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Abstract. Innovators need a common, reusable framework for implementing patterns
of collaborative learning on wireless handheld devices. Our project explores the
application of an architecture from distibuted systan research, “tuple spaces,” to a
wide variety of collaborative learning scenarios. We are testing this approach with
documented scenarios from prior work published by our team and others. We are also
designing new scenarios that leverage the architecture to engage learners optimally in
cognitive, collaborative work. Our reseacch explores the conceptual alignment,
programming complexity, and classroom usability of this approach.
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Introduction

Collaborative leaming has a well-established research base in education and social sciences [1,
2, 3, 4]. In classroom practice, coordination is fundamental to modern pedagogy. Groups of
leamers and their teachers routinely work in more complex configurations than in traditional
lecture-based classes. They take roles, contribute ideas, critique each other’s work, and
together solve aspects of larger problems, all to good effect [5, 6, 7, 8]. Managed flow of
information and control is essential to the structure of many of these successful educational
activities [9]. With the advent of mobile, wirelessly connected technologies in education [10,
11], innovators have begun to design applications to coordinate students’ work to produce
better science, technology, engineering and math (STEM) education outcomes. Yet there has
been little work on formal computational foundations to support this core function of
coordination [12].

Consider as an example, classroom response systems, which are an increasingly popular
application in K-12 schools and universities across many subjects. These systems rapidly
aggregate the input of all students anonymously and present a histogram that reveals the
students’ understandings [13]. While research suggests that these systems can have powerful
benefits in classrooms [14}—for example, by enabling student groups to focus on improving
therr conceptual understanding [15}—this technology is limited to a very narrow range of
representational types and information-sharing topologies; generally speaking, the main data
typeis a response to a multiple-choice question and the only topology is many-students-to-
one-teacher. In contrast, researchers in the subfield of computer supported collaborative
leaming (CSCL) have documented how shared dynamic representations can support
participation and discourse [16, 17, 18]. Researchers are calling for more powerful classroom



network technology that can expand to richer representations and interaction topologies [19,
20, 21] and have assembled prototypes of advanced uses, such as participatory simulations
[22,23], structured group reasoning tools [24, 25], comparison of scientific data sets [26], and
ways to harvest students’ problem solving to highlight emergent mathematical and scientific
structure [21]. Research has shown these prototypes to be educationally promising, but they
have been hard to build with available technologies, and the resulting applications have been
slow and unstable.

Robust and responsive architectural support for coordinating multiple leamers is thus an
increasingly important topic [27, 28, 29]. Despite growing awareness of how the detaled
structure of leamers’ participation in activity affects leaming [30, 31], there has been little
progess directly linking the computational foundations of coordination (e.g, as found within
distributed sy stem research) with the educational fundamentals of participation.

1. Tuples Spaces for Collaborative Leaming
1.1 Using Techniques from Distributed Computing

Computer scientists working in the area of distributed computing have established a
foundational abstraction called “Tuple Spaces” as a means for coordinating the work of
multiple computers. Tuple Spaces provide a coordination langiage [32] that elegntly
addresses the problem of organizing distributed scientific computations. Tuple spaces have
grown beyond their orignal scientific niche. It has been claimed that they provide the best
available technique for coordinating the participation of multiple mobile agents in collective
activities [33]. They have been used to solve both technical and social coordination among
these agents [34, 35].

A tuple space coordinates the computations of different processes by allowing the processes
to read and write structured data to a common space [36]. Tuples provide, in essence, an
associative shared memory. The word “tuple” refers to the use of vectors of primitive data
types (text, numbers), which constitute the primary data type. In the classic “Linda” model
[32], processes coordinate by writing data in the form of tuples to represent the state of
computation and reading data by providing a template to be matched. The read operation
blocks such that if no match is immediately found, the request will wait until one is available
and then return immediately. Tuple spaces provide one critical additional operation, fake,
which allows exactly one process to read a match and take the tuple out of the space
simultaneously. This last operation allows processes to coordinate such that one process
uniquely works on each task. The combination of blocking reads and takes allows efficient,
just-in-time execution of parallel processes without excessive central management.

