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THE MATH TOOLS PROJECT collection track

The use of handheld devices and computers in schools is becoming widespread and of
growing affordability. Its educational power lies in supporting topics previously
difficult to approach and in developing conceptual understanding through
visualization, manipulation and exploration, while minimizing the demands of
calculations.

The Math Tools project will create a digital library of mathematical software critical to
the learning of school mathematics, including software for handheld devices, small
interactive web-based tools such as applets, and other computer software. Beginning
with knowledge of major software collections, a library will be rapidly amassed that
features the most promising material. The library will continue to grow as critical mass
and publicity attract submissions, along with the results of strategies for generating
content from user interactions. The benefits of these technologies will be promoted by
capitalizing on the Math Forum’s large and active community. In collaboration with
SRI, Key Curriculum Press, Texas Instruments, Shodor Foundation, and Utah State’s
NLVM team, this project will:

Ø catalog the math tools so that teachers, students and other users can easily find
which ones fit their needs;

Ø present the tools using content strand portals for grades K-7 and course subject
portals for grades 8-Calculus;

Ø provide mechanisms to help teachers and students learn to utilize the technology
through such means as integration into the Forum’s Problems of the Week,
facilitated discussions groups, and manufacturer assistance;

Ø develop communities of users helping each other;
Ø construct a library of reviewed and relevant math education research on

technology in learning mathematics;
Ø strive to get teachers and software developers working together for the

production of better tools through such means as summer workshops and online
activities.

This project will meet the need for a broad library of reviewed technology tools,
augmented to include education research articles on this topic. It will also offer much
needed support for teacher use of math tools, feedback for developers producing
software meeting teacher needs, and fruitful interaction for researchers of educational
technology. The activities of the project will aim for a largely self-sustaining user base
by attracting a variety of users, including them in the formation of the community, and
providing a wide-range of opportunities for involvement.
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Results  From Prior Support

The Math Forum, REC-9618223, $971,300, March 1999 to February 29, 2000

The Math Forum is arguably the most widely used math education site on the Internet
(search for “math” on Google.) It began in January of 1996 as a proof-of-concept grant
from the NSF to extend the work of the Geometry Forum into other areas of
mathematics and to investigate the viability of a virtual center for mathematics
education on the Internet. The Math Forum has developed a vast Web site [1] of over
925,035 learning resources and it receives over 650,000 visitors a month, with mentored
user services such as Ask Dr. Math, for students of all ages, Problems of the Week
services for grades 3-12, and Teacher2Teacher for discussions of pedagogy.

The Math Forum’s home page allows browsing and searching the Internet Mathematics
Library of over 8600 annotated entries of hand-selected resources. The cataloguing
features are based on American Mathematical Society categories, and are enhanced by
recommendations of the American Mathematics Metadata Task Force [2].

The Math Forum provides many ways for people to interact with one another, with
different points of access for people of varied strengths, needs, and interests.
Community building is an important part of Forum activities and has formed the basis
of much of the content development on the site. The Math Forum represents a vision
about the possibilities for an Internet community that extends the collegiality found in
schools, classrooms, or the workplace. Evaluation of the Forum is used in program
design, development, and facilitation, and provides an assessment of impact.

Publications:
Virtual communities [3, 4, 5], Problems of the Week [6, 7], geometry interactions [8]



3

Other Related Work

The goals of the JOMA Applet Project, DLI-2 Award Number 9980185, were to 1) search
the Web an other resources to locate and collect applets and similar programs
developed by the mathematics research and teaching communities, 2) review and test
these systematically, and 3) to make them easily accessible to undergraduate faculty
and students. JOMA, the Journal of Online Mathematics and its Applications, is published
by the Mathematical Association of America. This project was the basis for MathDL an
undergraduate-level digital library, NSDL Award Number 0085861, a joint project
between the MAA and the Math Forum, which is developing the technical
infrastructure.

These projects have given us considerable experience constructing libraries and
supporting technologies, such as metadata for the NSF digital library initiative. In
addition, numerous Forum staff members have contributed to NSDL activities,
meetings and working groups. The Math Forum was a founding member of the SMETE
Open Federation [9], the largest identifiable user base for the National STEM Education
Digital Library.

ESCOT (Educational Software Components of Tomorrow), REC Award Number
9804930, was a testbed for the integration of innovative technology in middle school
mathematics [10]. The Math Forum, working with SRI and other partners, hosted
summer workshops for teachers and developers that produced math tools for
integration into our Problems of the Week. Math Forum evaluators studied the effect of
these POWs on student learning [11].

The Math Forum Online Mentoring Project, DUE Award Number 0127516, is
developing a guide to enable professors to integrate online mentoring experiences into
their mathematics and mathematics education courses. Pre-service teachers in these
courses mentor students submitting their solutions to the Math Forum's Problems of the
Week. We expect to use the results of this project to train mentors for the Technology
Problem of the Week (tPOWs) in the proposed project.

Need for Work

This is a crucial moment to begin this project. Technology tools should be playing an important
role in student learning in mathematics [12 , 13, 14, 15, 16, 17]. Developing these tools is a
growth area, with many new tools on the way (see below), yet it’s difficult for teachers to find
what they need, to know if it’s any good, to coordinate across technologies and platforms, and to
learn how to teach with it [18, 19, 20]. Through the Math Tools Project, the Math Forum and its
partners will develop a digital library community where K-Calculus teachers and tool developers
can begin to address these problems.

