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ABSTRACT

Systems allowing instructors to write on top of electronic
slides with digital ink are becoming widely available. The
combination of high quality projected images and rich ink

o ers new levels of expressivenesswhile the ability to dy-
namically add ink to prepared content opens up new ped-
agogical possibilities. As early adopters of new technology,
many computer scienceinstructors are using, or are consid-
ering using such systems in their classes. Yet as with all

new technologies, the use of these systems is not without

risk. In this paper we oer advice to new and potential

users based on our extensive personal use, detailed review
of video archives, classroom obsenations, and discussions
with and surveys of a large number of students and instruc-

tors. Our goalsin this paper are to help new usersavoid the
most common pitfalls we have observed and to alert them
to many of the exciting pedagogical possibilities.
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1. INTRODUCTION

There is growing use of systemsthat augmert slide based
presertation with digital ink. In these systemsan instructor
delivers a lecture from a pen computer such as the Tablet
PC, writing on top of the slides with digital ink. The slides
and ink can be displayed to the classwith a data projector,
transmitted to student devices, or showvn at remote sites.
The motivation for using such systems is to gain benets
of both electronic slides and handwriting. Electronic slides
allow for high quality digital materials which can be conve-
niently shared and reused. For Computer Sciencecourses,
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Figure 1: Integrated use of ink and slide content

computer-based presertation hasthe further advantage that
other software applications such as developmert environ-
ments or web browsers can be brought into the lecture.
Handwriting is important becauseit allows for spontaneous
introduction of material, breaking away from the scripted
e ect of slide basedlectures. The ability to intro duce writ-
ten material is particularly important when interacting with
the audience and controlling the pace at which material is
introduced. Figure 1 shows an example where an instructor
drew an array and a link ed list to make a point about spatial
locality.

There are many di eren t systemsavailable for integrating
slides and digital ink. The Classroom 2000 system [1] pio-
neered the use of digital presertation materials with slides
and handwriting. There have been a series of academic
projects which have developed Tablet PC basedpresertation
systemsincluding Classroom Preserter [2], DyKnow [3], and
eFuzion [7]. Commercial applications such as PowerPoint,
OneNote, and Journal can also be used from the Tablet PC
for preserting slides with digital ink. These systems share
the same basic model: a layer on top of slides that can be
written on with digital ink. For the purposesof this paper,
the choice of underlying system does not matter - most of
the advice will carry over acrosssystems.

In this paper, we give advice to help instructors be most
e ectiv e preserting digital ink-based lectures. Our advice is
basedon signi cant obsenation and study of these systems.
We have been involved with a large number of coursesat
multiple institutions that have useddigital ink on electronic
slides, and we have also spent hundreds of hours reviewing



digital archives of classesto seehow instructors have used
digital ink in lecture. All of the examples and gures in
this paper are taken directly from this experience with ac-
tual lectures delivered to Computer Science courses. Our
main goal is to provide useful information on how to use
this technology in the classrcom.

There are a broad range of technologiesthat support hand-
writing for lecture presertation. Theseinclude conventional
blackboards and whiteb oards, overhead projectors, image
projectors, electronic whiteb oards and computer projection.
Although these all provide facilities for writing, there are
signi cant di erences where the various technologies make
somethings easier,and somethings more di cult.  The tech-
nologies dier both in their direct support for writing, and
their broader impact on the classracom environment. Quali-
ties of di eren t technologiesinclude: ability to include other
presertation material, archiving, redisplay of writing, qual-
ity and color of ink, sizeof writing area, resolution of writing,
easeof writing, direct versusindirect writing surface, point-
ing mechanisms, orientation of preserter to the audience,
range of motion allowed by the instructor, reliabilit y, porta-
bilit y, and cost. With a list of this length, there is clearly no
best presertation technology, and the choice of technology
can be challenging. An instructor is charged with the task
of using a presertation technology to the maximal education
benet of his or her students. We are providing advice on
one particular technology with which instructors are start-
ing to experiment in the classroom with the hope of sharing
what we have learned and promoting better use of teaching
tools.

