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uring the spring semesters of 1994 and

1995, freshmen in Duke University’s

Department of Biomedical Engineering

participated in the first full-scale class-
room test of diffuse infrared (IR) network-
ing. The experiment was known as “The
Duke Paperless Classroom” and the subject
of the course was introductory computer
programming and numerical methods.
Reported in numerous mainstream press
publications (see sidebar), it’s one example
of cutting-edge learning environments
afforded by new technologies.

This article names the products used and

reports on how classroom dynamics were

(and were not) changed, and which instruc- |

tional strategies proved most effective in
this environment.

The project used an IR networking device

from Photonics called the Cooperative

Transceiver. A total of 72 student volunteers

purchased Macintosh PowerBooks (Models
165¢ and 520, in the two successive years)
and carried them into the classroom twice a
week. The IR devices were used to form a
LocalTalk network in the classroom.

The teacher’s PowerBook was attached to
computer graphics projector (ViewFrame
SpectraC) projected on a big screen in front
of the class, replacing the chalkboard and
traditional slide projectors.

Farallon’s Timbuktu Pro software was
utilized as it allowed the teacher to project
the screen of any student’s computer over
the IR network onto the big screen, and also
to functionally take over and control that
student’s keyboard and trackball. The
teacher could, in effect, lean over any shoul-
der with the rest of the class watching. In
addition, individual students could take
turns operating the teacher’s computer via
Timbuktu as well, allowing the whole class
to work together on joint projects using a
single computer. No physical alteration was
required to the classroom itself.

Duke University
Durham, N.C.
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W What is Diffuse Infrared Communications?

Computer clusters on campus have been
connected by networks for decades, but
portable computers offer new challenges to
networking technologies. Wireless commu-
nications provides distinct advantages here,
including the ability to:
 Provide local area networks without
physically altering the classroom or limiting
service to specific locations; and
* Provide access to printers or the Internet
for students within large public spaces such
as the library or common room, while pre-
serving local mobility within such spaces.

The Photonics device is the first commer-
cially available embodiment of a new wire-
less technology based on diffuse infrared
light.! The device is about the size of a com-
puter mouse and plugs into the back of a
Mac PowerBook, from which it derives
power. The transceiver uses the same sensor
and emitter elements found in television
remote controls. However, unlike line-of-
site devices which must be pointed at each
other, the diffuse IR transceiver is sensitive
enough to capture reflections from ceilings
and walls. This permits a large number of
transceivers in a typical lecture hall to be
connected simply by pointing them at the
same general area of the ceiling (we tested
up to 41 at once). Unlike radio devices,
there is no interference from neighboring
rooms.

The speed of the present IR network
between Mac PowerBooks is the same as
that for wired LocalTalk connections, about
230 kilobits per second (kbps). In fact, the IR
hardware is completely transparent to net-
working and printer software, including the
software built into every Macintosh. Any
two Macintosh computers equipped with
infrared devices may share files peer-to-
peer without additional software or set-up.
A similar IR device, from Photonics, inserts
into a PCMCIA slot of any IBM compatible,
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and runs at approximately 1
megabit per second (Mbps). chalk
These speeds are roughly board
10-40 times slower than
typical Ethernet, which student
operates at 10 Mbps.
Nonetheless, diffuse IR is eyes
fast enough to support cer- e
tain important in-classroom hands
functions, in particular,
screen sharing and remote
control between the teacher
and a single student. old-
The long-range promise fashioned
of diffuse IR includes higher notebook
speeds, perhaps as fast as

notebook computers, if
such courses are included
in the curriculum.

ESSchiE B The Classroom Network
A recent article in The
yes New York Times reviewing
mouth various experimental
hands

classrooms, including our
own, was entitled “No
Talking in Class”,” sug-
gesting that speech was
being replaced. This was
far from the truth in our
class, although the teacher
did find himself in some

100 Mbps, but such systems

are still experimental, expensive and power-
hungry. The Photonics device is available
today and only drains the battery of the
notebook computer a small amount. We
found Photonics’ estimate of a half-hour
reduction in battery life to be accurate. In
our experience the devices were 100% reli-
able, even after being carried in freshmen
knapsacks for two semesters. The current
U.S. educational price for the Cooperative
Transceiver is about $100.

Figure 1. Diagram
of Information Flow
in the Standard
Classroom

B Why Use Notebook Computers?

