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Abstract: Mathematics education has had a history of problems with both motivation and

applicability in a child’s life. Recently, it has been shown that issues such as cultural

relevance can make a significant learning difference in other areas, such as reading.

Music is one way in which to solve the problems of motivation and significance, while

also retaining a connection to math and the learning of its basic skills.

In our paper, we propose a system to implement this in the manner of a collaborative

radio station, where children act as both DJs and listeners. We will also present the result

of a pilot study. Lessons learned from this for CSCL system design will be discussed, and

future directions will be outlined.
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Introduction

Over the last decade, the importance of motivation in learning math has been one of the most

important issues of mathematics education. The direction of this today is focused more towards

the kinds of problem-solving that makes the mathematics relevant and more easily learned

(NCTM, 1998). Minority students, and African-Americans in particular, are among those most at

risk for learning mathematics (Hawkins, Stancavage & Dossey, 1998). The lack of cultural

relevancy in mathematics education may be one of the factors causing this problem.

Nichole Pinkard (Pinkard, 1998a; Pinkard, 1998b; Pinkard, 1998c) and others have shown that

culturally-relevant software can make a significant learning difference. Dr. Pinkard's work

begins with recognition that there are cultural differences between people, and that these

differences are significant in terms of making learning authentic. She created software for

literacy that builds upon the rap music and clapping rhymes that are part of her students' African-

American culture. She builds upon what is known about intrinsically motivating software

(Malone, 1981; Malone & Lepper, 1987) in order to gain motivation both through content and

through structure.

Our goal is to create culturally-relevant software that supports mathematics learning, through

music. Each culture has its own music. We want to provide tools to enable children to listen to,

visualize, analyze, and synthesize their own music. Our curriculum will encourage students to



use mathematics as a tool and problem-solving strategy in analyzing music, in order to answer

questions such as "Why is this rock and roll and this country?" and "How can we turn a blues

song into one that sounds like hip-hop?"

We believe that collaboration will be an important part of the learning environment that we are

designing. Music is more enjoyable when shared, and sharing one's own music is a motivation to

explore and synthesize music. Our plan is to provide facilities for students to create radio

programs for broadcast within their classroom, school, or even local community. We have been

using low-power radio transmitters to create a collaborative radio station within our own

building at Georgia Tech, and currently proposed new FCC regulations will allow for even more

powerful low-power transmitters that will easily cover the entire local community of a school.

In this paper, we explore one aspect of this vision. We want to explore what it will be like to

create one's own radio program and to listen to radio programs created by one's peers. We have

set up a collaborative "radio station" within the College of Computing at Georgia Tech. While

originally broadcast, we concluded that current limits on low-power transmitters provided too

little broadcast area for our community, so we moved to a desktop computer receiver. We have

provided documented facilities for creating and listening to peer-created radio programs. We

then conducted a series of interviews with members of this community while we introduced them

to listening and creating in this medium. This paper describes what we learned about creating  a

collaborative radio program, and how that lessons will influence our implementation of

collaborative music for math learners.

Enabling collaborative music for math

In our Music for Math project, we are starting out with analysis and synthesis of MIDI files.

MIDI is a standard language for musical instruments. When you play a keyboard and "save"

what you played, the format of the saved file is MIDI.  There are thousands of freely available

MIDI files available on the Web today.

In the music analysis phase of our project, we will ask the children to use existing MIDI files

they have chosen and examine them in a number of ways. Using a “piano roll” format, they can

look at a graphical representation of all of the tracks, which shows the notes as they are played.

In doing this, the children will be able to visualize the music and see it at the same time they

listen to it. They will also be able to focus in on certain tracks, which will enable them to explore

such issues as beat, rhythm, patterns, repetition, and timing. Later, we will ask them to be more

active and manipulate tracks – removing, adding and combining them, and even creating entirely

new compositions from one or more tracks. The hope is that doing this will make the above

issues more salient and encourage the children to play around and become more comfortable

with them. Following this, the children will be shown how to save their work and upload it.



