which
portion or portions of the knowledge map the question
“covers’.

2. Difficulty level—A five point scale is used to rate
each question from 1 (very easy) to 5 (most difficult).

3. Category — Questions fall into three categories to
support engineering disciplines:

Informational: questions that simply measure the
learner's knowledge of the topic area lesics. Questions
would be of the multiple choice and true/false format.

Analytical: questions that involve computations.
Answers to these questions would vary based on randomly
selected parameters.

Design: questions that measure the learner’s ability to
make design decisions.

4. Scope— A five point scale is used to rank each
guestion from 1 (very narrow bcus) to 5 (broad focus).
Typically questions with arating of 1 in scope coversonly a
single content area in the concept map, whereas questions
with a rating of 5 covers several areas in the concept map,
which help the students apply their skills in different
contexts.

Another part of the question model is a solution map,
used to formally specify the solution, to provide intelligent
help, and to improve the learner assessment. The solution
map consists of an index of concepts needed to solve the
problem, specific equations or rules which are needed to
solve the problem, and links to simulations, which can be
used to help illustrate the solution. A simulation can be a
simple set of equations or a complex simulation system
developed in numerous tools (Matlab, MathCad, PSpice, and
Macromedia) or languages (Javaand VRML).

A key aspect of the questioning model is the
“intelligence to provide meaningful feedback to the user.
That is, the questioning process itself should be interactive
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and instructional to the student. The system under
development at present is based on the flowchart depicted in
Figure 5. In this homework/practice mode, if questions are
answered correctly, the student is immediately informed of
the result, the user datais updated, and the next question is
generated. If, however, the answer is incorrect, some
tutorial information is presented, and a set of less complex
questions is posed to the student, drawn from the sub-topics
contained in the original question.

Questions of like content and level of difficulty are
grouped into a Question Set. The questioning process
involves: randomly selecting a question from the set,
completing the question, gathering assessment information,
and providing a measure of the degree of understanding
back to the knowledge model for use in knowledge
assessment. Besides selecting and asking a question, the
Question Set also provides a mechanism to quantify degree
of understanding. This is used to assist in assessing the
student’s level of competence in each topic to determine if
he/she requires further work.

Two primary modes of built-in tutoring are anticipated
when the learning mode is turned on.

Basic Model. The basic model simply identifies a
right/wrong result. If the answer is wrong, the question
model also refers the student to specific reference material to
be reviewed prior to continuing. Reference material could
include online material (organized in a module structure),
textbooks, etc.

Advanced Model. The advanced model attempts to
more closely identify the problem area for the student. Once
awrong answer is found, the solution map is used to pose a
series of intermediate questions leading to the final answer.
In this manner, the model can attempt to specifically identify
if there is a math problem, conceptual problem, or another
potential problem area. The student will then be given
reference material to address that specific problem. On
completion, the same question can be asked again with new
parameters to determine if the problem is overcome. A
degree of under standing (0 to 100) is then passed back to the
knowledge model along with the focus area of concern
where the problem lies (if the student continually has errors
in the same focus area of concern, he will be sent back to
previous material, along with assessment, to ensure
understanding of that subtopic). The integration of the
Bayesian net used in the Andes system with the curriculum’s
concept map will be investigated as the primary means of
student assessment.

EXAMPLE

To use the intelligent questioning system (1QS), a student
would use aweb browser to access the 1QS web server. The
student would first have to enter a user name and password.
Then the student would select a course from alist of courses
the student is currently enrolled in as part of his or her overal
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program of study. The next screen would present a
graphical view of the course partitioned into modules. The
image would clearly show the degree of understanding that
the student has earned for each module. For each module a
graphical image of the concepts that form the module is
given together with the degree of understanding for each
concept. If the student selects nodal analysis and thisis the
first time the student has attempted a question on this
concept, a possible question tha is selected by the 1QS could
be as shown in Figure 6.

Question. Determine the nodal voltages in the
following netwok.
Va 50 Vb 250 Vc
108 16
& % Do
L
v, =
Vb_
Ve T Submit
FIGURE. 6

EXAMPLE OF QUESTION POSED BY THE INTELLIGENT QUESTIONING SY STEM

Some of the “dimensions” maintained in the
guestion database for this question are givenin Tablel.

