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Abstract. Intelligent Tutoring Systems are notoriously costly to construct [1], and
require PhD level experience in cognitive science and rule based programming. The
goal of this research was to ease the development process for building pseudo-tutors
[4], which are ITS constructs that mimic cognitive tutors but are limited in that they
only work for a single problem. The Assistment Builder is a system designed to
rapidly develop, test, and deploy simple pseudo-tutors. These tutors provide a simple
cognitive model based upon a state graph tailored to a specific problem. These tutors
offer many of the features of rule-based tutors, but without the expensive creation
time. The system simplifies the process of tutor construction to allow users with little
or no ITS experience to develop content. The system provides a web-based interface
as a means to build and store these simple tutors we have called Assistments. This
paper describes our attempt to make the process of developing content easy for
teachers. We present some evidence to suggest that these novice users can develop a
tutor for aproblem in under thirty minutes.

1. Introduction

This research aims to develop tools for the rapid development and deployment of Intelligent
Tutoring Systems (ITS). Specifically, this research focused on so-called “pseudo-tutors’
that are a simplification of cognitive rule-based tutors 4]. Model tracing rule-based tutors
[1] have been shown to be effective [5], but development time on them is highly
prohibitive, from 100-1000 hours of development time per hour of content [6][1].
Development also requires a very specialized knowledge set. Tutor developers are required
to be expert system programmers, in addition to developing the cognitive model, to say
nothing of being a content expert. Another aim of this research was to make our tools
accessible to novices, with no programming experience, and less than an hour of training.

A pseudo-tutor is a simplified cognitive model based on a state graph. State graphs
are finite graphs with each arc representing a student action, and each node representing a
dtate of the problem interface [2][8]. Student actions trigger transitions in the graph, and the
current state of the problem is stored by the graph. Pseudo-tutors have nearly identical
behavior to a rule-based tutor, but suffer from having no ability to generalize to different
problems [3]. This pseudo-tutor approach allows for predicted behaviors and provides
feedback based on those behaviors. We aso combined this state graph with a conceptually
broader branching structure referred to as scaffolding. Scaffolding provides sub-problems
to the initial question, often designed to address specific concepts within the initia
guestion. Both initial and scaffold questions can branch to different scaffolding questions
depending on a student’s actions. This alows for a higher-level of predicted actions to be
handled.



1.1 Overview of the Assistments Proj ect

These pseudo-tutors are being developed and deployed as part of the Assistments Project
[7]. The Assistments architecture is an interactive content delivery system designed to
deploy both pseudo-tutors and full cognitive model tutors over the web with centralized
database logging of student actions. A problem consists of an interface definition and
behavior definition. The interface definition provides a collection of ssmple widgets to be
displayed to the student. The behavior definition is a representation of the state graph and
its trangitions, or a cognitive model. Many types of behaviors are possible within the
representation and architecture. These two parts of the representation are consumed by the
runtime Assistment architecture, and presented to the student over the web. Student actions
are then fed back to the representation, and compared with the state graph or used to model
trace.

1.2 Purpose of the Assistment Builder

We sought to create a tool that would provide a smple web-based interface for creating
these pseudo-tutors. Upon content creation, we could rapidly deploy the tutor across the
web, and if errors were found with the tutor, bug-fixing or correction would be quick and
simple. Finally, the tool had to be usable by someone with no programming experience and
no ITS background. This applied directly to our project of creating tutors for the
mathematics section of the Massachusetts Department of Education (MCAYS) test [7]. We
wanted the teachers in the public school s/stem to be able to build pseudo-tutors. These
pseudo-tutors are often referred to as Assistments but the term is not limited to pseudo-
tutors.

A secondary purpose of the Assistment Builder was to aid the construction of a
Transfer Model. A Transfer Model is a cognitive model construct divorced from specific
tutors. The Transfer Model is a directed graph of knowledge components representing
specific concepts that a student could learn. These knowledge components are then
associated with a specific tutor (or even sub-question within that tutor) so that the tutor is
associated with a number of knowledge component arcs associated with it. This allows us to
maintain a complex cognitive model of the student without necessarily involving a
production rule system. The basic structure of an Assistment is atop-level question that can
then branch to scaffolding questions based on student input

The scaffolding questions mentioned above are all queued as soon as a user gets the
top-level question incorrect, or requests help in the form of a hint. Upon successfully
completing the displayed scaffolding question the next is displayed until the queue is
empty. Many Assistment authors also use text feedback on certain incorrect answers. These
feedback messages are called bug messages. Bug messages address the specific error made,
and match common or expected mistakes.

