







































































































































































The ability to concentrate on building specific application
functionality, rather than reinventing all of the code to implement a system-
wide look-and-feel is one of the major contributions of PenPoint’s application
framework and universal application. However, there are additional benefits.
Because the standard look-and-feel is only implemented once, PenPoint
applications show an extremely high-level of consistency. Because every
application is based on the app framework, new building blocks that fit into the
app framework paradigm are immediately useable by a large number of
application developers. As well, because all PenPoint applications are derived
from the rich application framework, they are typically much smaller than
those found in traditional operating systems. Small applications are extremely
important for pen computers, which typically have limited amounts of
memory compared to desktop machines and may not even contain a hard disk.
This paradigm is very different than getting the source code for a skeleton
application and editing it for your specific use. With that strategy, each
developer modifies the original skeleton, and each derivation tends to diverge
from the original and incorporate more errors. Because there is only one
application framework, PenPoint guarantees that the universal application that

you start with will always be most current.

Additional PenPoint Features

Just as it has an application framework for end-user applications,
PenPoint provides a service framework for embedded services such as
networking and connectivity services, device drivers, handwriting recognition
services, etc. Again, rather than writing a device driver or a network protocol
from scratch, PenPoint provides complete working classes that can be subclasses
for your particular application. Many of the nitty-gritty elements of device
driver writing, for instance, are not specific to a given device, but are highly-
generalizable; these are incorporated in the service framework, so that the

device driver writer can simply use them, rather than invent them from scratch.

Summary
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Pen computing needs a new operating system because it is trying to first
and foremost make computing much, much easier for the end-user. Pen
computing requires more consistency, smaller size, more directness, and more
complicated processing (handwriting and gesture recognition for instance) than
desktop computing, since one of the largest markets will be people for whom
desktop computing was too complicated and arcane.

At GO, we took the opportunity to help the end user as our first
mission, and in doing so, discovered that one of the best ways we could help
that end user was to make life as easy as possible for the application developer.
Only if application developers have the tools from which to build familiar,
accessible, and highly functional natural applications, will GO truly be able to
meet our goal for the end user. PenPoint’s goal is to set a new standard, for
both the use of and the development of truly pen-centric applications by
providing system-wide objects, a rich class substrate, an object-oriented

application framework, a universal application, and a service framework.

#H#

The GO and PenPoint logos and names, EDA and ImgePoint are trademarks of GO Corp. All
other marks are trademarks or registered trademarks of the manufacturers with which the marks
are associated.
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Introduction

Now that pen-based products are becoming a reality outside of research
setings, the features and capabilities of handwriting recognition systems have
moved from the laboratory to practical application.

GO Corporation has invested heavily in the development of a powerful
general-purpose handwriting recognition system. GO also has developed a
research program chartered with developing “real-world” metrics and methods

to evaluate the performance of the system for a wide variety of tasks.

The following sections will discuss GO’s handwriting recognition
system and describe the metrics and measurements involved in assessing
handwriting recognition technology. Also examined is the impact that an
effective dialog between applications and a handwriting recognition system has
on the usability of applications.

Finally, this paper will address the larger issue of how handwriting
recognition technology relates to GO’s strategy for pen computing which seeks
to open a new method of computing to a new class of users.

Evaluating the Capabilities of Handwriting Recognition Systems

The following are criteria that should be considered when evaluating
handwriting recognition technology.

Symbols recognized. Does the system recognize only upper case

characters and numbers (36 symbols), or does it also recognize lower case
characters (a total of 62 symbols)? How many punctuation characters does it
recognize?

GO's handwriting recognition system recognizes 25 punctuation
symbols in addition to upper and lower case letters and numbers for a total of
87 symbols.
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Segmented versus unsegmented inpyt. Is the system capable of

computing breaks between letters or are users required to write in boxed or
combed fields to indicate letter spacing? Is the system capable of computing
spaces between words, or is the user required to write a special space character

or skip a space in a boxed or combed field to indicate word spacing?

