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Background / Context:

Description of prior research and its intellectual context.

Recent studies have shown that U.S. students lag behind students in other developed countries in
math and science (eg., Glod, 2007). Because one-on-one tutoring has proven to be a highly
effective form of instruction (e.g., Bloom, 1984; Cohen, Kulik, & Kulik, 1982; Corbett, 2001),
many educators and education policy makers have looked to intelligent tutoring systems (ITSs)
as a means of providing cost-effective, individualized instruction to students that can improve
their conceptual understanding of, and problem-solving skills in, math and science. However,
even though many ITSs have been shown to be effective, they are still not as effective as human
tutors (Corbett et al., 1999).

The goal of the Rimac Project is to take a step towards meeting President Obama’s
challenge to produce “learning software as effective as a personal tutor” (Obama, 2009, included
in Hamblin, 2009). We are doing this by building an enhanced version of a natural-language
dialogue system that engages students in deep-reasoning, reflective dialogues after they solve
quantitative problems in Andes, an intelligent tutoring system for physics (VanLehn et al.,
2005)." Enhancements to this system focus on addressing a key limitation of natural-language
(NL) tutoring systems: although these systems are “interactive” in the sense that they try to elicit
explanations from students instead of lecturing to them, automated tutors do not align their
dialogue turns with those of the student to the same degree, and in the same ways, that human
tutors do. In particular, automated tutors often fail to reuse parts of the student’s dialogue turns
in their own turns, to adjust the level of abstraction that the student is working from when the
student is over-generalizing or missing important distinctions between concepts, and to abstract
or further specify correct student input when doing so might enhance the student’s
understanding. The importance of “interactivity” or “verbal alignment” is supported by language
processing theory (e.g., Pickering and Garrod’s Interactive Alignment model; Pickering &
Garrod, 2004), this research team’s prior work demonstrating a positive relationship between
abstraction/specialization relations during instructional dialogue and learning (e.g., Ward &
Litman, 2008; Ward et al., 2009), and related work on classroom discourse (e.g., Michaels et al.,
2008).

Purpose / Objective / Research Question / Focus of Study:

Description of the focus of the research.

The natural-language tutorial dialogue system that we are developing will allow us to focus on
the nature of interactivity during tutoring as a malleable factor. Specifically, it will serve as a
research platform for studies that manipulate the frequency and types of verbal alignment
processes that take place during tutoring, such as abstraction and specification, and thereby
enable us to test our prediction that the benefits of “interactivity” hinge on the nature, frequency,

T Rimac is the name of a river whose source is in the Andes. Its name is derived from the Quechua word, rimac,
which means “talking;” hence the nickname for the Rimac: “talking river.” We thus considered Rimac to be well-
suited to a dialogue system embedded in the Andes tutoring system.
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and appropriateness of its occurrence. The purpose of this poster is to introduce the Rimac
project and system to the education research community. We have started the first year of a
three-year IES development project.

Setting:

Description of the research location.

The University of Pittsburgh, a Pennsylvania-state related university, and several Pittsburgh
urban and suburban high schools.

Population / Participants / Subjects:
Description of the participants in the study: who, how many, key features or characteristics.

The subject pool for these trials will be students enrolled in a first-year physics course at the
University of Pittsburgh (Pitt), and high school students taking physics in several Pittsburgh
urban and suburban schools. High school students are the target population for a pilot study in
the final year of this project. Pitt students who achieved a B or better in a high school physics
course will be recruited for field testing prior to that (i.e., during the system development phase).

Four physics teachers will be using the tutoring system during a pilot test of our dialogue-
enhanced version of Andes that will take place during the third (final) year of the project. We
are targeting the college-bound or “scholars” track of physics students in these schools—that is,
the middle tier of students, not those in remedial or advanced placement math and science
courses. We anticipate a sample size of 100 students, across the physics classes taught by
participating high school teachers.

Intervention / Program / Practice:
Description of the intervention, program or practice, including details of administration and duration.

The intervention is the Andes physics tutoring system (e.g., VanLehn et al., 2005), enhanced to
include the natural-language dialogue system that engages students in deep-reasoning
conversations that we are developing, Rimac. A screen image of the Andes user interface is
shown in Figure 1 (Appendix B). Andes was designed to be used as a “homework helper.” It
provides students with a graphical interface, immediate color-coded feedback on the student’s
vector diagrams and equations, and an online coach that can provide help on demand.