Content creators can aso use the Assistment Builder to add hint messages to
problems, providing the student with hints attached to a specific scaffolding question. This
combination of hints, buggy messages, and branched scaffolding questions allow even the
simple state diagrams described above to assume a useful complexity.

We constructed the Assistment Builder as a web application for accessibility and
ease of use purposes, ateacher or content creator can create, test, and deploy an Assistment
without installing any additional software. A user can design and test his Assistment and
then instantly deploy it. By making the Assistment Builder available over the web, if a new
feature is added users do not need to update any software.



2 Methods

To analyze the effectiveness of the Assistment Builder, we developed a system to
log the actions of an author. While authors have been constructing items for nearly six
months, only very recently has the Assistment Builder had the capability to log actions.

Each action is recorded with associated meta-data, including author, timestamps, the
specific series of problems being worked on, and data specific to each action. These actions
were recorded for a number of Assistment authors over severa days. The authors were
asked to build original items and keep track of roughly how much time spent on each item
for corroboration. The authors were also asked to create “morphs,” aterm used to indicate a
new problem that had a very similar setup to an existing problem. “Morphs’ are usually
constructed by loading the existing problem into the Assistment Builder, altering it, and
saving it with a different name. This allows rapid content development for testing transfer
between problems. We wanted to compare the development time for original items to that
of “morphs’ [7].

Another trial of the Assistment Builder with less rigorous methodology was testing
how authors with little experience would react to the software. To test the usability of the
Assistment Builder, we were able to provide the software to two high-school teachers in the
Worcester, Massachusetts area. These teachers were computer literate, but had no previous
experience with intelligent tutoring systems, or creating mathematics educational software.
Our tutorial consisted of demonstrating the creation of a problem using the Assistment
Builder, then allowing the teacher to create their own with an experienced observer to
answer questions. Finaly, we hope to allow them to author Assistments on their own,
without assistance.

3 Results & Analysis

Prior to the implementation of logging within the Assistment Builder, we obtained
encouraging anecdotal results of the software’s use. A high-school mathematics teacher
was able to create 15 items and morph each one, resulting in 30 Assistments over severa
months. Her training consisted of approximately four hours spread over two days in which
she created 5 origina Assistments under supervision. While there is unfortunately no log
data to strengthen this result, it is nonetheless encouraging.

The logging data obtained suggests that the average time to build an entirely new
Assistment is approximately 25 minutes. Entirely new Assistments are those that are built
using new content and not based on existing material. This data was acquired by
examining the time that elapsed between the initialization of a new problem and the
problem save time. Creation times for Assistments with more scaffolds naturally took
longer than those with fewer scaffolds. Experience with the system also decreases
Assistment creation time, as end-users who are more comfortable with the Assistment
Builder are able work faster. Nonetheless, even users who were just learning the system
were able to create Assistments in reasonable time. For instance, Users 2, 3, and 4 (see
Table 1) provide examples of end-users who have little experience using the Assistment
Builder. In fact, some of them ae using the system for the first time in the examples
provided.



Table1: Full I1tem Creation

Username | Number of Scaffolds | Time Elapsed (min) We were aso able to collect
User 1 10 35 useful data on morph creation
User 1 2 23 time and Assistment editing time.
User 2 3 45 On average morphing an
User 2 2 31 . .
User 2 ) 5 Assstmept takes approxmately
User 3 > 1 10-20 minutes depending on the
User4 3 37 number of scaffolds in an
User 4 0 15 Assistment and the nature of the
User 5 4 30 morph. More complex Assistment
User 5 2 8 morphs  require more time
332 j ;g because larger parts of an
User 5 3 31 Assistment must be changed.
User 5 2 24 Editing tasks usualy involve
Average: 25.4 minutes | minor changes to an Assistments

wording or interface. These usually take less than a minute to locate and fix.

4 Conclusions

The Assistment Builder has been in use over six months by a variety of users

involved in the Assistments project. Teachers, developers, and others have used it to
develop pseudo-tutor Assistments The end result has been over a thousand individual
pseudo-tutors deployed on the web. The breadth of users who developed these Assistments
and the number created would not have been possible without the Assistment Builder.
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