GO’s handwriting recognition system can compute both letter and
word spacing; users do not need to write a special space character or write in
boxes or combs to indicate letter and word spacing. However, users may write
in boxed or combed fields if they want to, to help maintain consistent spacing.

Flexibility of writing style. Can the system recognize a wide variety

of printed forms for each character, or must users print characters in one or more
standard ways? Are script forms of characters recognized? Can characters
overlap or connect to each other without the pen being lifted? Can script
handwriting be recognized (all characters connected)? Can a mixture of
disconnected and connected characters (script and printed characters) within a

word be recognized?

GO’s handwriting recognition system recognizes a wide variety of
printed forms for each character. Users can also train the system to recognize
new shapes, see below. The system also recognizes script forms of characters.
GO’s system tolerates some overlapping as well as connected characters,
although better recognition is obtained if characters are clearly separated.
GO’s current system does not recognize continuous script or mixed script and

printed forms of writing.

Customization. Can users customize the handwriting system to
recognize their particular idiosyncratic shapes or methods of forming
characters? If the system can be customized (or trained), is this required before
the system can be used, or is it optional? What is the user interface for this
customization process? Can more than one user store his or her individually

customized recognition engine on the system at the same time?

GO has more than one handwriting recognition engine, and it is
important to note that although not all engines may be customizable, at least
one engine is available which users can customize to recognize their

idiosyncratic shapes or forms. This is optional, not required, as the system is
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usable for most people prior to using the customization application. The user
interface for customization prompts users to write specified sentences, and
learns how the user writes individual characters in the context of words and
sentences. In addition, users can choose to focus on customizing only specific
individual characters. More than one customized recognition engine can reside

on each computer, and users can easily switch among them.

Gestures. Can the handwriting recognition system recognize a wide
variety of symbols and shapes as gestures, or command accelerators?

GO’s handwriting recognition system recognizes over 50 gestures.
Eleven of these gestures are "core” gestures which deliver the most important
functionality and which have the same basic meaning across all applications
(similar to the standard application menus featured in other GUIs). The
additional gestures can be thought of as optional accelerators similar to

keyboard accelerators used in many applications.

Flexibility in writing size. Can users write in different sizes, or is the

system limited to characters written within a narrow range of heights and

widths?

GO’s handwriting recognition system is capable of recognizing writing

over a broad range of height and width.

Stroke order independence. Is the system capable of recognizing

strokes out of sequence? For example, can users dot their “i”s and cross their
“t”s at the end of a word, or on a previous word, or must they complete each
character before writing the next?

GO’s handwriting recognition system recognizes strokes that are added
to characters out of sequence, either at the end of a word, or even on any previous

word in the entire input line.

f handwriting user interface. Does the system allow
users to vary the features of the input pads that they write into? Can users choose
between ruled lines and boxed or combed fields? Can users vary the line height
or the height and width of boxes or combs? Can users write in multiple lines?

Can users vary the number of lines or rows in the writing pads?
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GO’s handwriting recognition system allows users to vary all of these
features of writing pads.

re recognition in writin s. Is the system capable of
recognizing and responding to gestures in writing pads (in the same space and at
the same time that characters are also being recognized)?

GO'’s system recognizes certain gestures in writing pads and
distinguishes them from text. For example, users may “scratch-out”
handwriting before initiating recognition in order to avoid having the system
attempt to translate certain letters or words. In addition, characters in boxed
or combed fields may be deleted, or extra boxes or combs can be added with

gestures.

Flexibility of user interface for error correction. Does the system
allow users to determine when to recognize or translate handwriting? Can users

defer the recognition process indefinitely? Can multiple writing pads or input
fields be simultaneously left in such a deferred translation mode? When the
user does initiate recognition, does the system provide choices for how the
results of the recognition are presented for verification and correction? Or is
there only one user interface that all users must use regardless of the accuracy
rate that they achieve? Does the system enable users to choose the symbol that

will be displayed when it is unable to recognize a particular character?