It is a time of great vigor and diversity in the production of technological tools for
teaching mathematics. The landscape for computers has expanded from math education



4

software titles to small, interactive, web-based computer programs written in
JavaScript, Java, and Flash, hereafter referred to collectively as mathlets. Similarly, while
graphing calculators continue to improve in power and scope, many other handheld
devices are poised to follow their lead, be they personal digital assistants (PDAs) such
as Palm Pilot and Visor [21, 22, 23] or WIN CE products manufactured by Toshiba,
Casio, Sharp, and Brainium [24]. The burgeoning industry of technological tools poses
many opportunities—and many decisions—for math students, teachers, administrators,
and parents.

The Math Tools Project will address problems faced by teachers utilizing mathematics
teaching tools, by the students who use them, by the programmers who develop them,
by the parents who would support their children, and by school administrators who
must make choices.

1. No "smart" repository of technology tools exists.
Tools are hard to find because they are scattered across isolated repositories. Even when
they do locate them, teachers often face prohibitive software licensing or professional
training.

2. It's not easy to gauge the quality of a technology tool.
Existing digital libraries with mathematics content target colleges and universities,
where the incentive of academic references drives publication and peer review. This,
coupled with high standards, has mostly resulted in small collections of high quality
material for post-secondary education [25]. Tools for pre-college classrooms do not
enjoy such attention and, consequently, lack reliable reviews, user comments, and
ratings.

3. It’s hard to identify appropriate tools for classroom implementation.
Because teachers fail to find tools, it is difficult to compare their pedagogical value, fit to
curriculum, and ease of use.

4. Technical problems abound for teachers, students, and developers alike.
The multiplicity of software tools and technology platforms available presents a
cacophonous barrier to both the primary and secondary teaching communities. Further,
there is no process for integrating one tool collection with another, or integrating access
across tool collections. Some leaders are calling for networked handheld devices instead
of computers for schools [26] creating new challenges for teachers and administrators.

5. Poor feedback mechanisms between the developers who produce tools and the teachers
who need and implement them are the norm, not the exception.
When left to their own devices, professional developers can produce tools unsuitable
for student learning. Our own experience [27, 11] and that of others strongly indicate
that developers benefit greatly when teachers contribute to the design process from the
outset [28, 29].

6. The research literature that might guide developers and teachers is not easy to find or
search.
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While much is being written about the use of new technology tools and the impacts
they have on student learning, there is no convenient single resource available to
teachers and developers

7. Technology tool users often lack experienced colleagues to help them expand their
horizons.
From individuals to school systems, would-be purchasers do not have a comprehensive
collection to visit to obtain some perspective of their choices of hardware or software.
For example, while graphing calculators are now programmable and good material
exists (see, e.g., [30] for hundreds of programs), usage usually remains limited to the
programs that arrive on the device. Teachers need a pedagogical framework to think of
the value of graphing calculators [31], as they do with the learning tool nature of the
machine.

Step 1: Creating the Repository—Collecting and Reviewing Tools

Collecting Tools:
Our goal is to collect and review all the important high quality technology tools used in
mathematics education, K - Calculus: software for graphing calculators, PDAs such as
Palm Pilots, and other handhelds; small computer programs (“mathlets”); medium
sized packages (Geometer's Sketchpad, etc.); and very large “computer algebra
systems” (Maple, Mathematica, etc.). (Some of the medium and large programs now
make it possible to construct easier to use project-oriented “sketches” or “notebooks,”
further enriching the situation.) Our strategy is to first incorporate large collections
where quality tools exist, collaborate with manufacturers for “emerging technologies”
to learn of new developments, and work with a publisher to make sure we cover the
major commercial products. In this fashion we will rapidly build up a sufficiently large
collection of reviewed tools to draw teachers to the site (see Step 2: Driving Use for a
discussion of how we will attract users). We will also engage the developer community
(ibid) by addressing technical barriers. Then, as teachers nominate their favorite tools,
and developers learn from each other and become aware of the opportunities for ideas
and teacher collaboration furnished by the community, their interactions will help
expand and enrich the collection.

Texas Instrument has by far the largest collection [32] of material available for
programmable calculators. As mentioned earlier, Palm Pilot, Visor and WIN CE
products are bursting onto the scene. One of our partners, SRI, will help us track these
newer platforms as tools develop for them (further discussed in the Sustainability
section).

If you know where to look, there are many mathlets on the Web. Two of our partners
are highly regarded for the quality of their applet production, the Shodor Foundation
[33] and Utah State’s National Library of Virtual Manipulatives [34]. Each has a
collection of around 100 tools. The Math Forum also has at least 500 other appropriate
tools that students have collected, tested, and screened as part of the JOMA project.
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The Shodor Foundation in making their collection available to us will develop resources
to help existing high-quality collections expose their metadata and become accessible to
the many users of NSDL. More particularly, they will develop a community object
toolset that will enable collections to expose their existing materials to the digital
libraries while facilitating the building of new tools.  This is going beyond merely
tagging existing applets but would be tested by accomplishing this. See their
subcontract for more information.