1.2 Students as Distributed Processors: A Provocative Analogy

Tuple spaces excel at optimizing the engagement of processors with different abilities (e.g
speed, memory capacity, etc.) working towards a group goal. If we consider students, not ther
computers, to be the distributed processor, we can pose the question of whether, by analogy, a
tuple space can be utilized to engage and coordinate students with different abilities and



preferences (e.g to solve problems, communicate, critique, etc.) in working towards the goal of
mastering classroom content.

Our project seeks to address this question. We conjecture that this architecture can provide
new levels of cognitive and communicative engagement in classroom activities, yielding new
levels of group performance. This socio-technical system can be conceived of as cybernetic in
thetight coupling between “processors” giving and recetving information.

1.3 An Architectural Vision for Classrooms of Wireless Handhelds

Wireless handheld devices, connected in a network, along with a projected display space,
present an affordable and attractive hardware platform for classroom leaming We are
proposing tuple spaces as an alternative to peer-to-peer, client-server, or web-based services
for collaborative leaming. We expect that a simple, general framework for coordinating the
work of multiple leamers will ease rapid prototyping enable new types of activities, and make
these systems easier to support in the field.

2. Using a Tuple Spaces Architecture in Collaboration Tools

To test the feasibility of our vision, we plan to implement and test a variety of collaborative
leaming scenarios using Tuple Spaces. For all implementations, we are using the TSpaces
server [36] and client programs written in Java. We have been first testing the tools on laptops
and later will test them on handhelds, with applications that will inform us about the
possibilities of both the technology and the pedagogy .

2.1 Scenarios

We began the project by collecting collaborative leaming scenarios from the literature. The
group identified 41 scenarios. Of these, a set of 13 were selected as high priority because they
(a) were deemed most important for use in STEM classrooms, (b) had been tried in classrooms
and worked well in the past, and (c) clearly leveraged technology (e.g, would not be easy to do
with paper and pencil). With this set, we also strove to span a wide variety of patterns (e.g,
working in pairs, small groups, or an entire class; different workflows such as a pipeline or
very distributed) and highlight a variety of issues (e.g, sharing, exchanging, publishing
information) that would exercise the technology and pedagogy space and stimulate the
imagnations of developers. So far we have implemented five activities representing these
scenarios. Below we describe three of these activities and their Tuple Space imp lementations.

2.2 Question Posing

The question-posing tool [37] is a twist on the conventional response system. In the
conventional response system, the teacher asks a question and all students answer it. Using
our tool students determine what questions are important, either for the purposes of
examining a new topic or for composing a set of review questions. The tool allows students to
submit new questions to the question space, browse and rank other’s submitted questions, and
cluster related questions. Submit is a simple write operation, browse is a read of a tuple that
fits the “question” template. Rank involves taking a question tuple and writing a new version



of the tuple with the applied rank as part of its data. Clustering here involves the writing of
“cluster” tuples that describe a relationship between one or more questions. Students can
perform any of the tasks in any order they wish, and to whatever depth required. Thus,
students more adept or interested in posing questions are free to do so as much as they wish,
and students more interested in sorting and evaluatingquestions may do so, all without explicit
central coordination. The result is a ranked set of important questions, with related items
gathered in clusters.

2.3 A Novel Critical Reading Tool

This text markup tool provides an application that can display a body of text and allow
selections of that text at some specific grain size (e.g., lines, paragraphs, words). For
example, students are presented with a poem, and asked to highlight all of the near-rhymes
in the text. Students select relevant lines of text one-by-one, by checking a box beside ech
line that illustrates a near-rhyme. When they are finished, they submit (write) their
selections to the space. They can then browse and view (read) the selections made by
others, which appear highlighted in gray on their text display. Their own selections appear
highlighted in yellow. Bar graph displays to the right of each line indicate the number of
students who highlighted the particular line, and the font size of more popular line is also
increased to indicate frequency of selection. In this way, students’ markup is aggregated on
each individual display, and discussion may then ensue about disagreement amongst the
highlighted lines.

