An In-Depth Exploration and Evaluation of Miss. Lindquist

Introduction and History

Intelligent tutoring systems (ITS) are computer programs that are designed to incorporate
techniques from the Artificia Intelligence (Al) community in order to provide tutors
which know what they teach, who they teach and how to teach it. Al attemptsto produce
a behavior in computer, which if performed by a human would be described as “good
teaching” (Elsom-Cook, 1987). A current ITS typically has four components. expert
knowledge module, student knowledge module, tutoring module, and user interface.
(Nwana, 1990) On the opposite of constructivist theory which stresses “learning by
doing” or “learning by design” (Duffy & Jonassen, 1992), ITS designers stress “learning
by being told.” (Michalski & Chilausky, 1980) Dueto thisnature of ITS, it shows certain
advantages over traditiona labs or discovery learning (Albacete, 2000) such as: clear
articulation of knowledge, providing clear diagnosis of errors of students, showing how
and why certain instructional techniques work or not. (Nwana, 1990) These features
enable ITS to be a perfect test-bed for many theories and an ideal alternative of human
tutors offering one-to-one tutoring, which was proven to be avery efficient way to attain
higher achievements. In one research, 98% of students with private tutors performed

better than those without private tutors. (Bloom, 1984).

Ms. Lindquist is a dialog based ITS. It is developed by Nell Heffernan and Ken
Koedinger (2001) at Carnegie Melon University. The goal of this software is to tutor

students to write algebraic expressions from word questions. It initially asks the student
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an algebraword question, in which there are several relations between several variables.
If the student’ s answer is correct, the ITS will jJump to the next question. If the answer is
wrong, the ITSwill restate the question in which some variables and relations are omitted,
such that the question is shorter and smpler. The ITS aso provides appropriate hints
upon student’ s wrong answer. It isintelligent and looks like a human expert because the

tutoring it providesis based on student’ s response.

The developer of Ms. Lindquist conducted a smple formative evauation on the
effectiveness of the software by giving 20 students a six-item posttest after 2 hours' use
and asserted “ Students using Ms. Lindquist did better on the post test”. (Heffernan, 2001)
This result is not strong enough to show the software' s advantage over other computer
based or traditional instructional technique. Besides, the sampling and instrument of this

research seriously weakened the reliability and validity of the result.

Instructional software, like al other educational material, should be evaluated beforeit is
used in the classroom or research laboratory. (Heller,1991) The purpose of this case
study is to investigate the effectiveness of Ms. Lindquist by hands-on exploration,
criticize on its advantages and weaknesses, and propose aredesign. Thisreport is carried

out towards the end of software development cycle.

Hands-on Exploration
In my case study, | asked Huong Huang to be the learner of this software. As of in

February 2003, the software is migrated to aweb-based platform. Questions and answers
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are delivered via web browser with Java Applet technology. This new form of Ms.

Lindquist isnovel to us.

Ms. Lindquist consists of 1-operator questions and 2-operator questions. Initialy, Ms.
Lindquist asks students to answer 1-operator questions. If the answers are correct,

advance to 2-operator questions, otherwise enter the tutoring dialogs.

Following are the tutoring dialogs of a 1-operator question:

¢ Levd 0 (question): Each person at the party gets two scoops of ice cream.  Write
an expression for the number of scoops of ice cream needed if there are "p”
people at the party. (Answer: 2*p)

¢ Leve 1: In stead of asking students to type an expression, it asks students to
select the first variable (i.e. total number of people, total scoops of ice cream,
scoops of ice cream per person), the operator (i.e. plus, minus, times, divided by),
and the second operator.

¢ Level 2: Students are still asked to make choicesin 3 drop-down menus.
However, thistime Ms. Lindquist just simply tells the answer in a sentence: “The
number of scoops of ice cream needed equals the number of people timesthe

number of scoops per person.”