GO’s handwriting recognition system provides a flexible user interface

for error correction in each of these respects.

Support for upper case-only writers. Does the handwriting

recognition system enable users to write in all upper case letters and
automatically convert the characters to lower case after recognition? If so, does
it do so intelligently, taking into account which characters should remain upper

case, or does it force all characters to lower case?

GO’s handwriting recognition system uses heuristics to enable users to
write all upper case characters and have them intelligently converted to lower

case, preserving upper case when appropriate.
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Speed. How fast does the handwriting recognition system recognize
characters? Does the recognition proceed in the background, or does a majority

of the computation take place after the user initiates the recognition process?

GO’s handwriting recognition system recognizes characters at the rate
of about 3 chararacters per second. The recognition proceeds in the background
in multiple line writing pads, so users rarely experience delays longer than the
time required to recognize one line (2-3 seconds), regardless of the amount of
writing in the pad. This is an advantage of PenPoint's true multitasking

architecture.

GO User Research: Metrics and Methods

GO’s research has discovered that there are four topics that are very
important to end-users of pen computers that have not been systematically
measured or reported by vendors of handwriting recognition systems. The
User Research Group at GO has worked extensively with the engineering team
for over two years (since 1989) to design and implement improvements to the

performance of the system in each of the following areas.

First, users are concerned about the acceprability of the handwriting
recognition system's performance when writing sentences and paragraphs of text

(as opposed to just short strings of characters in form fields).

Second, users want the methods used when gathering system
performance data to be realistic and representative of typical (not ideal)
performance.

Third, users are concerned about the acceptability of the total time

(including error correction) it takes to complete a writing task.

Fourth, developers of applications making heavy use of data entry fields
(like those found in forms) need to know how the handwriting recognition
system will perform when users are given various constraints on valid input
(e.g., fields that accept numbers only, or fields that accept only certain upper
case characters).
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Metrics for writing sentences and paragraphs of text

Users’ acceptance of handwriting recognition accuracy in this context is
related much more to word-level accuracy (the percentage of words translated
correctly) than it is to the percentage of characters translated correctly. sample
1 shows a paragraph of text with some recognition errors. When asked to rate
whether this level of accuracy would be acceptable, no users say that it would

be, and most guess the character accuracy rate to be between 60% and 75%.

Sample 1. Handwriting Recognition

Mg bvss at Wilcox Resegreh spoke rery kighly of
yoyr cofpany and hecomkended that | aet in
tuuch with yau. | am cuvrently looktng for a
senior mariceting position in a grouth ofiented
high teoh somgany. | dould be very tnterested in
kearpng your pefspeytive on the ibdustry tnd
which negmehts are vffering good carefr
oploortunities.

Compare this to Sample 2 on the following page, which almost all
users rate as acceptable, and most guess that the character accuracy is between
90% and 95%. In fact the two paragraphs have exactly the same character
accuracy rate (300/333 = 90% correct) but widely different word-level
accuracy. Figure 1 has a 50% word accuracy rate (28/56 words correct) because
the individual character errors are distributed almost evenly over many words.
Figure 2 has a much higher 91% word accuracy rate (51/56 words correct)

because the errors tend to cluster together in words.
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The difference between character-level and word-level accuracy is
important when evaluating handwriting recognition systems because two
systems that have similar levels of character accuracy can have widely different

levels of word accuracy.

Sample 2. Handwriting Recognition

My boss at Wilcox Reseaneh spoke very highly of
your company and recommended that | get in
touch with you. | am cnenerfig looking for a
senior marketing position in a growth oriented
high tech company. | would be very ehfoncofca in
hearing your perspective on the industry and
ynlan segments are offering good ednoon
opportunities.

Figure 3 on the following page, illustrates the relationship between
word accuracy and character accuracy for 75 samples of handwriting
recognition that GO has observed in measuring early versions of its handwriting
system and other systems currently available (each of the 75 samples represents
a different user writing over 1300 characters). It is clear that high character
accuracy rates do not guarantee high word accuracy rates. Many times, systems
with approximately 90% character accuracy rates produced relatively low
word accuracy rates (between 50-70%).

