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Abstract

In this paper we describe the structure of an intelligent tutoring system called MIS-Tutor (MIST) that we have developed in support of students' mastery learning. The effectiveness of the MIST has been assessed over a period of four years with 1,328 students registered in a third-year B.Com. Management Information Systems course.
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Introduction

Increasingly, intelligent tutoring system (ITS) is expected to enhance learning and teaching processes.  This expectation is based on the notion that, by supporting interactive instruction, ITS will encourage students to assume more responsibility for their own learning. ITS, it is argued, can help students learn the elementary and fundamental concepts on which courses are based, thereby freeing faculty to address the more complex and esoteric aspects of course content.  Furthermore, ITS aids the assessment of learning more effectively and efficiently than traditional means and also improves feedback of the assessment into educational design.


A basic MIS course covers a wide range of fundamental topics.  Generally, one objective of the course is to ensure that students learn basic concepts, facts, and methodologies (i.e., students achieve mastery learning).  The second objective is to enable students to discover the myriad of complexities that impact on the application of information technology in an organization.  We have developed an ITS called MIS-Tutor (MIST) in support of student mastery learning.  This enables more class-time to be devoted to the second objective of the course (i.e., student discovery).  To this end, students can use case studies based on fundamentals and become involved in projects and class discussions designed to focus attention on issues that affect the implementation and use of information technology.


We assessed the effectiveness of MIST in support of IS mastery learning (Montazemi and Wang, 1995).  This assessment was completed over a span of four years.  The subject who participated in this investigation consisted of 1,328 students registered in a third-year B.Com. MIS course.   We used Zwass (1992) textbook in our assessment of the software. The finding show that student performance increased from an average of 70% without MIST support (i.e.,  human tutor only) to an average of 90% when they were supported by MIST and human tutors.  Our assessment of the student performance was based on nine weekly tests and a final exam conducted each year.

Operational Environment

As stated before, MIST incorporated the reading material from Zwass textbook.  However, it is possible to incorporate the content of any MIS textbook into the MIST.  The database of MIST consists of more than 4000 questions in form of multiple choice and true/false.  Additional questions can be added to the database in support of new features of a text book.


MIST can be adopted in support of MIS course as follows.

1. Instructor provides the students with a prescheduled reading list of the chapters from an MIS textbook and adopt MIST for students to reach mastery of basic concepts. This strategy enable the instructor to assign more class time for student participation in class discussion and analyses of case studies.  There are two options open to instructor to make sure that the students keep up with the prescheduled reading materials. The instructor can either assign weekly lab-tests or assign the students to hand in their MIST-working disk.

· Weekly lab-test is useful if there is enough microcomputer in the lab for all the students.  In this case, a software module provided to the instructor with the MIST package can do selection of questions for the lab-test and marking the test. We used this strategy to assess the usefulness of MIST.

· Lack of resources may inhibit weekly test.  In this case, the instructor can assign a mark (e.g., 5%) to encourage students use MIST to complete the prescheduled teaching materials.  To this end, students can upload their MIST-working disk or transfer their working disk to an Internet site.  This will enable the instructor to use a program included with MIST to view students' progress.

2. The instructor makes use of MIST optional.  In this case, there is no guarantee that the students will keep up with the prescheduled reading list.  Thus making it difficult for the instructor to assess students’ progress through the course and/or plan an effective class discussion.  Nonetheless, those students who use MIST will be able to enhance their learning and assess their own progress as they go through the MIST’s learning lessons.

Overview of the structure of the MIST
To be successful, design of intelligent tutoring systems must be based on well-grounded theories of learning processes.  This has been the basis for the design of MIS-Tutor (MIST) in support of IS mastery learning that took four years to develop and test its usefulness. MIST has several components as follows: a student model module, an expert knowledge module, a tutoring module, and a user interface module (See Figure 1). 

Figure 1

A General Architecture for ITS
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MIST System Structure 


Four levels of conscious processing, over which a learner can exercise deliberate control, are postulated to exist (Merill, 1984): content selection, display selection, conscious cognition, and meta-cognition.  Merill contends


Content selection refers to a decision by the learner about what objective (segment, lesson or unit) to study next.  Display selection refers to a decision by the learner about what type of presentation s/he wishes to study next.  Conscious cognition refers to the mental processes the student uses to encode the information presented by the given display.  Meta-cognition refers to the "how to study" model which the student uses to guide her/his interaction with the instructional system being used (p.223).


An overlay model of computer-based instruction (CBI) (Ohlsson, 1993) is adopted for the development of the MIST.  This model make possible the control of content selection, display selection, and the metacognition rules used by students to select content or displays.  Consequently, any variation in learning and performance among the students could be attributed to conscious cognition, including the student's goal orientation toward the course material.