We will collect and review regular commercial computer programs larger than
mathlets, and will work with Key Curriculum Press to assure that we develop a
solution appropriate for software publishers and that we include all the major
programs.

It should be noted that by “collecting” we will in general have only a link to the actual
tool. When possible we will house the actual tool itself (even the source code) since this
avoids unexpected changes in the tool or link.

Reviewing—Assuring quality in the collection:
We will find tools that hold pedagogical promise, function well on at least some
common platforms, and provide correct results. We will work early on with teachers,
students, online library staff, and developers to refine that informal definition of quality
as usage, feedback, and review instruct us (see our descriptions of the JOMA and
ESCOT projects, above). Existing quality standards by digital libraries such as
Eisenhower National Clearinghouse, Merlot, iLumina, and JOMA will be carefully
considered.

As we have done with the Internet Mathematics Library and are formalizing in the
Online Mentoring Project, we will train and oversee knowledgeable persons to review
the math tools. This approach appears to be much faster than the review process
currently in use by other digital libraries, and has resulted in our large and trusted
collection. We will invite applications from contacts we already have – Math Forum
visitors and associates, Texas Instrument’s T^3 instructors, and College Board
workshops for 400 AP teachers.  We will also look for interested reviewers through
NCTM and other journals and through websites. Reviewers will comment on expected
pedagogical value, usability and technical issues, accuracy and insight for chosen math
content, and platforms for which the tool works. Reviewers will also give tools an
overall rating. Users will be able to rate tools in the style of Amazon.com book reviews.

Public review and discussion will also include: implementation experience and advice,
effectiveness for given purpose and context, pointers to related resources and research,
etc.  Each tool will have its own discussion area and bug report list. When users report
that a tool doesn’t run on their platform, we will corroborate the report and supplement
the review accordingly. Discussions will give teachers and developers a place to
converse about pedagogical uses and potential improvements.

Literature Reviews:
George Reese of University of Illinois Urbana-Champagne (see attached CV) will
coordinate reviewing the literature of research on the use of technology in math
education. He (and others as the project evolves) will give articles brief capsule reviews
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and ratings, paying particular attention to their relevance to teachers and developers.
They will also nominate articles to feature in the public discussions, advertise them on
the site in the style of slashdot.org, and facilitate the ensuing conversation, with a
special eye toward helping teachers participate profitably in the discourse.

Building a Web Site to Get People to the Right Tools

Design Principles: The web site will be designed so that users can rapidly and
conveniently get to the math tools that interest them. For example, users will be able to
restrict their viewing to appropriate platforms.

Based on our previous digital library activities (see Result of Previous Work, above) and
on what we have learned from the work of others, we will

ß design simple pages that load fast, without clutter
ß elicit and act on user feedback and evaluation
ß use graphics judiciously, such as to provide a thumbnail image of a math tool screen

(as seen for example in the venerable Educational Object Economy Library [35]).

Special Pages: The site's home page will highlight a few items of general interest, such
as our monthly education article discussion, discussions of general interest taking place
elsewhere on the site, and occasions for groups to work together (e.g. teachers and
developers or teachers developing lesson plans on a particular topic). There will also be
links to more specialized entry points for browsing.

The main entry points to the Math Tools digital library for teachers will be via pages
corresponding to typical K–Calculus courses, and by content strand for the earlier
years:

Elementary Math (content strand portal)
Number and Operations, Geometry, Data and Probability, Patterns and
Relationships (Algebra), Measurement.

High School Math (typical course names)
Algebra 1, Geometry, Algebra 2, Trig/Pre-Calculus, Calculus, Prob and Stat,
Discrete Math, AP Calculus, AP Prob and Stat

Developers will have an entry point to take them directly to information about
programming for various platforms, sharable software development tools, and review
comments from teachers about the effectiveness of the tools.

The entry point for students will provide links to resources such as Ask Dr. Math, tools
related to material they are studying, and discussions. The parent’s entry point will also
contain discussion groups concerned with the meaning of technology changes in
mathematics education, and one about special problems of homeschoolers.
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Math Forum Services: The proposed software library will integrate with activities
elsewhere on the Math Forum site, resulting in a rapid influx of users.

tPOWs: Simply having wonderful tools available will not be enough to help many
teachers who are unfamiliar with their pedagogic use. We will embed them in a context
where their use is natural, valuable, and effortless: into our own suite of Problems of the
Week, as Technology Problems of the Week (tPOWs), where technology plays a useful role.
This proved to be a successful approach with the ESCOT project (see above). We will
recruit a group of “t-problemists” as we search for facilitators, reviewers, and other
ways for users to be involved with the project. The problemists will be trained,
supervised, and directed by our Problem of the Week personnel.

The Shodor Foundation will participate in the proposed problem of the week activities
(see subcontract).  They have a good start on these with a number of open-ended
problems and they develop problems that don’t simply have “an answer” but require
the students to make and defend observations about the nature of patterns and
phenomena.