Many good books describe best practices in university in-
struction. McKeachies's Teaching Tips [6] is an excellert
example that givesadvice on topics ranging from preventing
cheating to leading group discussions. Much of the advice
in these books seemsobvious { although we can all iden-
tify instructors who ignore or are unaware of this advice to
the detriment of their teaching. An example of the type of
advice that occurs in these books, from Bligh [4] is:

Practice writing at the top of the board and at
the bottom. Shoulder movemerts are di cult at
the top. Writing with bent kneesand back at the
bottom can be tiring. If your line of writing goes
up or down, you probably needto move your feet
to a more comfortable position.

These books are invaluable to both novice and experienced
teachers. First of all, the majority of the advice in these
booksis right on the money, and second,reading thesebooks
leads to re ection on teaching, seeingone's strengths and
weaknesses.In this paper, we are preserting analogous ad-
vice on digital ink based pedagogy Although someof it is
obvious (at least in retrospect), we believe it is valuable to
identify the best practices and risks in using a new technol-
ogy in order to facilitate its adoption.

In the remainder of the paper we presert seweral guidelines
for the useof digital inking systems. In Section 2 we describe
speci ¢ techniques for using digital ink clearly. In Section 3
we addressdesigning presertations to take advantage of ink.
In Section 4 we give examples of deliberate use of ink to
convey information. In Sections5 and 6 we caution the user
against seweral of the pitfalls we have obsered in deploying
the new technology and in interacting with the audience
when using the technology, and then concludein Section 7.

2. FOCUSON CLARITY

Using digital ink in lecture opensup new possibilities in
terms of both expressivenessand exibilit y in presertation.
However, using this new power e ectiv ely requires attention
to a number of details in order to ensurethat the presen-
tation is fully comprehensible. In this section we describe
seweral of the most critical factors we have observed in use
of these systems.

2.1 Legibility

Information must be legible in order for students to gain
anything from it. The obvious advice is to write asneatly as
possible, although the excitement of teaching and the goal
of concertrating on the audience can make this hard to do.
Understanding some of the speci ¢ challengesof writing on
a Tablet PC can help improve legibility. There is variation
between Tablet PCs, soif there is an opportunit y to choose
betweenmodels, it is advisable to determine which supports
the easiestwriting. Di erences between Tablet PCs include
the size of the screen,the feel of the pen, the slipperinessof
the screen,and viewable angle. Note that Tablet PC pens
are generally interchangeable (as of Summer 2004, almost
all Tablet PC's are using the same digitizer). Sometimes,
it can be dicult to align writing becauseof parallax and
other digitizer issues.

Screenreal estate is an important issue. The writing area
on a Tablet PC is lessthan on a classroom sized whiteb oard
which limits the size of things that can be written and the
amount of material that can be left up for students. The
writing size is generally limited by the size of the instruc-
tor's handwriting, not by the number of pixels, so a Tablet
PC with a larger physical screenmight be preferable to a
smaller physical screen{ even if they have the samenumber
of pixels.

One thing that is important to do is to plan writing in
order to avoid running out of space. It is not unusual to run
into a margin when writing - perhaps becausewriting on a
Tablet PC tends to come out larger than writing on paper.
The recursion example in Figure 4 has some of the writing
running into the margin.

2.2 Color usage

The choice of ink color is made primarily for contrast,
either with the slide background or with other ink. It is
desirable to have the ink color contrast with the slide text
color as well, in order to make it easyto identify ink anno-
tation. For example, if the slides are black text on a white
background, blue or red might be good colors for the ink.
A blue background with white text and yellow ink can be
e ectiv e.

Care needsto be taken to make sure that ink colors con-
trast with the slide background. We have obserned many
instanceswhen the slide background changes(say from blue
to white), and the instructor continuesto usethe samecolor
which is almost invisible on the new background. (Students
may not notice the new ink, and consequenly say nothing).

Choosing colors for contrast can be tricky. One thing to
keepin mind is that the sameRGB colors can appear very
dierent on dierent devices and viewing situations. For
example, di eren t viewing anglesof a LCD can make green
look black. We have seencolors which were very easyto see
on the Tablet PC, but almost disappeared when displayed
with a data projector.



Figure 2: (a) is a base diagram used in a discussion
of multiple inheritance. (b) shows the result after
many dieren t points had been illustrated on the
same diagram.