Our current plan for creating the collaborative radio is through use a CoWeb or Swiki (Guzdial,

1998), which is an editable, collaborative website. Students will upload their MIDI compositions

into the CoWeb, as well as recordings of themselves (in standard formats, such as WAV or

AIFF) introducing themselves and their music. They can assemble all of these recordings into a

program simply by typing the names of the recordings in order on a page. The CoWeb has no

security mechanisms, so anyone can update any program, and groups of students can create a

joint program.

Our "interim radio transmitter" is the JukeBox program (Figure 1) created by Aibek Musaev, an

undergraduate working with us. Aibek's program can be "tuned" to a program on the Web (either

by typing a URL, or selecting a predefined URL from a menu). The JukeBox then plays each of

the files in the program in order. The JukeBox runs on Windows, Macintosh, SunOS, SGI, and

Solaris computers.

Figure 1: The JukeBox "interim radio transmitter"

The study

Our initial study was a feasibility study.  Would users create radio programs in the CoWeb for

others to listen to?  Would people listen to them?  Was the system learnable and usable?

We were most interested in seeing if users would succeed in uploading songs and creating

playlists. We also wanted to see if they would listen to programs made by other people. Although

this will be used in an elementary school, the subjects used were all college students. If the

college students were unwilling or unable to perform these tasks, we felt that we would have

little hope of getting elementary school students and their teachers to use the software.

Methodology

Subjects were given the software to use, and we observed them creating radio programs and

listening to radio programs. We then interviewed them for their opinions about the process. All

of the data collected was done qualitatively. We asked the subjects not only what they got out of

it and what they learned, but also what they thought the point was and any suggestions or

comments they had on both the overall concept and the software.

A beginner’s guide (http://guzdial.cc.gatech.edu:8080/jukebox.1) was created on the Jukebox



CoWeb, and this was set up to be accessed from within the program. The documentation

contained instructions for how to use the Jukebox, what could be done with it, and  how to create

and share music programs on it. As mentioned above, the Jukebox is set up to act similar to a

radio station, allowing for both “DJs” and “listeners.”

Results from the study

The feasibility study we conducted showed that, for the most, people were able to use the

Jukebox. In experimenting with and exploring the operation of the Jukebox, they were able to

listen to the programs of others, create their own programs, and use songs from another person’s

program in their own. However, there were also a number of errors and omissions which need to

be removed and improved upon before this is ready for wider release.

Within the study, the majority of subjects succeeded only in listening to programs created by

others. Although everybody was able to move around within these and listen to the songs in the

order they wanted, only one subject actually succeeded in creating a playlist of their own and

placing songs in it. From my observations, listening to a program and creating one appeared to

be very different activities for the subjects, with the later involving a major investment of both

time and effort in order to be successfully accomplished.

The types of programs created initially also had a large effect on what was listened to. By far, the

most popular was a program of ‘80s music, which was accessed by every subject of the study.

Although there were a number of other choices, information obtained from the interviews

showed that the type of music and songs chosen were the major factor in deciding what was to be

listened to. Songs from this program were not only used most frequently, but also the only ones

to be included in the program that one user created. Other programs included rap and hip-hop,

and also more current popular music.

There were a number of features that the subjects of the study mentioned as being useful and

interesting to them. These include the ability to view the entire list of songs included in a

program, choose any of the songs in it to play, and having the program continue from this spot. It

was also stated that having to capability to edit from within the Jukebox or directly on the

CoWeb is also a useful option. Other functions which were noted were the simplistic interface

with its “CD player”-style buttons, and the beginner’s guide, which gave straightforward

directions into what the Jukebox could be used for and how to operate it.

However, from what was said in the interviews, the Jukebox was found to be not very useful for

a number of reasons. It was confusing to use and there were no clear indications of what could or

should be done with it. Due to the remote access of the songs, there was a long pause between

when an action was performed, and when the result would occur. There was also no indicator



showing that the system was responding. This caused a lot of confusion among the subjects, who

assumed that nothing had happened. It was stated that some type of feedback mechanism would

solve this problem.