Our summer workshops (see below) will begin with teachers finding good candidates
for tPOWs and continue as the teachers collaborate with developers to produce or
modify tools to fit the needs of the problem. Their collaboration will drive adaptation
and innovation: once we have a tPOW for one platform, if a similar tool exists on
another platform, the problem can be simply reused with the new platform (we will
identify for programmer attention those platforms lacking an appropriate tool). Not
only will our tPOWs be reusable across platforms, some of the more general purpose
and powerful programs will be reusable as well, and be suitable in many tPOWS.
(Reusability is considered a very powerful idea in the CS world [36, 37, 38, 39, 40, 41]
and we expect its application here to help make the tPOW concept viable).

We will build up a database of good problems for which a technology tool would be a
valuable or even necessary asset, thereby putting the horse before the cart. The database
will be constructed from t-problemist ideas, summer workshops, and general
submissions. This database will show developers pedagogically important areas in need
of new tools, and thereby stimulate their creation. Our developer areas will contain
relevant lists of specifications for these tools.

Search Engine: The Math Forum will build on the experience we have had configuring
and refining our site search which identifies common searches and starting points, as
well as common spelling errors (it is especially good at spelling Pythagoris). We expect
to participate in the NSDL drive toward federated searching, so that our materials will
be visible from other sites.

This project will also benefit from our other research on enhancing user navigation, and
we are studying user ability to learn from archived resources with strategies that
combine functions such as user tracking and registration, case-based reasoning,
ontology development, etc. See Step 2, below.
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User Services

User Support: For each course and content strand, we will provide a facilitator who
helps users learn how to use the technology and the resources. Questions may be
addressed by the facilitator, other users, and, when appropriate, by the manufacturers
of handheld devices (with whom we are developing special arrangements; see the letter
of support from Texas Instruments). We will look to the pedagogical needs of users,
providing and facilitating discussion groups in line with the Math Forum’s
Teacher2Teacher project [42].

For further information on user involvement, using profiling for user support, and user
discussion support see Step 2.

Developer Support: In the burgeoning area of small tool development, we pointed out
above that one of the keys to building quality material is to connect software developers
to teachers. We have observed that at the college level, mathlet developers are quite
interested in working together and sharing information (browse through the
Developer's Area of JOMA [43]). For handheld programmers, we will work closely with
the manufacturers, who have an interest in seeing good material for their products. A
Test Area will host beta versions of tools for constructive comments on the technology
and pedagogy.

Two key software notions for efficiently and effectively developing software are
reusability and interoperability (see above). These should play an important role for our
tool developers, but since many have a background in teaching mathematics rather than
in computer science, they may lack an appreciation of these ideas. Jeremy Roschelle,
whose ESCOT project was in part devoted to these ideas [44], will work with
developers on these crucial concepts. In particular, he will customize the evaluation
framework for reuse and interoperability that he developed for the JOMA collection
[45] to the Math Tools Digital Library. He will also interview key contributors and users
about these issues, perform independent technical analysis, develop recommendations,
and report to our developer community. Exemplary tools will be highlighted for
developers. See the SRI subcontract.

We will work with the National Library of Virtual Manipulatives (hereafter NLVM) at
Utah State who have developed techniques to allow teachers to save applet states and
associate them with activities [46]. These features utilize a cross-browser XML-based
approach for which they will share source code, examples, and documentation.  We will
develop standards and provide general software tools so that other developers will be
able to include these features as part of their applets. Another goal is to provide
teachers with the ability to configure an applet in exactly the state desired for use in a
lesson plan or activity. See the subcontract for further information.

AP Courses: We will work with the College Board to make Advanced Placement course
areas particularly appropriate to the needs of the AP community. For, the method of
instruction and use of technology may be different in these courses than in other
courses [47]. Moreover, graphing calculators are now heavily tied into AP work, so our
AP consultant will also advise us on graphing calculators. AP Stat students are expected
to be familiar with computer output from software.
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Step 2: Driving Use

In order for the Math Tools site to become the center of an active, viable community,
people need to a) know about it, b) find what they want when they get there, c) believe
that the information they get is reliable, d) understand that the possibilities are rich, but
not too complicated, e) make it part of their work and regular activity, and f) feel
invested in its creation. The Math Forum has experience meeting these needs through
its own Web site. To accomplish these goals for the Math Tools site, we will implement
similar strategies as we have used before, but also develop new methods for engaging
users in better discussions and for more effectively understanding user activity and
preferences.

Attracting Users

Through the evaluation of the Math Forum project and work with other Web sites, we
have found that the following categories of people are common across sites.

First-time visitors:  Every Web site gets a stream of first-time visitors. They are
minimally involved, but have potential for becoming more involved if they find
what they want and find reasons to visit again.
Loyal readers/visitors:  A portion of first-time visitors will find the site useful or
interesting and will come back repeatedly for discussion or new content.
Contributors:  A portion of loyal readers will be interested in contributing their
thoughts and opinions, asking questions, and helping to develop new content or
tools.

To attract first-time visitors, and to provide material and services that will assist as
many people as possible to become loyal readers and contributors, we will:

• promote Math Tools on the Math Forum site and providing links wherever
appropriate.

• contact partners, collaborators, and supporters to mention Math Tools on their
mailing lists and Web sites.