A cute trick that someinstructors have usedis to inten-
tionally use an ink that matches the slide background, to
erasecontent on the slides. An instructor who used a blue
background discovered that the blue pen was perfect to use
to erasemistakeson his PowerPoint slides, sothat he could
then correct them with ink.

2.3 Clutter

A number of problems emergewhenink is cluttered. First,
when ink is overdrawn, the new ink is not distinct from the
old. The Tablet PC ink is solid, so multiple strokes of the
same color merge. Common patterns have been obserned
where an instructor will make multiple underlines close to-
gether (e.g., underlining both terms and variables) but the
separatemarks are not visible to the viewers. Another prob-
lem with clutter is that it can becomedicult to nd the
new ink as a viewer. This is especially the casewhen the
marks are made in areasthat already have writing.

An additional causeof clutter is when one slide is usedto
convey many dierent points. For instance, in one lecture
the same basic diagram of diamond inheritance shown in
Figure 2a was usedto illustrate nine distinct points, leading
to the confused state of Figure 2b.

One solution to the clutter problem is a periodic clean
up of the slide. Many instructors will eraseall the ink on
the slide when it starts to be cluttered. For instance, we
observed one instructor who cleaneda slide up to ten times
during the discussion. This technique can be e ectiv e, as
long as there is no ink on the slide that needsto be saved.
This doesnot work if there hasbeena diagram created with
ink, and the instructor wants to remove the attentional ink
from it. Unfortunately, it is often dicult to selectively
erase ink strokes to clean up a diagram. However, some
Tablet PC pensinclude a button on the eraser end of the
pen that can greatly simplify this process,when supported
by the presertation software.

Color can be usedto mitigate the e ects of clutter. When
things get too messya new color can be used. This allows
new attentional marks to be distinct from the older ones.
However, after the second color is introduced, additional
colors do not have much added bene t.

2.4 Pacing

One advantage of writing is that it leads to displaying
material at a rate that is comprehensiblefor students, both

Figure 3: Slides designed for ink use: (a) Collectiv e
Brainstorm (b) Template for demonstrating a writ-
ing system (c) Graph drawing (d) Space to answer
question

for listening and for note-taking. This advantage is often
stressedby blackboard style instructors. It isimportant that
writing remain visible long enough for students to compre-
hend the ink. A common mistake in a slide basedlecture is
to change or erasethe slide immediately after writing has
been completed.

3. PLAN FOR INK USE

While digital ink presertation systemscan be used with
slides that were originally designed for other presertation
mediums, such use does not take best advantage of these
systems' capabilities for the intro duction and dynamic mod-
i cation of content. This section describes seeral issuesre-
lated to designing slides speci cally to support ink use in
lecture. Figure 3 shows examples of seweral slides designed
for ink use.

One key design issueis leaving adequate blank spaceon
the slides for inking. We have observed many examples
where an instructor wanted to add a diagram to a slide, but
the small amount of space available resulted in a diagram
that was very cramped and hard to understand. Instruc-
tors needto anticipate where inked diagrams will be useful,
then allow ample spacefor such inking along with any ac-
companying attentional marks or clari cations. In addition,
pre-created diagrams needto be large enoughto enable the
instructor to easily write inside of them.

A secondaspect of leaving spacerelates to allowing ade-
quate room for student note-taking. Frequertly, instructors
with prepared slideswill distribute handouts with small ver-
sions of ead slide for such note-taking. Typically, students
can write smaller on such handouts than an instructor can
write with digital ink, so recording basic inking is not a
problem for students. However, the instructor has the ad-
vantages of being able to re-use slide spaceby erasing and
of being able to use contrasting colors. These options may
not be available to most students. To ensurethat students
have adequate space for note-taking, it may be necessary
to split material acrossmultiple slides or to leave adjacent
slides blank.