This level of performance is typical of handwriting recognition systems
that focus primarily on the recognition of individual isolated characters and do
not make effective use of dictionaries and/or other information about the

relative frequencies of combinations of letters.

GO's User Research Group has published a detailed technical report
describing some of our research in this area. This repor, titled " Evaluation of
Handwriting Recognition Technology: Word-level vs. Character-level Accuracy” was
presented at the 35th annual meeting of the Human Factors Society (1991) and
is available from GO upon request.
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Figure 3.

The Relationship between word-level accuracy and character-
level accuracy in 75 samples of handwriting recognition.
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(each observation is 18 sentences, 1300+ characters)
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GO’s User Research program has also determined that users’ acceptance
of handwriting recognition systems is strongly affected by how easy it is to
correct words. GO’s recognition system provides users with a list of
alternatives for each word, so many words can be corrected simply by tapping
on the correct word in a list. Other words can be corrected simply by writing
over one or two characters. When users are faced with more than one or two
errors in a word, and can't choose the correct word from a list, they typically
choose to rewrite the entire word. Another important metric therefore is the
percentage of words that users will rewrite versus the percentage of words that
can be corrected with a simple edit.

Finally, it is important to measure and report the variance in users’
accuracy rates. How much better than average do some users do, and how much
worse than average do others do? It is useful to know the standard deviation of
the mean (a statistical measure of variance) or to know what the average of the

top 50% of users is as well as the average of the bottom 50%.

Methods for measuring typical performance

Users’ acceptance is determined by their own experience with the
system. In order to predict the level of acceptance a system will have, it is
important to test it and obtain metrics that are representative of typical users’
experiences. The three most common ways in which handwriting recognition
systems are measured with inappropriate methods are by using test subjects that
are not representative of typical users, by using test materials (samples of
Writing) that are not representative of the material that typical users will
usually be writing, and by using levels of practice before measurement that are
not representative of typical use.

Samples of subjects used to test handwriting systems are often biased
towards younger and more highly educated users. When interpreting test
results, it is important to know the ages and educational backgrounds of the
subjects. Sometimes systems are measured with samples of writing that
contain only dictionary words, or that contain little if any punctuation.
However, normal business writing includes punctuation and many words not
usually in a dictionary, and this should be taken into account. Sometimes the
accuracy of systems is measured after subjects have been practicing for weeks or

GO Corp. * PenPoint Handwriting Recognition Technology * Page 9



months with the system, or only after they have extensively adapted their
handwriting style. When evaluating results, it is important to understand

exactly how much practice and/or training subjects in a test have had.

Metrics for total time to write

Users’ acceptance is affected greatly by the total amount of time it
takes to write a given amount of text. Thus, research data should include the
time to write, the time for the system to translate the handwriting, and the
time it takes the user to correct any recognition errors. The user interface for
writing pads (areas of the screen that accept handwriting) has a large impact on
writing time. For example, pads that require writing characters in segmented

boxes typically result in increasing writing time by about 25%-30%.

Similarly, the user interface for error correction has a large impact on
the time required to correct errors. One system may have a lower accuracy rate
than another yet be strongly preferred by users if the total amount of time to
enter, translate, and correct text is lower. A complete suite of metrics should
include these time measurements in characters per second and words per
minute.

Metrics for writing in fields with constrained input

Character-level accuracy data should always be reported in conjunction
with the size of the symbol set the recognition was being constrained to. These
metrics are important to understand when designing applications involving
large amounts of data entry into fields. What is the accuracy rate for numbers
in a field that accepts numbers as well as upper case and lower case letters (62
symbols)? What is the rate in a field that accepts only numbers (10 symbols)?
Similarly, what are the accuracy rates for upper and lower case letters in fields
where 62 symbols are valid, and how does it compare to fields in which only
26 symbols are valid?
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Accuracy of GO’s Current Handwriting Recognition System

The following information was obtained from a series of studies done
on internal releases of PenPoint and GO’s handwriting recognition system in
the Spring and Summer of 1991. The dara reflects improvements made to the
system after the Developer Release of PenPoint (February 1991). The data
does not reflect improvements that will be made to the system prior to the
release of PenPoint 1.0.