TABLE |
DIMENSIONSASSOCIATED WITH THE QUESTION IN FIGURES
Dimension Value Explanation

Content Area 201.3.01 A key that pointsto
the introduction to
nodal voltages
concept. Thisisthe
first concept in
module 3 of the 201
course.

Difficulty level 1 Very easy

Category 2 Analytical

Scope 1 Very narrow focus

For each question, the question database contains the
text of the question, the dimensions from Table I, alink to a
plain network as seen in Figure 7, a listing of objects and
parameters that need to be defined, their relative positions,
the passing score, a question weight, a SPICE script or a set
of mathematical expressions of the plain network, and a list
of steps that form the solution. The plain network in Figure
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7 facilitates its reuse in other questions. Not only can the
values of al the parameters be chosen by the 1QS, but also
the source type and the polarity or current direction. Since
this is one of the first questions in nodal anaysis, an
academic set of parameters for the sources and resistors was
chosen that lead to integer values for all the nodal voltages.
The Question Builder block in Figure 4 creates and
assembles the html code for the question together with the
necessary images. This information is then passed to the
web server using an ASP script as shown in Figure 2. The
Question Broker block computes the answers with the
assistance of an external application such as PSpice,
MathCAD or Matlab. If the answers are correct within a
specified tolerance, the student record is updated and the
option for another harder question is given as shown in
Figure 5. If the answer is incorrect and the basic tutoring
mode is on, the student is only told which answers are
incorrect and is given alist of links to get more help. If the
answer is incorrect and the advanced tutoring mode is on, a
possible sequence of steps is given. In this problem, there
are two main stepsin the solution:

1. Solvefor vy,

2. Solvefor w, and v,

The student must first solve for v, To help the student, links
to very specific reference material are given. Once V, is
correctly solved the student is given the chance to type the
answers for W, and V. If the answers are incorrect, a new
sequence of possible stepsis presented:

3. Writethe KCL equation at node b.

3.1. Define reference directions for the
currents through the 5, 2.5W, and 10W
resistors.

3.2. Write and simplify the KCL equation at
node b.

A similar sequence of steps is given to write the KCL
equation at node c. Finally, the student is asked to write the
set of two equations in two unknowns in matrix form and to
solve them using Cramer’s rule. At each step the student’s
intermediate answers are checked and links to specific
reference material are given if the answer isincorrect. This
detailed tutoring has been made possible by decomposing
the solution into smaller steps for which an automated
tutoring wizard has already been developed. With careful
planning it should be possible to reuse portions of the
wizards to develop new for more complex operations.

Once the student has correctly answered the
guestion, the assesment of the degree of understanding of the
concept as well as a measure of the areas d concern is
formed and the student database is updated. The student
would then be given the choice to try the same problem with
different parameters or another similar problem before trying
amore difficult one.
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FIGURE. 7
SCHEMATIC OF NETWORK TEMPLATE USED IN FIGURE 6.

FUTURE WORK

As of the time of this writing (May 2001), work is ongoing
to complete deviopment of the vaious databases mentioned
in this paper, and to create the needed script codes for the
required logic and processing. The goal isto create asystem
such that questions can be “easily” created and entred by an
instructor. Nevertheless, the generation of questions with
intelligent help is likely to be a big concern in terms of the
amount of effort needed for question/help authoring. The
objective is to build a protype system, and then to to
evaluate it with students and faculty, as applied to
fundamental conceptsin circuit theory.

CONCLUSIONS

A critical component in computer based education and
training systems are good questioning and assessment tools.
Computer-based systems which rely on instructors for al
grading and assessment cannot be scaled to accommodate
large numbers of students. Computer-based systems which
give only non-interactive assessment measures are not
satisfying to the student nor likely to promote effective
learning.  This paper presents an overview of the
architecture and data structures necessary to create an
interactive questioning system with considerable feedback to
the user. This questioning system is closely linked with a
knowledge system which monitors student learning and
progress.

The goa of this work is to support a web-based
Computer Engineering curriculum, both domestic and
international, as well as to improve the learning process for
on-campus students. The system will give immediate
feedback and assistance to the student, an improvement over
the delays required with classical assessment measures such
as homework. Thus, while this questioning system is still a
work in progress (see aso [11],[12]), it is believed that the
success of this project will provide an improved learning
environment and the capability to support distance learning.
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