There was also confusion concerning how to get songs to play on the Jukebox and the connection

between it and the CoWeb. The Jukebox is set up with a number of preset programs to run from

the CoWeb, but users wanted to either play their own or play a particular song. Again, it was not

readily apparent how to do this. One subject, who was the only one to create his own music

program, attempted to enter information a number of times before finally giving up in frustration.

Although the subjects knew the CoWeb was where the songs were stored, and also where the

beginner’s guide was located, the interaction between it and the Jukebox was not clear to them.

Although work needs to be done to clarify and eliminate the confusion, much of this will be

eliminated and hidden in the background during the next phase of software development.

There was also a big problem with the Jukebox due to confusion over the music and songs for it.

There was no easy way to view a listing of songs from either the Jukebox or CoWeb, which led

people to quickly give up on using it. There should have been more consideration given to this,

for the use of music is integral to the operation of any jukebox, including this one. Also, with no

way to save or readily add music to the Jukebox, many people did not feel an intrinsic

connection to it. They expressed that everything on it was “somebody else’s,” and that they did

not see a way to easily put up a program of their own music.

Another major irritation was the number of steps needed to do anything. It took all of the

subjects a while to figure out the operation of the Jukebox, despite the beginner’s guide which

was on the Jukebox CoWeb. The only person who read all of the instructions was a female

subject, and even she barely tried to use the Jukebox. After 5 minutes of reading and trying

various things, she gave up and jumped immediately to the MIDI portion of the software. While

the Jukebox had a number of steps needed before its usage could be understood, other activities

could be instantiated by clicking on one button.

Implications for future work

There are a number of lessons which are to be learned from this study. Many of these concern

either interface or other software concerns and are directly linked to getting things to work.

These include many statements made by the subjects in regard to how to design things to be

more readily usable for a young elementary school student. We also need to work on integrating

this into the curriculum and easing the learning curve and transition for both the teachers and

students for this new technology. All of these will be examined in detail below.

First and foremost, many of the interface issues have already been noted and will be addressed



soon. This will be fixed by focusing on the tasks we consider “integral” for the users to perform,

and limiting them to only that which is deemed necessary to use and know. Although the

possibility for flexibility and customization for more advanced users must be considered, we also

do not want to confuse them by exposing features which are deemed to be unnecessary. We will

also set up many things to do operations automatically (uploading/downloading file, naming

files, etc.) to remove the user from having to directly initiate these tasks. Simplicity, directness,

and emphasizing are the overall design criteria which will be followed.

A CoWeb will most likely be used for a number of reasons. Besides being world readable and

writable, the HTML protocol is well-known and established, and people know both what to do

and what to expect with a webpage. However, since we are using younger elementary school

students, we cannot assume that they have the necessary reading skills or requisite experience to

edit the CoWeb page directly. Therefore, we have also written up a way to do this automatically,

taking out much of the overhead. The CoWeb should not be accessed directly by the students –

they will interact with it through a much easier and more manageable interface within the

software we create.

As mentioned earlier, the Jukebox will not be used in the final project, but there are many

lessons which have been learned from it which can be applied. The chief one is how to foster and

encourage collaboration in an electronic environment. Doing this will allow the children to be

both DJs and listeners, and encourage them to explore and synthesize not only the music they

use, but also the math issues connected to them. The goal is for children to use our system in a

number of environments - in the classroom, at home by themselves, or even children in different

locations all working together.

We have also learned that making things evident and explicit to do will help in encouraging

children to explore. Software should assist the user in completing the designated tasks and not be

a hindrance. The direction of actions should be clearly stated, and moving within and between

the different categories of activity must be made clear. Also, feedback must be designated and

unambiguous for any action, so the user knows that the system has received and is processing

any input it receives. Errors must be handled gracefully and effectively, and a high level  of

“forgiveness” must exist. In addition, multiple levels of undo and redo are also desirable, either

to fix past mistakes or duplicate certain actions.