• write press releases and articles in NCTM and other journals and newsletters.
• present demonstrations and discussions at regional NCTM conferences and other

venues.
• work with NCTM, ENC, PCMI and other colleagues who run workshops for

teachers to promote the use of Math Tools.
• make the benefits of increased participation visible and compelling.

Encouraging Discussions

Virtually all publicly-readable discussions have far more lurkers than posters.
Successful discussions have a culture of encouraging people to participate.
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Each course and content strand will have a facilitator to monitor all of the general
discussions and the tool-specific discussions. Through upgrades to current Math Forum
discussion software, the facilitators will have tools to highlight posts, flag time-sensitive
messages, delete spam and flames, and change threads. They will be given access to our
user database (see below) in order to respond and solicit participation more effectively.

Facilitators will use captivating quotes from discussions and articles, as is done on the
Slashdot.org programmer site. As the discussions and our user profiling develop, users
will be given the capability to annotate existing posts, mark them for easy revisitation,
and privately identify people they admire or wish to avoid. With Professor James Levin
of the University of Illinois, Urbana-Champagne serving as consultant (see attached
CV), we will pool their comments and do cluster analysis to obtain community
rankings.

Using User Profiling

To better meet the needs of our growing community, we will develop a user profiling
system that connects types of visitors to comments and ratings. We will also track users
with cookies to follow user movement through the site and time spent in various areas.
These tools will also aid the discussion facilitators in their goal of creating rich
discussions, and help us build profiles of individual users in order to customize their
pages. We hope to provide users with appropriate recommendations as a result of their
past use and interests. We would like to use friendly, inviting questions, such as “Have
you seen these items yet?” (and provide them with a list based upon past use) to help
them find new tools to use.

We will work with Shodor (see subcontract) to explore an “Amazon.com” model for
materials delivery that will provide feedback to users, perhaps in the form of “users
who liked this activity, also liked this other one.”  Together we will conduct
experiments with behavior tracking in the use of the tools to determine whether this
service improves library utilization.

Our privacy policy and use of student information will be based on our current policy
[48] which appears at the bottom of our POW pages. As we implement our user
database and gather information from site visits, and as custom and legislation dictate,
we will update the privacy policy accordingly.

Engaging Teachers and Developers in the Community

Teachers and lesson plans: The NLVM subcontract staff will continue to collaborate
with Mimi Recker of the Instructional Architect project at Utah State (NSF, DUE-
0085855) to bring to teachers the ability to insert math tools into web-based math lesson
plans. We will extend these tools and materials so that they are available and applicable
to all Math Tools. Teachers will be able to go to our site, find a math lesson, use and
evaluate it and give it a rating.  They will be able to modify it or create their own lesson
and save it in the library for use by other teachers and students.
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Summer Workshops for teachers and developers: Math Forum summer workshops and
institutes in the past have led to valuable collaborations, content development, and a
strengthening of the growing community. Each summer throughout the Math Tools
project, we will hold a workshop for 10-12 teachers and 3-5 developers, extending the
ideas of the workshops we held with the ESCOT project, which showed that such
design teams can play a crucial role in the construction of tools of high pedagogical
quality. The teachers will arrive first to work together on constructing problems that
could benefit from the use of technology tools in a natural and integrated way. If the
appropriate tool exists, we will incorporate it and produce an interactive tPOW. This
process will also help us identify tools that need to be designed. When the developers
arrive, we will form design teams of developers, teachers, and other technical staff. The
design teams will spend the remainder of the workshop creating new tools or
modifying old tools to fit the problems. They will continue collaborating via email
afterward until their projects are completed.

tPOWs: The summer workshops will contribute considerably to creating tPOWs
(Technology Problems of the Week), which will in turn strengthen site usage. Teachers
who are uncertain about using a new mathlet or tool in their classrooms will have
opportunities to begin experimenting with tools that are already placed in the context of
rich math problems.

The Math Forum has never had a need to drive usage for the Problems of the
Week—there has always been more work than our mentors can handle comfortably.
The Online Mentoring Project, described above, will speed the training of teachers,
including in-service and pre-service, for this new project.

Assessment via Handhelds: One exciting idea that is coming forth is for teachers to use
PDAs (Palm Pilot, Visor, etc.) to collect assessment data on students as they work on
math projects. Our tools will provide good resources for math projects and we envision
teachers helping their students and at the same time entering relevant assessment data
in their PDA. SRI is developing this kind of software for science and Carol Midgett at
the University of North Carolina, Wilmington, is working on the beginnings of a similar
project for mathematics via a PT3 grant. We will keep our users aware as these tools
develop by consulting with Carol Midgett along with Jeremy Roschelle and Phil Vahey
of SRI. This is an example of how we plan to engage our readers in new and important
ideas and projects.

Sustainability

Migrating from facilitator-oriented beginnings to user-moderated discussions at the end
We singled out three types of users: first-time visitors, loyal readers, and contributors.
To these we now add a fourth type: facilitators. As the community becomes large and
successful, a small proportion of contributors will become so deeply involved that they
will want to help manage it. They will be willing to actively publicize, go out of their
way to answer questions, spontaneously compile FAQs, and so on. At the beginning of
the project, facilitators will be recruited directly, as outlined below. Our long-term goal,
however, is to achieve a spontaneously self-organizing community.
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We expect to deliberately build up the community to the point where it can become
self-sustaining—or at least to the point where it needs very little staff time to maintain.
We have developed communities that are low maintenance, such as our “math doctors”
for Ask Dr. Math. Realistically, we have to expect that the Math Tools project will
require some administration and infusions. The Math Forum is committed to finding
funds to support these through corporate sponsorships, gifts and grants, and general
operating budget.