Not all metrics are collected in each study, therefore some of the
metrics below are expected to improve more than others as they are measured
with the latest versions of GO's handwriting recognition system. An update of
all the metrics will be presented upon the release of PenPoint 1.0 (scheduled
for first quarter 1992). In the meantime, the latest test data and analyses are
available from GO upon request.

Methods

Subjects. 11-14 subjects were recruited for each of these studies by a
temporary employment agency in the San Francisco area. Roughly half were
male and half were female; about one third were between the ages of 20-25, one
third between 25-35, and one third between 35-45; about one third had 0-1
years post secondary education, one third had 2-3 years, and one third had 4 or
more years.

Materials. For word-level metrics, subjects wrote sentences of text that
had been randomly selected from letters to the editor of a major business daily
newspaper. The sentences contained punctuation, and names of people,
companies, and products that are not in the system dictionary. For field data
entry metrics, subjects wrote name, address, and part number fields to obtain

metrics for various levels of constraint (size of symbol set).

Practice/Training. Subjects spent two consecutive half-days in a group
training session (1 instructor, 5-7 students) that was modelled after a typical
corporate training session. About 1 hour was spent gather pre-test or "walk-up”
accuracy dara, about 2-3 hours were spent practicing and/or customizing
(depending upon which engine was being tested), about 1 hour was spent

GO Corp. * PenPoint Handwriting Recognition Technology ¢ Page 11



gathering post-test or final data, and 3-4 hours were spent on other non-writing
tasks to provide rest breaks for subjects.

Results

Results: Word-Level Accuracy.

[Note: these metrics are expected to improve prior to the release of
PenPoint 1.0]

In a test sample of 12 sentences (144 words) the average user achieved a
word-level accuracy rate of 82.1% (sd = 7.6%). The average character accuracy
rate was 96.2% (sd= 3.1%). Of the 17.9% incorrect words, most could be
corrected with a simple edit (16.8%, sd=6.2%) by either choosing an

alternative word from the proof pad, or by overwriting 1 or 2 characters.

An average of only 1.1% (sd=1.9%) of words were categorized as
needing to be rewritten (this is an overestimate because it counts errors in one
and two character words as rewrites, and because some users will in fact only
rewrite incorrect characters and not the entire word even when there are more
than two errors).

The average of the top 50% of users was 87.1% word accuracy, 98.2%
character accuracy. 14.1% of words could be corrected with simple edits, and
less than 1% were categorized as needing to be rewritten.

Results: Time to enter/correct. [Note: these metrics are not expected
to improve prior to the release of PenPoint 1.0] GO's handwriting recognition
system accepts handprinted characters on ruled-line input pads (boxed input is
optional). As a result, the initial text entry rate averaged about 17 words per
minute, or about 1.5 characters per second. GO's unique user interface for error
correction enables words to be corrected in an average of under 5 seconds per
incorrect word. This resulted in an average total gross throughput including
writing time, translating time, and editing time, of about 13 words per
minute, or about .1.1 characters per second.
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Resules: Field Data Entry Accuracy.

[Note: GO's new recognition technology developed since PenPoint DR
performs much better on these metrics. The data reported below is
substantially higher than we previously reported. Most importantly, the
range of accuracies reported below includes "walk-up " measurements
taken prior to any training or practice with the system.]

Because of the relatively small sample sizes of our studies, the average
character accuracy rate under various constraints can easily vary up or down by
several percentages from one study to the next. For this reason, and because a
great deal of fine tuning is currently under way prior to completing PenPoint
1.0, we will report the range of accuracy achieved in our last several studies to

provide a sense of the variance we encounter.