Student goals can have both intrinsic and extrinsic orientation (Pintrich and Garcia, 1991).  Intrinsic reasons for performing in a classroom setting include rationales such as wanting to learn more, being challenged, being curious, and attempting to understand the course material in depth.  Simultaneously, students may have extrinsic reasons for attempting class work, and these include achieving good grades, proving they are more intelligent than their fellow students, and seeking approval from others, such as family or friends.


To support a learner's extrinsic goals, a learner-control advisement condition is incorporated into the design of the MIST.  Tennyson (1981) found that a learner-control condition can be a valuable CBI management strategy, if the students receive sufficient information about their progress -- information that continuously demonstrates what progress they are making toward mastery of the objective and that provides meaningful advice on the appropriate stimuli necessary to obtain.


To support a learner's intrinsic goal, hypermedia technology is used in the development of MIST (McGraw, 1994).  Hypermedia technology enabl the learner to control his/her path through the material in each learning-lesson (within the limit created by the instructional designer in the form of hyper-button).  The learner could match his/her style to the hypermedia product and browse as interest demand.  Kearsely (1988) contends that hypermedia links facilitate remembering, concept formation, and understanding.  The hypermedia links are similar in structure to those in the instructional hypertext design reported by Kelly and O'Donnell (1994). The screen design of the MIST correspond to guidelines suggested by Jeiven (1994).

MIST's Instructional Structure


The intellectual skills to be taught in a particular instructional program should always be identified (Torshen, 1977).  Teaching these skills should be sequenced so that students master basic skills before they attempt to learn the more advanced ones (Resnick, 1981).  MIST's teaching style is adopted from the pre‑structured teaching materials as laid out in a MIS text book authored by Zwass (1992).  The structure of material in this text follows closely the elaboration theory of instruction (Reigeluth, 1979; Reigeluth et al., 1978).  The text begins with a wide-angle view of MIS, which gradually increases the detail and complexity of its parts by zooming in on them.  The wide angle view is revisited once more to integrate specific information with the larger whole and to review previous instruction.  This structure is believed to enhance learning, retention, and learning transfer (Gagne and Dick, 1983).  The Zwass text comprise twenty chapters (See Appendix 1), each being divided into sections, with each section consisting of several learning-lessons and which included text materials.  MIST consist of 365 learning-lessons.

MIST's Instructional Path


The sequence of the learning-lessons is pre-specified: All learning-lessons within a section has to be successfully completed before a student is allowed to move on to the next.  Hyper-buttons in each learning-lesson provide additional information in form of texts, figures, graphs, and pictures.  Selection of hyper-buttons is at the discretion of the individual students.  The content of all sections of a chapter has to be mastered before a student could go on to the next.


Student mastery in MIST is assessed as follows (See Figure 2).  A set of questions test student knowledge of the learning-lessons in one section of the text.  Upon an incorrect response to a question, the related learning-lesson is presented to the student.  The student could then spend as much time as he/she feet necessary to learn the content of a learning-lesson.  After exiting a learning-lesson, a question is randomly selected and presented to the student.  Questions are either of the multiple choice or true/false format.  A wrong answer triggered feedback, and the content of the learning-lesson is displayed once more on the screen.  To facilitate retention, this feedback does not provide the correct answer (Surber and Anderson, 1975).  At this point, external pacing is enforced through a neural time estimator (NTE).  The time required to learn the learning-lesson is computed by the neural network time estimator (Montazemi and Wang, 1995).  After the allotted time elapsed, students could leave the learning-lesson and respond to another randomly generated question.  An incorrect response to this question indicates that the student might have forgotten a subset of prerequisite materials for understanding the learning-lesson.  The challenge for the neural retention estimator (NRE) is to identify the most probable prerequisite learning-lessons that had been forgotten by individual students.

Figure 2

Flow Chart for Mastery Learning of a Section in MIST
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Appendix 1

Title of 20 Chapters of Zwass Text Book

 1
Introduction to management information systems

 2
Informational needs of organizations in an information society

 3
Structure of management information systems

 4
Transaction processing systems

 5
Information systems for competitive advantage: Strategic use of information

 6
Computer systems: Hardware and software

 7
Distributed processing systems, telecommunications, and computer networks

 8
Databases

 9
End-user computing

10
Systems concepts

11
Management concepts: Planning and control

12
Organizations: Innovating with information technology

13
Manager and decision maker

14
Decision support systems and executive information systems

15
Applied artificial intelligence: Expert systems

16
Office information systems

17
The MIS function and information systems planning

18
Development and implementation of information systems

19
Techniques and tools for structured systems development

20        Operation, control, and maintenance of information systems
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