The area that is likely to see the most growth and to change in unpredictable ways is
handheld hardware and programming environments. As our letters of support
demonstrate, our proposal has elicited considerable interest and assistance from the
manufacturers. We also will have industry liaison assistance by Jeremy Roschelle and
Phil Vahey (see SRI subcontract) that will prepare us to meet circumstances with even
more support, especially as we demonstrate our value to the industry. In particular, SRI
will help us:

• communicate the NSDL Math Tools opportunity to Palm, TI, Intel, ImagiWorks,
Key Curriculum and other companies,

• understand technical and business concerns that the NSDL initiative presents to
participating companies,

• broker industry participation in NSDL with respect to Math Tools by talking to
decision-makers and Web site technical leads at such companies, and connecting
them with appropriate decision-makers and technical leads within NSDL.

Much as we expect developers to contribute new math tools so do we expect
researchers interested in the impact of technology in math education to submit us their
articles, allowing us to continue the growth of a valuable library for the research
community and other users as well. This will also stimulate greater recruitment of
reviewers and discussion facilitators.

Work Plan: Collection Activities

Before Official Proposal Approval
- Finalize approval to use major collections (TI, Shodor, Utah State).
- Find a few high-quality reviewers through personal contacts, College Board

workshops, TI, etc.

YEAR 1:
Spring Semester, 2003

- Forum staff begins developing Audition Tool and Reviewer Guide, working with
first reviewers.

- Reviewers begin reviewing and also working with staff to refine Audition Tool
and Reviewer Guide.

- George Reese begins research article reviews.
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- Identify workshops where we can show our material, find teachers, get
professional development providers involved.

- Send notices to appear in journals, web sites, timed for announcement of pilot
site.

April, 2003 NCTM meeting
- Launch pilot version of site, publicize site, look for reviewers.
- Begin campaign for teachers to send tool nominations, user reviews.

Summer, 2003
- Hold first Summer Workshop for teachers and developers.
- Use Audition Tool and Reviewer Guide to develop corps of reviewers by mid-

summer.

Fall, 2003and throughout rest of project
- Continue with review activities already begun and to recruit new reviewers.

YEAR 2: 2004
April, 2004 NCTM meeting

- Official launch of Math Tools site. Target date to finish searching for and
reviewing main collection of tools.

Summer, 2004
- Concentrate on community building aspects of site and teacher-developer work.
- Hold second Summer Workshop for teachers and developers.

Fall semester, 2004
- Make presentations at NCTM regional and other meetings.
- Continue reviewing, recruiting, and finding new tools.

Work Plan: User Activities

Before Official Proposal Approval
- Begin informal search for facilitators to lead the 5 content strands, 9 courses, and

the overarching community.
- Work with handheld manufacturers to find appropriate facilitators and leaders.
- Develop agreements with manufacturers to provide special help desks where

users can go with technical problems.
- Use personal contacts to find computer software developers to act as facilitators

and leaders. Aim for experts in applets, java script, Flash.

YEAR 1:
Spring Semester, 2003

- Continue recruiting facilitators, also tPOW constructors, tT2T resource persons,
and other group leaders.

-  Work with facilitators to accommodate various teacher categories:
o those new to technology
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o more experienced technologists
o pre-service
o in-service.

- Look for professional development workshops and other venues where we can
show our material and recruit leaders.

- Plan the construction of tPOWs with appropriate Forum staff and problemists.
- Start Developer's Page and pages for each handheld and relevant programming

language. Look for situations where developers can share programming tools.
- Start on student and parent portals.
- Develop pilot version of overall site.

April, 2003
- Demonstrate pilot site and use the NCTM meeting to further our aims, above.
- At NCTM meeting, T^3, ICTCM, etc. work to get developer and design team

discussion and demos.
- Begin monthly discussion of research articles.
- Finish startup version of student and parent portals before summer.

Summer, 2003
- Revise pilot site on the basis of teacher and other feedback.

Fall Semester, 2003 and throughout rest of project
- Give talks, demos, workshops at NCTM regional meetings.
- Continue to recruit facilitators, revise site, and engage users in community.

YEAR 2: 2004
Spring, 2004

- Work toward launch of official site.

April, 2004
- Officially launch site at time of NCTM Annual. The basic collection will be in

place.
- Concentrate on community building and teacher-developer work.
- Have developer and design team discussions and demos for NCTM meeting.

Summer, 2004 and throughout rest of project
- Revise portals based on feedback.
- Work with professional development workshops, teacher workshops, (including

our own) to use Math Tools.
- Continue to recruit facilitators, revise site, and engage users in community.

Evaluation

The evaluation of the Math Tools project will be composed of four parts,
1) formative evaluation to guide the development of the Tools Web site and its

ability to attract users,
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2) questionnaire to assess how the implementation of the Web site is being received
by users,

3) interviews with teachers and developers in the summer tPOW workshops as
well as interviews with a sample of teachers about the usefulness of the tPOWs
and the Math Tools Web site, and

4) assessment of students’ mathematical thinking using the tools developed in the
tPOW workshops.

