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We are creating an open-access website
for middle-school mathematics (grades
6-8) where students can work on problem-
solving activities while being guided by
artificially-intelligent software tutors.

http://webmathtutor.org

Motivation

Students who want to spend time outside of school solidifying
and extending the mathematics that was learned in school may
have difficulty finding effective learning activities. After-school
tutoring services are available only on a limited basis and are
often not as good as would be ideal. Professional tutoring
services are costly. Of the many web sites available for math
instruction, few are free and offer rich problems with guided
learning by doing.

Objective

We are addressing this problem by developing a web site for
middle-school mathematics (grades 6-8) where students can
work with artificially-intelligent software called ‘Cognitive
Tutors.” These types of tutors have been shown to improve the
math achievement levels of high-school students over more

typical mathematics courses. The web site will be freely available

for students and teachers. We foresee that it will be useful in

after-school programs, homework, classroom exercises, libraries,

etc.

Implementation

As we develop the site with the help of experienced teachers and

math coaches, we draw heavily from a set of existing Cognitive
Tutor middle-school math courses for the 6t", 7t, and 8t" grade.
We also leverage recent advances in tutoring technology
developed in our research group, a suite of authoring tools
(CTAT) that make it possible to develop computer-based tutors

without requiring advanced programming skills. To make the site

maximally effective, we follow a recommendation of many

educational researchers, as well as the NCTM standards, namely,

that students learn best when they are exposed to multiple
strategies for solving math problems.

Success Criteria

We will develop and improve the web site in an iterative
manner, improving it each academic year, based on the
experience in the previous year. At the end of the grant period,
all content will have been piloted in after-school programs,
demonstrating the web site’s feasibility. The main measures of
accomplishment will be successful use of the site by students, as
measured by time spent on the site, problems completed, and
declining error rates while solving problems on the site, and

teachers, as measured by the amount of use of the teacher tools
on the site.
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We're looking for forward thinking
teachers who want to be early adopters
of Mathtutor

2 Try a tutor for decimal addition or proportional reasoning.

With Mathtutor, middle school students learn math by doing: they solve challenging
math problems and study interactive examples. Intelligent software tutors give step-
by-step help and feedback.

. . . e Teacher Support
Teachers can create class lists, assign work to an entire class or an individual student, PP

. This tool is a great aid in differentiating
and view reports of student progress. instruction towards individual students. It is
closely aligned to state and national standards,

Mathtutor is free to use for any student or teacher. and students find It fun to use.
The math content aligns with state and national standards and is categorized so that
users can look for content by standard. Over the next two years, we will gradually add

content covering the following strands:
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Initial Use of Site

The first version of the site, with all key functionality, is live and
has been used in a research study, reaching

*390 students—280 fifth grade, 110 sixth grade—in
*16 classes—11 fifth grade, 5 sixth grade—at
*3 schools.

Each student, on average, spent 7 hours on the site and
completed 70.5 problems.

We are currently recruiting schools to be pilot sites in the fall of
2009. About 12 schools have expressed interest in becoming
pilot sites.

Cognitive Tutor Authoring Tools (CTAT)

The tutors on the Mathtutor site are example tracing tutors
implemented with the Cognitive Tutor Authoring Tools. These

tutors share many of the essential behaviors of Cognitive Tutors,

but are easier to build. They utilize specific examples of problem
solving behaviors to provide tutoring, rather than a rule-based
cognitive model of problem solving. CTAT has been used
extensively and the accumulated experience indicates that
building example tracing tutors with CTAT is significantly less
costly and time-consuming than building regular Cognitive
Tutors. For more information, see http://ctat.pact.cs.cmu.edu
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You're planting a vegetable garden in your backyard. Last year, you had 3
tomato plants, which produced a total of 20 tomatoes. If you have 27 tomato
plants this year, how manytomatoes should you expect your plants to

~] Work £ Roster |# Reports £-; Settings

| Assignment § | | FractionStudyTestAl{(05/17/20( | Sort by Stude ¥ produce?
Scaling Scaling :
LaSt Operation Factor Thls
Student Progress Avg Time Correct % Hints%  Errors % Year . Year
100% 00:00:23 62% 0% 38% M
0% 00:00:00 0% 0% 0% Plants
70% 00:00:12 66% 0% 34%, - = -
100% 00:00:08  67% 0% 33% Tomatoes
100% 00:00:1% 80% 0% 20% \, v /
0% 00:00:00 0% 0% 0%
X X X X You should expect your plants to produce
100% 00:00:11 S50% 0% S50%
0% 00:00:00 0% 0% 0% tomatoes this year.
100% 00:00:14 51% 0% 49%,
Done
0% 00:00:00 0% 0% 0% 5
0% 00:00:00 0% 0% 0%

Hint: Choose an operation from the drop-down menu that will help
you solve the problem.
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An example tutor for proportional
reasoning. All tutors on the Mathtutor site
provide step-by-step hints and feedback.

Teachers can view reports detailing progress of a class of
students through the assigned problem sets.*
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~| Work |8 Reports £, Settings
Problem Set Progress Avg Time Correct % Hints % Errors %
FractionStudyTestAl 100% 00:00:52 78% 0% 22%
FractionStudyIntroduction_Segl 100% 00:01:41 95% 1% 4%
FractionStudyUnitlSectl _C1_Seql 100% 00:01:05  80% 1% 19% §100 $10 $1 dﬁf,'mf' $0.10 $0.01
FractionStudyUnitlSect2_C1_Segl 100% 00:00:56 77% 0% 23% regrouping ro
FractionStudyUnit2Sectl _C1_Segl 100% 00:03:15 81% 0% 19%
FractionStudyTestB1 100% 00:00:24 62% 0% 38%
FractionStudyTestB1 100% 00:00:17  69% 0% 31% -
Done

Hint: Now you need to add the numbers in the dimes column. You
are adding 0 dimes to 7 dimes, or 0 + 7. Enter the sum in the [
highlighted answer field. v
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An example tutor for decimal addition and
subtraction.

Teachers can also view reports detailing the progress of each
student individually.*
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| ME3. Concepts of Probability
| ME4. Inferences, Predictions, Conclusions

- Grades
| Grade Level 3 || PA Reporting Category
¥ 6th Grade
Description Actio [17th Grade
6.05 Fractions, Decimals, and Percents 1 » 8th Grade
6.06 Decimal Place Value 1 B Anchors
6.07 Decimal Addition and Subtraction I B 1 MA1. Numbers, Representations, Relationships
P ——— , "1 MA2. Operations, Meanings, Relationships
: ' e > W MA3. Computation and Estimation
6.09 Decimal Addition and Subtraction 11 5y "1 MB1. Attributes and Units
6.14 D "1 MB2. Tools and Formulas
3 ecimal Division 5 p—s
| MC1. Shapes and Relationships
6.15 Common Multiples B 1 MC2. Transformations and Symmetry
6.21 Fractions, Decimals, and Percents 1l B ’: MC3. Coordinate Plane
"1 MD1. Patterns, Relationships, Functions
6.24 Ratlos 1 » 1 MD2. Represent Situations
6.25 Greatest Common Factor B ': MD3. Analyze Change
) ' i "1 MD4. Models for Quatitative Relationships
S:&F FBCH0TS Bnck Scolling B 1 ME1. Organize, Display, Interpret
6.28 Proportions B "1 MEZ2. Select Statistical Methods

Content developers index problem sets
under applicable state standards (e.g.,
the Pennsylvania Assessment Anchors).

The problem sets available on the site will comprehensively cover
mathematics for grades 6 through 8.

* Pseudonyms obscured to protect subjects’ anonymity.
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