Regarding note-taking, we have also observed seweral in-



structors who intentionally omit key words, phrases, or re-
sults from their slides in order to Il in the \answers" for
these quantities during lecture (seeFigures refs:reaand 3d).
When paired with handouts of the slides, this approach is
consistert with the philosophy of using \guided notes" [5]
and researth has shown leads to improved student recall
[4]. This practice enables instructors to solicit these an-
swers through classrcom discussion as time permits, and
helps to ensure that students remain attentive during lec-
ture (writing down sudch answers) even when slide handouts
have been provided. Some systemsfor digital ink preserta-
tion, such asClassroom Preserter, permit instructors to add
notes to their slides that only appear on their Tablet PC,
not on the version that is displayed to the class. Such notes
are an excellert way for instructors to remind themselves of
the precise phrasings and results that they wish to use for
such answers.

Instructors can also design slides to foster other kinds of
discussion (or to remind them to start such discussion). For
instance, a slide might include a blank pair of axesfor dis-
cussing and graphing some quantity (Figure 3c), or seweral
blank columns for brainstorming/comparing dierent ap-
proaches (Figure 3a). Alternativ ely, instructors might usea
standard symbol (such as a picture of a brain or a question
mark) to indicate points where discussion would be help-
ful. Such prompts also serve to remind the instructor to
not focus only on the technology but to foster classrcom
interaction.

4. USEINK TO CONVEY MEANING

One important use of ink is to make connections between
speed and content. Ink can draw focus to the current for-
mula and diagram, and can signi can tly aid comprehension.
In addition, sudh ink can be usedto resolve deixis in speedh
(e.g., circling the variable x, when saying \this variable").
It is very important to make sure that the ink remains clear,
so that the viewer can seewhere the ink is and it does not
obscure slide content.

There are also many opportunities for ink that not only
draws attention but also adds extra meaning to the slide.
For instance, we have frequently observed that lecturers will
make a brief ink jot next to ead item in a bulleted list that
they are discussing, but somego further. For example, one
instructor added sequerial numbers next to ead point in a
list asit was discussed,in order to emphasizethe multiple
typesof items. Other such informational markings we have
seeninclude the use of exclamation marks to emphasizethe
imp ortance of a point, and the use of plusesand minusesto
note the relative merits of di erent points.

On the negative side, we have also obsened situations
where purely attentional marks bewilder the audienceby un-
intentionally conveying additional meaning. For instance, if
a horizontal dash sometimes conveys \negativ e" and some-
times is just an attention jot, students may be confused.
Lik ewise, instructors needto be careful that arrows and at-
tentional markings are not mistaken for letters or numbers.
Such pitfalls can be avoided partially by planning ahead
with slide design, and partially by periodic re ection during
the lecture.

Ink can also convey meaning not only with its shape, but
also with its color. We've previously discussedthe impor-
tance of ink having good contrast with other displayed ma-
terial, and a change of colors can be used to emphasizedif-

Figure 4: Color used to distinguish between dier-

ent phases in recursion

Figure 5: Color used to show corresp ondence be-
tween a list and a cell represen tation

ferent points. In addition, instructors sometimes use dif-
ferent colors to represent dierent kinds of information or
activity. Figure 4 shows' an example where an instructor
diagrammed unrolling of a recursive function call by draw-
ing a dierent state box for eac function call, then used a
dierent color to separate activities that occurred asthe re-
cursion deepened and as it unwound. Likewise, the slide in
Figure 5 usedcolor to assaiate di erent groups of list cells,
with the inner most green node corresponding to the green
cell, the middle red node corresponding to the red cell, and
soon.

5. PREPARE FOR NEW TECHNOLOGY

It is essetial to becomefamiliar with the technology be-
fore the start of class, to minimize disruptions caused by
technology. Instructors often underestimate challenges in
deploying a new technology in the classrcom. In classes
we surveyed where there were negative reactions to digital
ink presentations, the predominant complaint was that the
instructor had trouble with the technology. The survey re-
sponsesincluded:

The setup and unreliabilit y assaiated with the
system contributed signi cantly to lost classtime.

YFigures 4 and 5 were originally in color, but in a printed
copy may not convey full information.



It was somewhat distractiv e in that our instruc-
tor wasjust learning the system - other than that
it could be a very e ectiv e tool oncethe instruc-
tor learns how to e ectiv ely useit.