The average accuracy rate for numbers in fields constrained to numbers
ranged from 94% - 97%; the accuracy rate ranged from 90% - 93% when
numbers were written in fields that could accepr any of upper case characters,
lower case characters, numbers, or punctuation (87 symbols).

The average accuracy rate for upper case characters in fields constrained
to upper case characters ranged from 92% - 97%; the accuracy ranged from
90% - 95% when upper case characters were written in fields that could accept
any of upper case characters, lower case characters, numbers, or punctuation (87
symbols).

The average accuracy rate for lower case characters in fields constrained
to lower case characters ranged from 93% - 95%, the accuracy ranged from
88% - 92% when lower case characters were written in fields that could accept
any of upper case characters, lower case characters, numbers, or punctuation (87
symbols).

1 of ility for vari
[Note: these metrics are not expected to improve prior to the release of
PenPoint 1.0]

Subjects were asked whether the level of accuracy and the effort
required to correct errors that they experienced were acceptable for the task of
filling out several forms a day. Typically 90% -100% of subjects rated the
system as acceptable for these tasks. Subjects were also asked whether the level
of accuracy and the effort required to correct errors that they experienced were
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acceptable for the task of writing several memos, letters, or notes a day.
Typically 75% - 85% of subjects rated the system as acceptable for these
tasks. Subjects rating the system as unacceprable were not simply those subjects
experiencing the lowest handwriting recognition accuracy, although accuracy
was an issue for some of them.

The majority of users experiencing lower than average recognition
accuracy still rate the system as acceptable for these tasks. Reasons cited by
those occasional subjects who experience good recognition accuracy yet rate the
system unacceptable seem to be idiosyncratic. For example, we have recorded
such diverse concerns as the speed of handwriting compared to typing for
skilled typists, the physical strain of printing large amounts of text by hand,
relative unfamiliarity of printing compared to script, legibility of the screen,
etc.

To summarize, although 10% or more users rate their experience of the
recognition system as unacceptable for certain tasks, it is important to
understand that further improvements in the recognition accuracy will not
guarantee that the system is acceptable by 100% of users for 100% of tasks.

To place these findings in perspective, we should ask what percentage of
the population would rate today’s computers, user interfaces, and input devices
acceptable for a wide variety of tasks. We are not aware of any research
indicating that it is as high as 80% - 90%. Of course the best way to do this
type of research is to have users directly compare the ease of performing a series
of tasks on a PenPoint computer to the ease of performing the same tasks on
keyboard/mouse computers.

GO’s User Research Group has only recently begun to conduct this type
of comparative research. Preliminary data from studies focusing on the user
interface indicate that for a wide variety of basic operations, most users rate
PenPoint computers as easier to use than keyboard/mouse computers. Further

studies are being conducted as more applications become available.
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Many Applications Do Not Rely On Handwriting Recognition

Many applications with broad horizontal appeal do not require users to
enter a significant amount of handwriting that needs to be recognized (or

“translated”) by the system.

For example, communications applications such as receiving, marking
up, and sending faxes, or receiving, reviewing, and sending structured replies to
electronic mail messages require little if any handwriting translation. A wide
range of applications can be characterized as primarily information access and
retrieval programs (query, sort, search, and display data from databases and
large text documents or manuals). Drawing, painting, drafting, and layout
applications do not require handwriting recognition, nor do applications

designed to give computer-based intcractive presentations.

Also under development are applications designed for notetaking,
which do not require recognition but instead focus on storing handwriting in a
raw form thart allows it to be organized, rearranged, moved, copied, edited,
and hyperlinked to other data. This type of application also lends itself to
group brainstorming and meeting facilitation, especially when combined with

screen projection and shared screen networking.

Another key set of applications with broad appeal allow users to review
and edit files created on other systems (with round-trip data integrity), thus
combining the power of the gesture commands for editing with the convenience
of the mobility and portability of pen computers.