The reflective dialogues that we are developing are designed to address a limitation of the
current (non-dialogue) version of Andes. Although students who used Andes as a “homework
helper” in physics courses at the U.S. Naval Academy outperformed students in traditional (non-
Andes) sections on tests of quantitative problem-solving skill (VanLehn et al., 2005), no such
differences have been observed for conceptual knowledge and qualitative problem-solving
ability. In addition, instructors who use Andes in their course frequently complain that the tutor
needs to do a better job with this important, qualitative/conceptual aspect of physics instruction.

The particular intervention that we are developing and pilot testing is a set of natural-
language, “reflective dialogues” that students will engage in after they solve problems in Andes.
These dialogues are designed to present deep-reasoning questions about physics (Craig, Driscoll,
& Gholson, 2006)—questions that invite students to think about the physics concepts and
principles that are associated with just-solved problems. A sample reflective dialogue is shown
in Figure 2, Appendix B. Our prior work with incorporating reflective dialogues in tutoring
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systems (in physics and other domains) yielded mixed results. For example, several studies
demonstrated that college students who used an initial reflective dialogue-enhanced version of
Andes significantly outperformed a no-dialogue (standard Andes) control group on an
experimenter-designed test of conceptual knowledge. However, no significant differences
between groups have been observed on a standard measure of conceptual knowledge and
qualitative problem-solving ability in physics, similar to the Force Concept Inventory (Hestenes,
Wells, & Swackhamer, 1992). Furthermore, comparisons of students who used our previous
dialogue-enhanced version of Andes with students who used the standard version have failed to
demonstrate transfer of conceptual knowledge to quantitative problem-solving ability (e.g.,
Connelly & Katz, 2009; Katz, Connelly, & Wilson, 2007). In short, we recognized the need for
improvement in the reflective dialogue intervention that we added to Andes.

Our main approach to improving these reflective dialogues is to design them to align the
conversational turns of the automated tutor with those of the student, in similar ways that we and
other researchers have observed human tutors to do. For example, the automated tutor will
further specify, or abstract over the student’s dialogue turns—a form of interactivity that we have
found to predict learning (e.g., Ward & Litman, 2008; Ward et al., 2009). One of our main
challenges is to specify decision rules that can guide this automated abstraction/specialization
process. These rules are being derived from analyses of live student-tutor reflective dialogues,
and participating teachers’ feedback on Rimac’s performance, throughout several cycles of
system development and field testing.

Although the standard, no-dialogue version of Andes has been used for several years in
college-level physics courses, it has only recently been used in a few high school physics classes.
Our project will test the feasibility of implementing Andes, enhanced with natural-language
reflective dialogues, at the high school level, and pilot test the system to determine if students
who use Andes+Rimac outperform students who use the standard version of Andes on
conceptual and quantitative problem-solving measures. Pilot testing of the tutoring system will
take place during 3-4 weeks of instruction on selected topics, in participating high school physics
classes.

Andes is freeware, available online or as a standalone version that can be downloaded
from http://www.andestutor.org/. Hence, if future efficacy trials of the enhanced, natural-
language dialogue version of Andes that we are developing (Rimac) verify that this version of
the system is more effective than the standard, no-dialogue version of Andes, the software would
be readily available to high school teachers and students.

Research Design:
Description of research design (e.g., qualitative case study, quasi-experimental design, secondary analysis, analytic
essay, randomized field trial).

Randomized field trials. We will have two conditions, intervention and control. Randomization
will take place within each teacher’s class.

Data Collection and Analysis:
Description of the methods for collecting and analyzing data.