In our experience, we have separated technology prob-
lems into breakdowns and fumbles. Breakdowns are when
the technology is not working and class can not proceed.
Fumbles are short term interruptions which break the ow
of the class. The cost of breakdowns is a loss of instructional
time, while the cost of fumbles is to draw attention to the
technology and distract the classfrom course content. De-
lays at the start of classbecauseof dicult y in set up can
be consideredas a type of a breakdown. A fact of academic
life is that breaks between classesare very short. To ensure
that setup is donein atimely manner, it is necessaryto plan
out how the setup will be done, and possibly arrange for as-
sistance. In-class breakdowns depend on the complexity of
the setup and maturit y of the system. A few breakdowns
and disruptions will be tolerated by students, but regular
failures that disrupt the coursewill be noticed. In the worst
case, the instructor must be willing to fall back and use a
di eren t technology.

One of the keysis to gain familiarit y with the technology
beforethe start of the course. It isimportant to run practice
sessionswhich are the full length of a class and not just
a few minutes, since there are some problems that appear
only after an extended period of time, for example, a screen
saver may come on or the machine may go into a power
save mode. (A particularly embarrassing failure occurred
with a password protected screen saver and an unknown
password). It is necessaryto practice the set up procedure
a number of times, and understand the range of things that
can go wrong. Advance experience with the presertation
device (such asa Tablet PC) is alsoimportant in order to be
able to recover from unexpected events and to avoid various
fumbles. For instance, Tablet PCs generally allow the screen
to bein landscape mode or portrait mode. Once, one of the
the authors accidertally rotated from landscape to portrait
mode by hitting a button on the side of the Tablet PC, and
did not know how to rotate it back (causing the image to be
displayed sideways on the public display). Other Tablet PC
related problems that have been obsered in classinclude
hovering penstriggering unforeseenactions and background
processesinterpreting pen motions as gestures. On some
convertible Tablet PCs, changing from laptop con guration
to slate con guration can have unexpected side e ects such
as changing the screenorientation or altering power settings.
One issueto mention (which is not Tablet PC specic) is to
ensurethat there is an adequate battery or accessto power
and an adapter cord available. Finally, more than once we
have heard of instructors forgetting the Tablet PC pen. One
option is to anchor the pen to the Tablet PC; another is to
purchasean extra pen.

6. ENGAGE THE AUDIENCE

A risk inherent in using new technology in the classraom
is that the technology becomesa distraction rather than
a complemert. Recovering from breakdowns quickly and
becoming familiar with the technology is one aspect of ad-
dressing this problem, but another is for the instructor to
consciously maintain focus on the audience. In particular,
when delivering a lecture from a pen based computer there

is a temptation to look at the computer instead of the au-
dience. The problem is not specic to this technology |
it is common to seeinstructors talking to the blackboard,
or to the PowerPoint slides on the laptop. However, we
have obsered this asa common issuein lecturing from the
Tablet PC, and the form factor of the device exacerbates
the problem. If the tablet is lying at, the viewing angle is
much greater than for a laptop, sothe eye gazeproblem can
be worse. Direct manipulation of the screenalso can con-
tribute to the instructor not looking at the audience. The
best practice is to conscieniously look at the audience, and
be aware of the risk of focusing on the Tablet. Another ac-
tion that can help is to periodically move away from the
Tablet. Some instructors use a style where lecturing from
the Tablet is intermixed with pointing at the screen.

One opportunit y that this technology may provide is to
allow the instructor to be mobile while lecturing. For in-
stance, somecon gurations allow the instructor to hold the
Tablet PC while it is connected wirelessly to the projector.
Someinstructors take advantage of this to move around in
the class. One nice example of how this can be used to
increase student engagemen is when instructors take the
Tablet PC into the audiencein the style of a TV talk show
host and allow students to write directly on the Tablet PC.

7. CONCLUSIONS

Good teaching is not about technology, it is about in-
teracting with and conveying information to an audience.
Presertation technology plays a supporting role in this, but
should not getin the way. As a growing number of computer
scienceinstructors begins experimenting with systems that
support slides and digital ink, we hope to aid these new
users by reporting the results of our extensive obsenation
of use of these systems. In this paper we have outlined a
number of best practices for the use of digital ink in lecture
in the hope that these guidelines will help new users avoid
the most common pitfalls and alert them to the pedagogical
possibilities available with these systems.
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