Student-owned computers offer the stu-
dents important advantages over university-
maintained clusters, including;:

e Increased accessibility, and
« Greater pride and responsibility of
ownership.

Students learn to use computers through
their fingers, much the way musicians learn
to play their instruments, or soldiers learn
to use their guns. They master the equip-

cases competing for atten-
tion with the students’” computers.

Where once students who were bored
with the lecture would have been doodling
in the margins, instead they could be doing
useful work on their computers. A certain
etiquette was established to discourage the
playing of games or sending “paperless air-
planes” over the network to other students
during class.

Our primary goal was to enhance the
existing human network within the class-
room, while doing no harm. Socrates had a
perfectly good wireless network, functional
and reliable, and it survived to the present
day. This network, as shown in Figure 1, is
based on the human auditory and visual
systems, as well as the chalk, pencil or pen
held in the human hand. Each arrow repre-
sents a channel of information.

How then should we add a computer
network without detracting from the exist-
ing system? First, we decided to keep the
idea of the chalk board, only in the form of

ment by learning not only how to operate it,
but also to maintain and upgrade it. Many
students already own computers, mostly for
use in their dorm room for word processing,
entertainment, and increasingly, for net-
work access. Many colleges including Duke
supply dorm rooms with connections to the
Internet, and there is little doubt that stu-
dents benefit from such dedicated and con-
venient access.

One basic choice for a student buying a
computer is whether to get a desktop or
notebook model. Desktop models are cheap-
er, faster, have better displays, more
options, and fewer problems with theft and
breakage. So why choose a notebook? We
contend that students are a nomadic people,
hunter-gatherers of education. There is still
no replacement for exploring the class-
rooms, libraries and laboratories that com-
prise the physical campus. Carrying a note-
book PC on this quest offers the student
truly unlimited access to their own individ-
ual environment, and the ability to partici-
pate in special classrooms designed for
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the big-screen projector. Maintaining audi-
ence cohesion is best achieved by focusing
people’s attention on a common spot in full
view. The big screen showed whatever was
on the teacher’s computer, and by using
screen-sharing software (Timbuktu Pro) this
could also include the screen of any com-
puter in the room. In fact, several students’
screens could be projected at once on a split-
screen display. Plus, the teacher could con-
trol any student’s computer or any student
could control the teacher’s machine (with
the teacher’s permission).

At the beginning of each class, as stu-
dents walked in and opened their machines,
their names were automatically added to a
growing menu on the teacher’s screen, from
which he could choose a student simply by
pointing and clicking. To assist the teacher
in identifying students, their names were
physically pasted in large white letters on
the lids of their computers, where they
could be easily seen from the front of the
room.

The information flow in our classroom is
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shown in Figure 2.
Note that none of
the basic pathways
in Figure 1 has been
removed. Notebook
computers with
their small tiltable
screens and minimal
noise are relatively
unobtrusive com-

big
screen

student

teacher

attention. This mode
also brought new
meaning to the phrase
“last minute prepara-
tion,” since it allowed
the teacher basically
to improvise from
scratch.

Because this mode
did not need to use

little
screen

pared to a typical
workstation cluster.
A significant
increase in band-

keyboard
trackball

the network, it

keyboard
allowed for “hand-

trackball

outs” to be distrib-
uted and homework

width over the tra-
ditional classroom occurred, especially in
information flowing from an individual stu-
dent to the teacher and onto the big screen.
Now students didn’t just ask a question,
they showed a question, and everyone in the
class could see it.

Computer audio channels are not shown
(and were not used in our experiment),
although audio inputs and outputs came
standard on our PowerBooks. Sporadic
sound effects were, in fact, a short-lived
source of amusement, and students were
quickly encouraged to disable their sound
effects. However, when properly integrated,
audio output could actually be useful in a
number of ways: to teach music, a foreign
language, or even demonstrate concepts in
signal processing. Audio input may be use-
ful as well, especially as speech recognition
improves.

Figure 2. Diagram
of Information
Flow in the
Paperless
Classroom

B Classroom Dynamics: Four Modes

In our two semesters of practical experi-
ence with the infrared network we have
identified a number of useful teaching
techniques. They may be grouped into the
following four modes of operations:
standard lecture, solving students” prob-
lems, building a shared project, and student
demonstrations.

In our two
semesters of
practical
experience
with the
infrared
network we
have identi-
fied a number
of useful
teaching
techniques.