2.4. Draw My Molecule

The molecule drawing tool provides a
game-like environment to help students
become familiar with a multiple
scientific representations for various
molecules and compounds. This tool
provides an example of integrating
exisiting software—in this case,
ChemSense [38]—with the TSpaces
architecture. Using this tool, students
first submit (write) names of molecules
to the space. Once several molecule
names have been generated, students
grab (take) a random molecule name
from the space. The tools asks them to Figure 1. A teacher focuses discussion on
draw the molecule in one of three the hine of fext that many students selected
chemical representations: molecular

formula, electron dot, or ball and stick. Students use the ChemSense drawing tool to draw
the molecule, and then submit (write) their representation back to the space. If a student is
unable to generate the representation, she can give up on that molecule-representation pair
to release (wrife) it back to the space, and grab a different random molecule-representation
assignment. Once a student submits a particular representation (e.g., electron dot) for a
particular molecule (e.g., water), no other students will get this particular pair to draw. As a
result, after some minutes of this distributed drawing activity, the matrix of molecule-
representation types becomes mostly or even fully complete. In a final activity, students




use the tool to play a “slot machine” game [39] in which they get (read) three random
representations from the space, and indicate, through checkboxes, which (if any) of the
three representations are for the same molecule. If they indicate correctly, they “win” that
slot round. Wins and losses are tallied for both individual and group scores.

3. Research and Evaluation

Our overall objective is to develop methods, knowledge, and tools that better align social needs
and distributed computing techniques with respect to the opportunity to improve
collaborative leaming. Below we describe three key research questions and our current progress
towards answering them.

3.1 Is there a sound alignment of the tuple space formalism to the patterns and principles of
collaborative learning?

We are investigating this question by implementing a wide range of collaborative leaming
activities either previously described in the literature or of our own invention. So far, we have
imp lemented five quite different activities and have found good alignment between the Tuple
Space formalism and collaborative leaming. We have found the general formalism to be fairly
easy to use. The datamanagement concepts are straightforward and primitive by design, and
we haven’t needed to wrap the primitive operations. One area of difficulty is reconceptualizing
pre-existing patterns of connectivity, such as peer-to-peer interaction, in the distributed Tuple
Spaces perspective. We plan to further explore this question by implementing a high-level
collaboration framework, such as that specified by the Collaboration M odeling Langiage,
CML [40]. CML is a general framework for describing workflow and interaction in a
networked classroom environment, such as group formation and the playing of specific roles,.

3.2 Can a wide variety of programmers adequately understand how to build designs for
learning using these techniques?

We are investigating this question by involving programmers from different settings and of
different abilities in our work. So far, four different programmers have developed activities
using the TSpaces environment. In most cases, implementing an initial prototype activity
took about three days, including time spent on issues unrelated to TSpaces, such as user
interface development (with Swing, a graphics library for Java) or content development.
Database-like transactions were easily implemented using the transactions built into the
TSpaces architecture. One advanced developer noted some difficulty giving up features built-in
to more sophisticated databases, such as referential integrity and type protection. In the
summer of 2005, we will host a 3-week International workshop in which students will code
new collaborative leaming tools using our framework. Further, in the fall of 2005, we will teach
a course at Virgnia Tech and study undergraduates leaming and using the Tuple Spaces
framework. These activities will further inform our understanding of the nature and
development of expertise in programming using tuple spaces for social coordination.

3.3 Do tuple space servers work well in realistic classroom settings?

Evaluation of Tuple Spaces in a classroom is scheduled to start in September 2005. Three
challenges we anticipate are server overload, basic wireless infrastructure issues and set-



up/mstallation problems. Forexample, if a teacher instructs students to follow her in lockstep,
and everyone in a class clicks on the same button at the same time, the server may overload. So
far, our tests suggest that network traffic is fairly light, but we will need to track this. While
our system does nothing to improve the wireless link layer, such improvements do not seem
necessary. The system appears to tolerate network dropouts, partly because data packet
transmissions are typically small and few with small retransmission cost. We are currently
working on handling the set-up and installation problems that typically dog CSCW and CSCL
systems, and which prove so difficult for teachers to handle.

4. Conclusion

Innovators need a common, reusable framework for implementing patterns of collaborative
leaming on wireless handheld devices. Our project explores the application of an established
architecture from distributed systems research, “tuple spaces,” to a wide variety of
collaborative leaming scenarios. Results to date indicate that this approach can both imp lement
existing scenarios from the literature and enable new scenarios that may optimally engage
leamers in cognitive, collaborative, and cybernetic work. Our research is exploring the
conceptual alignment, programming complexity, and classroom usability of this approach. We
invite international partnerships in this research.
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