1) Formative evaluation will utilize the following collaborative process developed at the
Math Forum by K. Ann Renninger and Wesley Shumar. Math Forum staff will have a
focus group meeting every six months throughout the project. The purpose of the focus
groups will be to review the site design, the best way to effectively meet user needs,
how design can serve to encourage usage of tools and more learning interactions. The
outcome of the sessions will be a set of measurable short-term goals and a set of longer
term goals. In addition, questions about user needs will be drafted for the user
questionnaires and the teacher interviews. After the first meeting, each focus group will
assess progress on short-term goals and readjust long-term goals.

2) An online questionnaire will be developed specifically for the Math Tools Web site. The
questionnaire will be mounted online for a two-week period and ask users to volunteer
to respond. The questionnaire will address questions about the value of the tool, the
ease of usage, the ability to find tools and navigate the site, the process of integrating
tools into lessons and learning processes. Data from the questionnaires will be analyzed
and presented back to the next focus group meeting.

3) The interview project will involve two separate but related interview samples. The first
will be a random sample of teachers who agree to use the Math Tools site and integrate
tools into their classes. These teachers will be interviewed to get a more detailed,
personal look at the problems and successes they face when attempting to integrate
these technologies into their classes. It will also offer insight into the value of the
interactive aspects of the site for their teaching and their own learning.

The second interview sample will be drawn from the teachers and developers at the
tPOW workshops. These teachers and developers will be interviewed in order to further
assess the ways the creation of intentional online community can foster improved work
in the development of tools for math education. The Math Forum already has
considerable experience in this area through the ESCOT POW workshops [49].

4) Assessment of student learning through change in mathematical thinking will be done
following the work at the Math Forum on the ESCOT POW and the other POW services
[50]. Analysis of students’ mathematical thinking, approach to the problem, and
guessing strategy in work with the EPOWs will be studied. Independent variables
included students’ interest for mathematics, feelings of self-efficacy as a learner of
mathematics, competence, standardized achievement scores, and gender

                                                  
1 The Math Forum: http://mathforum.org



17

                                                                                                                                                                   

2 American Mathematics Metadata Task Force: http://mathmetadata.org/

3 Renninger, K. A. & Shumar, W. (Eds.) (In preparation). Building virtual communities. New York:
Cambridge University Press

4 Renninger, K. A. & Shumar, W. (in press). Community building with and for teachers at The Math
Forum.  In K. A. Renninger & W. Shumar (Eds.), Building virtual communities: Learning and change in
cyberspace.  New York, NY: Cambridge University Press.

5 Shumar, W. & Renninger, K.A. (in press). Change and learning in the virtual community: The questions
and their context. In K. A. Renninger & W. Shumar (Eds.), Building virtual communities: Learning and
change in cyberspace.  New York, NY: Cambridge University Press.

6 Renninger, K. A. & Shumar, W. (1998). Why and how students work with The Math Forum's
Problem(s) of the Week: Implications for design. In A. S. Bruckman, M. Guzdial, J. L. Kolodner, and A.
Ram (Eds.), Proceedings of ICLS 98 (pp. 348-350). Charlottesville, VA: AACE.

7 Renninger, K. A.,  Farra, L., and Feldman-Riordan, C. (2000). The impact of the Math Forum’s
Problem(s) of the Week on Students Mathematical Thinking. Proceedings of the International Conference
of the Learning Sciences. Mahwah, NJ: Lawrence Erlbaum Associates.

8 Renninger, K. A., Weimar, S. A. & Klotz, E. A. (1998). Teachers and students investigating and
communicating about geometry: The Math Forum. In R. Lehrer & D. Chazan (Eds.) Designing learning
environments for developing understanding of geometry and space (pp. 465-487). Mahwah, NJ:
Lawrence Erlbaum Associates.

9 SMETE Open Federation, http://smete.org/

10 Educational Software Components of Tomorrow (ESCOT), http://escot.org/

11 Renninger, K. A. & Shumar, W. (2001). The Math Forum's ESCOT Project Final Report.  NSF Grant,
# 9804930

12 “Report to the President on the use of technology to strengthen K-12 education in the United States,”
President’s Committee of Advisors on Science and Technology (PCAST), Washington, DC March 1997.

13 The Power Of The Internet For Learning: Moving From Promise To Practice, Report Of The Web-
based Education Commission
Senator Bob Kerrey Chair, Wa s h i n g t o n , D C, Dec. 2000

14 Educating Teachers of Science, Mathematics, and Technology:
New Practices for the New Millennium, A report of the Committee on Science and Mathematics Teacher
Preparation, National Research
Council, http://www.nap.edu/.

15 H. Becker and M. Reil, "Teacher and teacher-directed student use of computers and software," Center
for Research on Information Technology and Organizations, University of California, Irvine, CA 3, 1999.

16 H. Wenglinsky, "Does it compute? The relationship between educational technology and student



18

                                                                                                                                                                   
achievement in mathematics.," Educational Testing Service, Princeton, NJ 1998.