Mode 1: Standard Lecture

Many times in class it was important sim-
ply to “broadcast” information to the stu-
dents, a mode analogous to the standard lec-
ture. This did not require the IR network,
but relied heavily on the projection system.

Instead of using presentation software
that is commonplace in the corporate world,
we used the C++ compiler which the stu-
dents were learning anyway as part of the
course. This allowed the lecture to include
the creation and modification of actual pro-
grams, demonstrating the entire act of pro-
gramming as well as general use of the com-
puter. The students could try it, right there
and then.

The standard on-screen arrow controlled
by the mouse served as a pointer, and high-
lighting blocks of text helped focus students’

to be collected over
the IR network in the background. A stu-
dent in the front row was recruited so as not
to tie up the teacher’s machine. Timbuktu
simplified the procedures by automatically
distributing handouts to multiple destina-
tions and by labeling incoming homework
assignments by date and sender. Since the
files in our case remained relatively small
(mostly source code) the network had plenty
of bandwidth for these operations.

Mode 2: Solving Student’s Problems

It was very helpful, especially as we got
things working at first, for a student to be
able to raise his or her hand with a problem.
The teacher then picked the student’s name
from the menu, and in a few seconds the
student’s screen appeared on the big screen.
The student could then show the problem.
Taking control of the student’s PowerBook,
the teacher (hopefully) could solve the prob-
lem, often with the help of others in the
class. The student’s keyboard remained
active as well, sometimes leading to confu-
sion (a situation known as “mouse wars”)
until the etiquette of shared control was
established.

A major advantage of such communal
debugging was that each lesson had to be
taught only once, in contrast to the tradi-
tional method of the teacher walking up and
down aisles solving the same bug repeated-
ly for many students. Communal debugging
allowed the class as a whole to lean over
one virtual shoulder and participate in find-
ing and fixing the bug.

The sudden variation from one student’s
environment to the next was at times dis-
concerting, but overall, this mode was effec-
tive in helping students learn the basics.
However, as the class progressed into learn-
ing the skills of programming, there was
insufficient time to debug everyone’s pro-
gram and another mode was needed.

Mode 3: Building a Shared Project

In the next phase, students were “volun-
teered” to take over the teacher’s computer
one at a time, and to develop new programs
together as a class. This mode seemed to
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focus the attention of every-
one by presenting a more
cohesive and long-term task,
and also because people
knew they could be next.

The “hot seat,” as it was
called, had to be used with
sensitivity for the potential
embarrassment of unpre-
pared students. But, in that
respect it was not much
worse than calling on ran-
dom students in the tradi-
tional classroom. An added
advantage was that students
in the hot seat could try soft-
ware that resided only on
the teacher’s machine.

pp. 145-149.

p. 18.
Mode 4: Student

Demonstrations
In final mode, students
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Present diffuse IR tech-
nology demonstrates suf-
ficient bandwidth to allow
remote screen projection
and keyboard/trackball
control of notebook com-
puters, except perhaps in
the case of rapidly chang-
ing graphics or video.
Even with its speed limi-
tations, infrared technolo-
gy offers an overriding
advantage to schools in
terms of flexibility and
financial savings, by
requiring no physical
alteration of the classroom
itself. W

showed off their successes.
Show-and-Tell was an entertaining and effort-
less way to come up with new material. The
student authors were at hand to explain
their work and receive both glory as well as
constructive criticism on the finer points of
programming and documentation, which
even the most advanced students could use.

Show-and-Tell was useful primarily dur-
ing the final month in the course. Our stu-
dents had created video games with a cus-
tom software library called reality.c, which
provides building blocks for real-time inter-
active simulations using spaceships, planets,
suns, etc. With reality.c the students pro-
duced interactive graphical environments
while learning about physics, mathematics
and numerical methods. Although examin-
ing students’ source code and documenta-
tion in this mode was very useful, the IR
network sometimes had trouble keeping up
with the rapidly changing graphical output
of the programs, when they were actually
run on the students’ machines.

B Conclusions

While computer programming was an
appropriate subject for our experiment, it is
clear that the Paperless Classroom could
also serve well for any subject in which
human-computer interactions capture the
intellectual or creative process. These
already include such endeavors as writing,
architecture, music composition, and the
visual arts, where computers are well estab-
lished tools of the profession. In addition,
more conceptual and information-based sub-
jects such as mathematics, history and geolo-
gy are rapidly undergoing a revolution in
computer-based education, and whatever
software is created to replace textbooks can
be shared effectively in the Paperless
Classroom.
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