Ease of use is another important aspect which must be implemented. Working with the music

must be seamless – creating, saving, manipulating and sharing should all be almost intuitive

actions. Making programs and listening to them must be easy to do, and collaboration cannot add

any overhead to any operations in which it is used. Any activity which is seen to be



unnecessarily difficult or complex will either be removed, broken up into a number of easier

tasks, or hidden behind a much simpler and easier to use interface.

We will also be making a concerted effort to focus on creating the collaborative link to be used

with the music. There will be an easy way to locate, listen to, and choose MIDI songs from a

variety of musical genres. The majority of these will be more current songs, as this is most likely

what the children will have listened to. The availability of these is a key component to having a

critical mass of songs to interact with. Saving and posting saved music, as well as working with

others to create it, will be made as simple as working with compositions which already exist.

Next steps

Our next step in this will be to continue iterative design and testing out parts of our software to

make sure they are easy to use and enable the users to work collaboratively with others on music.

Apart from this, we will also be working with teachers in local schools to work this into the

curriculum and also train them to use the software. Our hope is that, after the initial adjustment

period and doing any tweaking and fine-tuning necessary, they will be self-sufficient. Our best

case scenario is that this will be so helpful and useful to them, that they will be willing to train

other instructors as well.

In doing this, we will be following both the NCTM standards (NCTM, 1998) and the established

curriculum for Atlanta Public Schools and the state of Georgia. We understand the need for

teachers to prepare their students for the test they will have to take in order to evaluate

themselves and their teaching and learning. We also want to make sure to focus toward the

standards to allow the children to compete nationally and be adequately prepared for the future.

The current plan is to complete this phase by summer of 2000, so that the software can be rolled

out in the classrooms that fall.

Our experiment will focus on the MIDI and visualization component, allowing children to

individually and collaboratively manipulate and create MIDI files, and also saving and sharing

this work with other students. We propose an experiment where we provide several different

representations of music and ask students to perform tasks with them.  Students' errors and time-

to-completion will be recorded.  A select number of students will be asked to think-aloud during

the activity so that we might gain insight into the strengths and weaknesses of the specific

representations.

We will draw the students for the studies from the schools that agree to work with us. We will

randomly assign students to groups. Students in the same group will undertake the tasks (random

ordering) with a specific representation (randomly selected which is first), and then with the

other two representations.  If there is no learning effect between representations, the data will be



collapsed across sessions with the same representation. This will also be used for the other

segments of the study. Standard classroom test will be used in conjunction with this to determine

what learning, if any, has occurred, and which areas have shown the most change from the

control groups.

Conclusions

For our project, our main goals involve encouraging collaboration and creating connections

between music and math learning. Collaboration will be accomplished using the software we

create and has been explained above. For our other issue, we must make sure that the underlying

math learning is being accomplished and the math standards are being catered to. This is linked

to how evaluation will be done of both the system, and the learning which hopefully comes about

from using it. A possible problem here is in determining the success of the software and what

effect this has on student learning. Issues of “well-designed” software and software which

actually helps a student to learn are not necessary the same. Both of these will need to be

evaluated.

Another question concerns what constitutes a “success” or “failure” with this system. Obviously,

the emphasis is being placed on mathematics learning, and if there are gains in these areas then

the software is a success. However, what if the results are more complicated than this? If there is

a large gain in music learning and music literacy, but only a small one in certain math areas, is

this a “failure” or not? How much music testing should be done? If music is being used as the

primary influence and focus for this project, then it makes sense that some measure needs to be

done in this area. Once again, how is this to be done?

The other big question to ask concerns which areas of math to go after. Counting and patterns are

two obvious areas, but what are the others? Probability could be one, but at what level do you

strive for? And what other areas are there to look at? A conscious decision was made to focus

more on those segments of math which children have the most trouble learning (Romberg &

Carpenter, 1990). However, this must also be done with a consideration of which connections

exist between math and music, and how these can be exploited.

Although we know this is a difficult problem, and we do not have or know all of the answers, we

feel that we are making a good start and that our work will have a positive outcome.
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