SCIP 2003    3

Strategies for  Research Methods Tutoring using Latent Semantic Analysis

David Allbritton

Peter Wiemer-Hastings

Elizabeth Arnott

Jesse Efron

DePaul University

Abstract

The concepts and skills taught in psychology research methods courses are fundamental to our field, yet are often difficult for students to master.  RMT (Research Methods Tutor, a descendent of Autotutor) is an  intelligent tutoring system that will supplement classroom instruction by engaging students in conversation about course topics, using LSA (latent semantic analysis) to understand student responses.  Pedagogical strategies implemented in RMT are described, along with plans for evaluation and deployment.

Summary

As an instructor of psychology research methods courses one is often struck by two observations.  First, the concepts and skills that are taught in research methods courses are fundamental to understanding psychological science, and are assumed to be part of a student’s repertoire when he or she takes advanced courses in psychology.  Second, these essential concepts are often very difficult for students to master, even with repeated practice and explanation in the classroom.  It is not uncommon to see a student at the end of the term still struggling to identify independent and dependent variables – a demoralizing experience for student and instructor alike.  

That students often respond better to one-on-one instruction is born out both by instructors’ casual observations and by research.  We all have a favorite anecdote about the struggling student who began coming to our office hours regularly and consequently succeeded in the course.  The evidence for the effectiveness of individual tutoring is more than anecdotal, however.  Expert tutors have been shown to produce learning gains that are up to two standard deviations greater than those achieved through classroom instruction alone (Bloom, 1984).  

Unfortunately, expert human tutoring is not a realistic option for improving learning across the board.  Instructors’ availability is limited.  This is the often-cited problem that one-on-one tutoring is too expensive, requiring too many resources to be practical on a large scale.  The problem is not simply one of resources, however.  Students do not take full advantage of even the expert tutoring resources that are already available.  The reason that instructors can remember a few specific students who regularly attended office hours is that they were the exceptional cases – most students never show up at all.  

A web-based intelligent tutoring system (ITS) has the dual advantages of low cost and high availability.  Once developed, the resources required to make the tutor available to all students in a course are relatively minimal.  Equally important is the convenience for the student of having a tutor available at any time, anywhere, and without an appointment.  An automated system also may avoid social barriers that could discourage students from seeking out a human tutor, such as concerns about how the instructor may perceive the student, or reticence to take up the instructor’s time.   

We have developed an ITS to supplement to classroom instruction in psychology research methods courses.  Research Methods Tutor (RMT) engages the student in a dialogue about key concepts and asks the student to analyze specific examples and construct solutions to problems.  RMT is a descendent of Autotutor (Graesser, Wiemer-Hastings, Wiemer-Hastings, & Kreuz, 1999; Wiemer-Hastings, Graesser, Harter, et al., 1998), and uses a natural-language interface similar to that of Autotutor to interact with students.  AutoTutor presents information and broad questions (with or without supporting images), and accepts responses from the student. Each response is evaluated with various natural language processing techniques.  Responses are classified as questions, short answers, frozen expressions, or replies with semantic content. For this last type of response, AutoTutor uses Latent Semantic Analysis (LSA; Landauer & Dumais, 1997; Wiemer-Hastings, Graesser, Harter, et al., 1998) to compare the text of the response to a small number of expected answers. This differs from other recent systems like BEE (Zinn, Moore, & Core, 2002), Atlas/Andes (Rose, Jordan, Ringenberg, VanLehn, Siler, & Weinstein, 2001) and the Cognitive Geometry Tutor (Aleven, Popescu, & Koedinger, 2001) which attempt to do full syntactic and semantic analysis of the responses.  Depending on the type and quality of the response, AutoTutor then provides positive, neutral or negative feedback to evaluate student answers. To keep the dialog moving and suggest possible directions that the students’ answers could take, the system uses hints, prompts, and elaborations. If the student provides a blatantly incorrect answer, the tutor can provide a splice to get the correct information “on the table”. After a topic has been sufficiently covered, the tutor provides a summary of the complete answer, and moves on to the next topic.  As evaluations of AutoTutor have demonstrated, tutoring with these dialog moves and an approximate understanding of student responses is sufficient to significantly increase student learning (Graesser, Person, Harter, et al., 2001; Graesser, Wiemer-Hastings, et al., 1999; Wiemer-Hastings, Graesser, Harter, et al., 1998).

An innovative feature of RMT is that it will embed the tutoring session in a more authentic task setting, with the tutor assuming the role of a research mentor and the student assuming the role of a paid (in virtual dollars) research assistant.  The student will solve problems under the guidance of the supervisor, and the supervisor will also evaluate the student’s performance to determine the rate of pay.  Although this fundamentally changes the nature of the task for the student, in terms of implementation the dialog moves are very similar to those of a traditional tutoring session.  We plan to implement both a “traditional tutor” version of RMT and a “research mentor” version to evaluate the usefulness of this approach.

We have implemented a prototype of RMT and are currently developing instructional content for five topics: research ethics, experimental versus correlational research, variables, reliability, and validity.  We plan to empirically evaluate RMT’s usability in the fall of 2003.   In 2004 we plan to make the system available to research methods students at DePaul and experimentally evaluate the effectiveness of the system as a whole as well two specific features of RMT:  the use of an animated avatar to represent the tutor (compared to a text-only interface), and the use of an authentic task setting (compared to a traditional tutoring setting).  We will randomly assign student volunteers to one of the four conditions defined by crossing these two factors, or to a fifth (control) condition  in which a web-based review system delivers the same material as the RMT system with a page-bypage presentation, and asks multiple choice questions at the end of each section.  Students will be asked to use the system weekly throughout the quarter, and learning will be evaluated through pre- and post-tests as well as course and exam grades.  

If RMT proves successful, it will be integrated into DePaul’s psychology research methods courses.  We also hope to learn more about which factors contribute to the usefulness of such a tutoring system, and in particular, whether a “learning by doing” approach can provide additional benefits for student learning.
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