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ABSTRACT: An inexpensive light board projection system that enables
lecturers to face the classroom while lecturing is described. The lecturer’s
writing appears in high contrast in front of the lecturer; it is never blocked
by the lecturer, even while writing. The projected image displays both the
writing as well as the lecturer’s gestures and facial expression. The size of
the image can be tailored to the classroom, making the light board equally
useful in small classrooms and large auditoriums. The lecture can be

recorded for later playback.
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Bl INTRODUCTION

Since their adaptation to the classroom in the 19th century,
blackboards have become ubiquitous, primarily due to their low
cost, simplicity, and extreme flexibility.' Nevertheless, black-
boards suffer from a number of inherent disadvantages. When
writing, the lecturer faces away from the classroom, and the
lecturer’s body often blocks students’ view. The blackboard
form factor is limited by human anatomy, making its use poorly
suited to large auditoriums even when oversized chalk is used.
The magnitude of this problem can be appreciated from Figure
la, which shows the view from the back of a 500-person
classroom. Additionally, technology for recording blackboard
lectures, though existent, is unsatisfactory. Finally, chalk is
messy and may induce asthma, dermatitis, and eczema in
sensitive individuals.”™*

Although whiteboards and electronic whiteboards offer some
advantages, they suffer from the same limitation: the lecturer
faces away from the class, often obstructing student view.

Recently, light boards have been developed independently at
Northwestern University’ and San Diego State University® for
studio-based lectures. In these, the blackboard is replaced by a
panel of glass into which light is injected using LED strip
lighting. When the glass is clean, this illumination has little
effect, as the light is totally internally reflected. When
fluorescent molecules are placed in the evanescent field by
writing on the glass with a fluorescent marker, the molecules
glow brightly, an effect commonly seen in fluorescent marker
boards. Alternatively, liquid chalk markers scatter light, giving a
similar effect. If the glass is clear, a viewer looking through the
glass at the lecturer sees both the lecturer as well as crisp, high-
resolution drawings. There is only one problem: the hand-
writing, viewed through the glass, is backward. To correct this,
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Figure 1. Light board in use. (a) View from the back of a S00-person
auditorium. For scale, the lecturer is standing in front of a double-
height mechanized blackboard. One light board projects on the center
screen, while the other projects on the side screens. (b) The lecturer
does not obscure the light board while writing. (c) Projected text.

studio-based light board implementations videotape the
reflection of the lecturer in a mirror or manipulate the image

digitally.
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Although this technique can produce stunning videos, it is
not well suited to the classroom. First, unless the light board is
viewed in reflection (e.g,, with the lecturer orthogonal to the
class’s viewing direction), the students see the lecturer writing
in reverse. Second, a blackboard-size piece of glass is fragile,
expensive, and very heavy. Moving the glass between lectures
would be unwieldy and potentially hazardous. Finally, the
studio-based light boards are expensive, with some costing
$10,000.

B IMPLEMENTATION

We report a simple apparatus, optimized for the classroom, that
can be realized with minimal wiring for about $800 in any
projector- or TV-equipped classroom as shown in Figure 1 and
described fully in the Supporting Information. The lecturer
faces the class, writing with commercial markers on a small
plate of low-impurity glass (e.g, 30 cm X 46 cm X 1 cm)
supported at a comfortable angle (e.g, 35° from vertical). The
lecturer’s image is captured from the backside of the glass using
a tablet computer, such as an Apple iPad. Because front-facing
cameras on tablets are intended for videoconferencing, many
automatically transpose the captured image in the horizontal
plane. As a result, the image on the tablet shows the lecturer
writing normally, not in reverse, even though the camera
images the lecturer through the glass. This image is then
streamed in real-time to a receiver (e.g, an Apple TV using
AirPlay) or connected with a cable, and then displayed using a
projector or television. Optionally, the lecture may be streamed
for online learning”® or recorded for problem-solving” or
tutorial * videos.

During the presentation, the lecturer looks through the glass,
monitoring the image in the tablet’s display as illustrated by
Figure 2. When the students view the projected image on a
monitor or screen, they see the lecturer looking directly at the
class and explaining to them.

This setup has many advantages. First and foremost, the
lecturer’s writing appears in high contrast in front of the
lecturer; it is never blocked by the lecturer’s body even during
writing. The size of the image can be tailored to the classroom,

projector
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Figure 2. Schematic of light board system. The lecturer writes on the
glass with a marker while monitoring the image in the tablet. The
tablet simultaneously captures an image of the writing and the lecturer
(orange field of view), then transmits the image to a projector. The
students, who watch the projected image, perceive the lecturer to be
looking at them.

making the light board equally useful in small classrooms and
large auditoriums. Second and in contrast to overhead
projectors and document cameras, the projected image displays
both the writing as well as the lecturer’s gestures and facial
expression. This allows the lecturer to convey more information
than sketches alone while also engaging students. Third, the
lecturer writes at a comfortable angle and at a comfortable size
while facing and interacting with the class. Fourth, the system is
compact, inexpensive, and easily transportable. Because tablets
were designed for informal videoconferencing, they function
well under low-light conditions, and supplemental lighting is
typically not needed. Fifth, the use of wireless streaming
between the tablet and the receiver enables a very simple
installation. Only a single cable is needed to power the LEDs,
and the tablet runs off battery power. Finally, video recording is
built in to most tablets. Optionally, a switch between the
receiver and the projector enables the lecturer to rapidly toggle
between the light board and presentation software (e.g,
PowerPoint). Although techniques to overlay and annotate
graphics,s’6 such as videos or PowerPoint slides, on light boards
have been developed, these add significant complexity, and
other technologies, such as digital styluses, may be more
appropriate.

In this implementation, the tablet serves four separate
functions: video camera, video recorder, video monitor, and
video transmitter. Most of the simplicity and cost savings of this
system are due to this multiplicity of purpose. In our
experience, an hour-long lecture depletes the battery of an
iPad mini by 15%, enabling multiple lectures between charges.

In contrast to blackboards and studio-based light boards, the
writing surface is not vertical; it is angled away from the lecturer
for two reasons. First, the angle makes writing more natural and
comfortable. The lecturer can rest his wrist against the writing
surface, enabling finer control of the marker and better
handwriting. Second, the angle reduces students’ view of the
back of the glass, avoiding the cognitive dissonance engendered
by backward writing.

Student response to the light board has been very positive. In
comparison to a standard double height mechanized chalk-
board, the large size of the light board’s projected image makes
the lecturer’s writing easier to see from the back of the
classroom and from the balcony. To approximate the screen
space available on a double blackboard, two light boards are
placed side by side, with one projecting to a center screen and
the second to two side screens as seen in Figure la. The
lecturer can alternate between the boards, which allows ample
time for student note-taking between erasures.

M CONCLUSION
In the future, the light board might be superseded by a large-

screen tablet equipped with a stylus and front-facing camera;
however, there are currently technical limitations to this
approach. Though some artists have produced images with
exquisite detail on a tablet, many people have found that
current technology leads to unacceptable handwriting degra-
dation, although some report success with simple annota-
tions.'""? In addition, many find that the screens on tablets are
too small to effectively replace a blackboard.
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A description of the apparatus, implementation notes,
and a cost estimate (PDF)
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