The first two years of this project will be spent developing Rimac in close collaboration with

high school physics teachers, in order to develop a robust set of reflective dialogues that are
suitable for school students. In the final year of the project, we will pilot test Rimac in order to
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address the following questions: (1) do students who use the enhanced reflective dialogue
version of Andes show greater gains from pretest to posttest than a control group of students who
use the standard, no-dialogue version of this system, (2) for what types of knowledge do we find
any observable differences in gain scores—that is, conceptual knowledge, and/or problem-
solving ability?, and (3) do students who use the enhanced intervention have an easier time
solving Andes problems than students who use the current version of Andes without dialogue?
Students in high school physics classes taught by four participating teachers, in three
Pittsburgh-area schools, will be randomly assigned to one of the two conditions. We will
analyze the aggregated data (across schools and classes), and look for interaction effects. Two
types of data will be collected: students’ test scores—both from their physics course, and from
tests that we administer; and system logs. Pre- and posttests will be designed to measure
conceptual understanding of physics, qualitative and quantitative problem-solving ability. Since
one of the main limitations of previous versions of our reflective dialogue system is that students
did not show significant learning gains on a standard measure of conceptual understanding that is
similar to the Force Concept Inventory (Hestenes et al. 1992), we will use a similar measure,
adapted to the problems covered in the prototype system. At this stage of research, we will
simply compare the average gain scores of each condition overall (i.e., on qualitative and
quantitative questions), and with respect to questions that address different types of knowledge.
In order to address the third question, regarding differences in students’ level of difficulty
in solving various types of problems, we will examine the log files that Andes records as
students are working on a problem. Specific measures of “difficulty level” obtainable from these
logs include the following: counts of how many times students asked for help while solving each
problem, how many errors they made, and how many steps they took to solve each problem. We
are especially interested in using these measures to compare students across conditions with
respect to rotational motion problems since this topic can provide some indication of the
intervention’s potential to support transfer (in this case, from linear motion to rotational motion).

Findings / Results:
Description of the main findings with specific details.

Since this study is in an early stage, we do not yet have findings and conclusions to report. The
proposed poster will describe the project goals, illustrate Rimac with sample reflective dialogues,

and describe the “decision rules” guiding automated abstraction and specification of student
input that we derive from human tutorial dialogues, and teachers’ feedback on the system.

Conclusions:
Description of conclusions, recommendations, and limitations based on findings.

> Not applicable (yet).
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Awoman pulls a suitcase with a strap which makes an angle Time TO: pulling starts

of 37.0 deg with the horizontal. The suitcase has a mass Time T1: pulling ends .

of 15.0 kg, and has wheels onitso thatit can be considered 56 bo s enfiess

to m ove withoutfriction. If the tensionin the strap is 80.0 N, LetFtbe the tension force on s from TO to T1

whatwork is done on the suitcase by the strap when itis Let d be the displacementof s from TO to T1
= displaced 2.50 m horizontally? Let Whe the work done on s from TO to T1
d=25m
Answer:
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instead. *
Explain more

Undefined variable £

Explain more

You used d, which is the
MAGNITUDE of the
displacement of s between
TO and T1. Is that what you
intended?

Explain more

What equation do you wish
to write?

Undefined variable W_y

Explain more

Undefined variable W_y

Explain more

What equation do you wish
to write?

Equations of that type
appear within the problem
solution. You should write
the equation in the form W
=F dcos(8) or W = Fy dy
+ Fy dy using your own

variables.

Explain more
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Figure 1: Andes user interface
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Andes Problem: A woman pulls a suitcase with a strap which makes an angle of
37.0 deg with the horizontal. The suitcase has a mass of 15.0 kg, and has wheels
on it so that it can be considered to move without friction. If the tension in the
strap is 80.0 N, what work is done on the suitcase by the strap when it is displaced
2.50 m horizontally?

Reflection Question: Suppose that the suitcase has no wheels, and is instead
subject to a frictional force as it slides across the floor. If everything else were the
same, how would the work done by the strap on the suitcase change?

Reflective Dialogue

1. Tutor-1: What quantities do you need to calculate work?

2. Student-1: force, displacement

3. Tutor-2: Unless you know both the force and displacement vectors, you also
need the angle between the force and the displacement to calculate work.

4. Tutor-3: In short, to calculate work you need the force vector and the

displacement vector or, alternatively, the magnitude of the force, the

magnitude of the displacement, and the angle between the force and the

displacement. What type of force does the strap exert on the suitcase?

Student-2: tension

6. Tutor-4: Good. Does the tension force have a component in the direction of
the suitcase’s displacement?...

W

Figure 2. Excerpt of a Sample Reflective Dialogue in Andes
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