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ABSTRACT 
 
The Conversational Diagnostic Agent (CDA) project entails the development of a diagnostic software 
component of an intelligent tutoring system. Specifically, this software is intended to work with students 
who request tutoring help. The CDA will converse with each student through a series of questions and 
tasks to diagnose any weakness in skills. It then will link the student to appropriate remedial instruction. 
Although the idea of intelligent tutoring systems is not new, ITS has struggled to make an impact—
primarily due to the brittle nature of the systems. Our project creates a practical tool that can be used at 
universities nationwide.   
  
 
Introduction 
The benefits of one-to-one human tutoring as an instructional approach are well known. Research reports 
of the efficacy of tutoring range from 1.05 to 2 standard deviations of improvement (Bloom, 1984; 
Wisher, Macpherson, Abramson, Thornton, & Dees 2001). There are several drawbacks to such tutoring, 
however. It requires large amounts of faculty-to-student time. It is limited to the accessibility of tutors. 
And it requires that tutors have the skills to properly diagnose the problem and to present the appropriate 
remedial material. Research with real tutors in high school and college environments suggests that most 
tutors are untrained, and consequently do not engage in all of the behaviors that "ideal" tutors might use. 
Specifically, untrained tutors do not systematically use a diagnostic technique. Instead, they appear to 
work with curriculum plans or loosely organized topics (Graesser, Person, & Magliano, 1995). 
 
Intelligent Tutoring Systems (ITS) have attempted to resolve some of these issues in the past. However, 
few ITS have been put into common use. Virvou & Moundridou (2000) state that Intelligent Tutoring and 
Web-based tutoring have not been integrated into "real environments." Often ITS require specialized 
programming, rendering then unusable by average faculty members (Major, 1995). In addition, many of 
these systems are not convenient for either faculty or student. Students may be required to use a specific 
piece of software, or to be on a limited set of computers to interact with an ITS.  
 
Project Significance 
Our project addresses the following goals:  
• Students should be able to communicate easily, in real-time, in natural language at the moment of 

need; 
• A systematic approach should be used in diagnosis, making it more efficient and accurate;  
• Any new system should be easily used and adopted by faculty without the need for advanced 

programming skills. 
 
To address these goals, we have developed the Conversational Diagnostic Agent (CDA). The CDA is a 
software agent that communicates in natural language with students. Specifically, its purpose is to work 
with a student, using a series of questions and skill-based tasks, to diagnose a student's inability to 
complete a course-related task. 
 



The Conversational Diagnostic Agent has several significant features that satisfy the problems that we 
have identified. First, the CDA is integrated with Instant Messenger (IM), the most popular real-time 
conversation tool on the Internet, providing almost universal access. It enables real-time, text-based 
“chat” from any machine on the Internet to our agent. Communicating in a natural manner is the crux of 
user-centered computing (Dertouzos, 2001). This project is significant in that it enables natural language 
communication in a ubiquitous environment. 
 
Second, the diagnostic algorithm is based on a learning hierarchy (explained below) which is significant 
because it improves the accuracy of the diagnosis. The CDA provides a behaviorally-stated diagnosis that 
can be used by faculty members either to continue to tutor the student, or to provide remedial help or 
resources. Separating the diagnostic process from the overall tutoring process in this way is also a 
significant feature not seen in existing ITS.   
 
Finally, the CDA does not require specialized programming skills from faculty users, which will lead to 
easier adoption by faculty members. Previous Intelligent Tutoring Systems have required large amounts 
of development time (Woolf and Cunningham, 1987) which often produced instructional "brittleware" 
that could not be reused (Yacci, 1999). Major (1995) suggests that for intelligent systems to be used in 
practical situations, they should adopt a "shell" orientation, in which the basic components of the system 
already exist. The shell approach significantly reduces the amount of faculty development time, and 
makes the CDA more appealing to teachers and trainers who will eventually use it. 

 
Project Design 
Diagnosis in many existing ITS has taken the form of an overlay approach in which student knowledge 
(the student model) is matched to an expert's organization (the expert model) of the subject matter. The 
primary problem with the overlay approach is that the expert model is loosely organized with no 
systematic approach. The CDA bases its expert model on Gagne and Briggs' (1974; Gagne & Medsker, 
1996) idea of a learning hierarchy, which enables more precise identification of prerequisite skills in 
behavioral terms. Using a hierarchical analysis, the CDA provides a more accurate, behaviorally stated 
diagnosis. Gagne's approach claims that skills can be decomposed into requisite subskills. If any of those 
subskills are lacking, a higher level of skill cannot be achieved. This much-researched theory is axiomatic 
in the field of instructional design. However, there is currently no ITS that explicitly uses this theory. The 
CDA determines the skills each student lacks by asking a series of task-related questions about core skills 
and subskills.  
 
The user interface for this project uses a conversational agent, a software system that communicates 
about a limited range of topics using natural language (see Cassell  Sullivan, Prevost & Chruchill, 2000). 
The student communicates with the conversational agent using the popular real-time text messaging 
software, Instant Messenger (IM) and can ask questions and respond to questions. The conversational 
agent is available 24 hours a day, and can accept multiple communications, allowing it to work with 
hundreds of students at a time. 
 
Tasks and questions for the student to complete are selected from a server-side database. There are 
multiple tasks and structured questions that are keyed to specific skills in the hierarchy. A student may be 
given several opportunities to prove that he or she has attained a skill. 
 
An additional software component will support the teacher-to-agent knowledge acquisition activity that 
creates the expert model. This component allows the faculty member to record knowledge in a properly 
formed learning hierarchy. The interface will contain knowledge templates for storing different types of 
content, such as concepts, procedures, principles, and others (see Yacci, 1999). The expert model and 
student models are stored and accessed in a server-side database, so that the two can be compared in the 
overlay approach described earlier. 



 
Project Progress 
This task-centered interface was partially tested (Jones, 2002) along with several other interfaces. This 
evaluation suggested that students could be comfortable with a task-based interface as long as they 
understood the reasoning for it. The conversational interface is currently in process. The natural language 
processing entailed by the system will be discussed in the presentation. 
 
The actual diagnostic engine has been constructed. Currently, the engine is being linked to a database of 
skill-based questions that can be selected by the agent. After diagnosing the lack of a specific skill, the 
CDA provides the student with a statement of the skill that should be learned. In the future, it will provide 
links to existing resources, such as textbook pages, self-paced instructional modules, or other references. 
 
To facilitate the use of this system, we have developed a web-based instructor "front end" that enables 
classroom instructors to input the outcomes of their courses in a hierarchical structure through the Internet 
(see diagram 1, below). The front end will ideally contain performance support tools and help pages to 
assist the instructor as he or she inputs the course objectives. 
 

 
Diagram 1: The Instructor Front-End 

 
 



We have already built several prototypes of the various components of the CDA, but there is much that 
remains to be completed. We are planning a small-scale field test of this project in Spring 2004. We will 
gather data to test its effectiveness and efficiency in diagnosis of student problems. We will also gather 
students' qualitative data regarding the conversational interface. Data concerning the frequency of use can 
be gathered automatically. 
 
Because of the degree of control over the tutoring variables, the CDA is an ideal mechanism for testing 
newer models and theories of tutoring. The algorithm and the conversational interface can both be 
modified and controlled. However, the main purpose of the CDA is to be a practical, useful, and usable 
system that will make a significant enhance both teaching and learning.  
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