At any screen, if the student gives awrong answer, then go forward to the next screen.
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Leve 2 screenisthefarthest screen that a student can explore. If the answer isstill wrong,
then level 2 screenislooped until the student gives acorrect answer. If the answer is
correct, then Ms. Lindquist return to level 0 screen and assume that the tutoring process
has finished. If the student makes any mistakes again, Ms. Lindquist won’t provide any
tutoring. It just considers it as atypo and shows the expression on the screen. Following

isascreen transition diagram based on our experience of exploration:

r

Pre-test Pre-test* r Next question
v

Level O Level O*

W
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“r" denotes “production rule based on aright answer”

“w” denotes “production rule based on awrong answer”

"*" indicates “correct answer detected, any more wrong answers
are considered typos.”

w

The above diagram shows transitions of dialog screens of a 1-operator question. It isthe
basic construction of this software. Although 2-operator questions have more complex
transition diagrams and much more production rules, their structureisjust the
combination of two 1-operator transition diagrams. Therefore, if the student makes a
mistakein thefirst operator, he/she will enter the left sub-tree of the diagram; if the
student makes amistake in the second operator, he/she will enter the right sub-tree of the
diagram. However, 2-operator tutoring structure and productions rules do require much

more sophisticated design because following issues must be implemented properly:
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1. Equivalence of expressions. i.e. x+y*z isequivaent to x+(y*z) or z*y+x
2. Errorsinvariables, not in operators. i.e. if in x+y*z, y iswrong, which production

rule will be applied?

In our hands-on exploration, we found that Ms. Lindquist handlesthe first issue properly.
The second issue is aso nicely implemented by reminding the student of what that
variable represents, if wrong again, then just telling the correct symbol the student should
use. Sincethistutoring in variablesisjust alinear process, it doesn’t add too many

entangling production rules into the already complex structure.

The software also keeps tracking and recording each student’ s performance by a unique
user-name, so that students may retrieve their personal history from the database when

they log-on later.

Critiquesand Proposalsfor A Redesign

Generdly, Ms. Lindquist has shown its effectiveness and efficiency in teaching algebra
word questions (Heffernan, 2001). Comparing with other computer-based teaching, this
I TS-based software is innovative and more effective. From hands-on explorations and
the transition diagram above, | found that Anderson’s model tracing designislying
beneath. Specificaly, “there should be a production rule model of the underlying skill

incorporated into the tutor. Thisisamodel which would perform the task the student
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was expected to perform. At each point in the problem solving the model is capable of
generating a set of production sequences which represent correct solutions of the
problem.” (Anderson, et a. 1995) The software also provides sufficient feedback and
help messages to guide students to the correct solution. Besides, the establishment of

a student performance and history database is avery useful design.

However, | aso propose following issues which may be improved in aredesign:

1. The off-path actions may be improved. Currently, if a student keeps giving wrong
answers, Ms. Lindquist will lose its patience and keep looping the same screen
(which states or shows the correct solution) at a certain level. The designer assumes
that every student can understand this“easiest” level of screen. But what if a student
just cannot understand it? Repeating the same information or telling the correct
answer doesn’'t help alot. Therefore, | propose that some additional resource
information or actions (e.g. aweb link or an auto-generated email sent to the

instructor) may be provided in this screen.

Additional Resources Email to the instructor

2. Theinterface looks simple. Only standard Windows interface components (e.g.

Page 6 of 8



text-field, drop-down menu, button) are used. Some graphics or animations may be
added to support word statements so that questions, feedbacks, help information can
be delivered in amore vivid and clear way.
Discussions and Conclusions
Building an ITSisnot an easy job. It requires not only alot of programming work (even
for only one question), but also, more importantly, a comprehensive and precise design
of production rule models. We must consider every possible action from students and
provide proper feedback and tutoring information based on that. Continuous formative
evaluation should be carried out so that the software’ s functionality and interface can be

improved to achieve higher usability and usefulness.
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