17 SRI International Press Release, “SRI International and Palm Announce Findings that Show Positive
Impact of Handheld Computers in Classrooms”, March, 2002, http://www.sri.com/news/releases/03-06-
02.html

18 "The power of digital learning: Integrating digital content," CEO Forum on Education & Technology,
Washington DC Year 3 Report, 2000.

19 The PI’s investigation of this on the collegiate level led to the founding of the Journal of
Undergraduate Mathematics and its Applications, http://www.joma.org,

20 "Before it's too late: A report to the nation from the National Commission on Mathematics and Science
Teaching for the 21st Century," Glenn Commission , US Department of Education, Washington DC 2000.

21 SRI International: “Palm Awards $2.3 Million in Technology Grants to U.S. K-12 Schools and
Colleges: Educators Will Study How Handhelds Affect Teaching and Learning,” June 25, 2001
http://www.sri.com/news/releases/06-25-01.html

22 Wall Street Journal 8 Apr 2002, “Sales of Handheld Software Triple,”
http://online.wsj.com/article/0,,SB1018216461553737280.djm,00.html

23 Yarnall, Louise, Penuel,  William, et al, “Portable Assessment Authoring: Using Handheld
Technology to Assess Collaborative Inquiry,” AERA. Seattle, April 2001.

24 Jean Shields and Amy Poftak, “A Report Card on Handheld Computing”, Technology and Learning,
Feb. 2002, pp. 24-36.

25 Klotz, Eugene. “Teaching Calculus with Digital Libraries”, accepted by the 2nd International
Conference on the Teaching of Mathematics at the undergraduate level, Hersonissos, Crete , Greece, July,
2002 . Available at http://mathforum.org/wiki/CalcWithDL?HomePage.

26 Costlow, Terry, EE Times, February 21, 2001,
http://www.eetimes.com/story/OEG20010221S0069

27 Renninger, K. A. & Shumar, W. (2001). The Math Forum's ESCOT Project Final Report.  NSF Grant,
# 9804930

28 J. Roschelle, C. DiGiano, M. Koutlis, A. Repenning, N. Jackiw, and D. Suthers, "Developing
educational software components," IEEE Computer, vol. 32, pp. 5-58, 1999.

29 J. M. Carroll, M. B. Rossen, G. Chin, and J. Koenemann, "Requirements development: stages of
opportunity for collaborative needs discovery," presented at Proceedings of the conference on Designing
interactive systems: processes, practices, methods, and techniques, The Netherlands, 1997.

30 Texas Instruments software library, http://education.ti.com/global/latest.html

31 Kornstein, Susan, project consultant for calculators and AP courses, private correspondence.

32 Texas Instrument program library, http://education.ti.com/global/latest.html



19

                                                                                                                                                                   

33 Shodor Foundation Interactive Library, http://www.shodor.org/interactivate

34 Utah State’s National Library of Virtual Manipulatives, http://matti.usu.edu/nlvm/nav/index.html

35 EOE library http://www.eoe.org/FMPro?-db=Categories.fp3&-token=library&-
format=/library/JavaApplets.htm&class=Branch&-find).

36 Tamara Sumner and Melissa Dawe, “Looking at Digital Library Usability from a Reuse Perspective”,
JCDL, ’01, Roanoke, VA

37 Jeffrey S. Poulin, “Reuse: Been There, Done That”. CACM 42(5): 98-100 (1999)

38 DOD Software Reuse Initiative Program Management Office, “Software Reuse Executive Primer”,
May, ‘95

39 Reuse Information Clearinghouse, Bibliographies, Falls Church, VA

40 Friesen, Norm, “What Are Educational Objects?” to appear in Interactive Learning Environments.

41 Jean Laleuf and Anne M. Spalter “A Component Repository for Learning Objects”JCDL ’01,
Roanoke, VA.

42 Math Forum Teacher2Teacher, http://www.mathforum.org/t2t/

43 Journal of Online Mathematics and its Applications, Developer’s Area, http://www.joma.org/vol1-
2/toc.html#developers

44 Jeremy Roschelle and the ESCOT Team, “Producing Educational Software From Reusable
Components: ESCOT’s Effort to Establish a Replicable Practice”, to appear.

45 Jeremy Roschelle, Victoria Hand, Chris DiGiano and the ESCOT Team, SRI International “Towards a
Coherent On-line Collection of Tools for Math Learning,” http://www.joma.org/vol1-2/articles/digiano/,
August, 2001.

46 An example of the print and save features developed at NLVM is their Pattern Blocks applet at
http://matti.usu.edu/nlvm2/nav/frames_asid_175_g_1_t_1.html.

47 Kornstein, Susan, project AP and graphing computer consult, personal communication.

48 Math Forum privacy policy: http://mathforum.org/announce/privacy.html

49 Shumar, Wesley and Renninger, K. Ann Sustaining Online Community: Learning and Participation at
the Math Forum, paper presented at the American Educational Research Associaton annual meeting,
April 3, 2002, New Orleans, LA.

50 Renninger, K.A., Farra, L., &  Feldman-Riordan, C. (2000). The impact of The Math Forum's
Problems of the Week on students' mathematical thinking. Proceedings of ICLS 2000. Mahwah, NJ:
Erlbaum.