Finally, one should consider that many additional horizontal computer
applications may only require a limited amount of handwriting recognition.
For example, some applications can make heavy use of highly constrained
fields (like numbers-only fields, ficlds with templates, or word lists) where
recognition rates are very high, or multiple-choice fields or pick-lists for
choosing frequently used input. Examples of applications of this type include
spreadsheets, calendaring and scheduling (personal information management, or

PIM), contact management, and a wide variety of forms-based applications.
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Support for Dialog Between Applications and the Handwriting
Recognition System

When evaluating a pen-based operating system and its handwriting
recognition system, it is important to understand what level of communication
between applications and the handwriting recognition system is supported. Are
applications in control of the raw input (strokes)? Can they perform their own
analysis or recognition of strokes? When applications pass the raw input to the
handwriting recognition system, can they pass along additional information
that the system can use to aid in the recognition process? If so, what-
information can be passed to the handwriting system, what can the handwriting
system do with this information, and what impact does it have on the

recognition accuracy?

Looking at the subject of communication from the other direction, it is
also important to know what information the handwriting recognition system
can make available to applications in addition to the best guess at recognizing
the input. Finally, it is important to understand whether the functionality to
support this dialog berween applications and the handwriting recognition
system is a feature of the operating system, or is a feature of the particular
handwriting recognition system. If the handwriting recognition system is
replaceable, must every system provide this functionality, or can a new shape
matching engine be integrated and inherit this functionality from the operating
system?

PenPoint applications are in control of the raw input; they can process it
themselves, or they can utilize a very rich set of APIs that support a dialog with
the handwriting recognition system. These APIs are a feature of PenPoint and
its Context Management Subsystem — this means that the same dialog will be
supported even if a new shape matchihg engine is integrated into the system.
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The following is a brief overview of what information applications can
provide to PenPoint and the handwriting recognition system to aid in the
recognition process:

* Choice of input Ul (Boxed versus ruled input pads, size of boxes,
line height, etc.).

* Choice of editing Ul (direct to application's client area with
gestures to bring up edit pads, choice lists, etc., or direct to edit
pads, choice lists).

* Choice of context aids or rules which facilitate the recognition
process (e.g., spelling dictionary, personal dictionary, lists of
acceptable characters, lists of acceprable words, templates similar to
those used in database applications, case heuristics, punctuation rules,

spacing rules).

* Level of influence that context aids and rules should have in the
recognition process (four levels: enable, propose, veto, and coerce).

* Choice of post-processing aids to the recognition process (e.g.,

spelling correction, case correction, space correction).
* Lists of acceptable gestures to aid in gesture recognition.

* Choice of where to send strokes (gesture engine, text engine, both, or
neither).

* Choice of when to process strokes or send them to a recognition
engine (applications can store raw input and process them at any

time).

In addition, PenPoint applications can manipulate strokes
independently of the handwriting recognition system. They can: 1) filter
strokes before sending them to any recognition engine, 2) perform their own
analysis or recognition of the strokes, or 3) perform their own post-processing
on the output of the recognition system. They can do any or all of the above in
any combination. It is this flexibility which enables an application to
determine whether a circle should represent a circle, the edit gesture, or the
letter “o”.
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PenPoint’s handwriting recognition system is also capable of providing
a great deal of information to applications that they can use to help interpret

handwriting input. The recognition system can provide to applications:

* Lists of possible characters for single character input, not just a best
guess character.

* Lists of possible words for word input, not just a best guess word.

* Weightings or probabilities when lists of multiple characters or
words are provided.

* Size and boundary information per character or word (this
information can be used by applications to determine what to do
with the input, where to place the result in its client area, or how large
the result should be — especially important for “free-form”

applications like drawing, notetaking, or outlining).
* Size, boundary information, and hot point of gestures.

PenPoint also provides several components in the Ul Toolkit that
exploit this rich communication functionality with the handwriting recognition
system by providing a higher level set of APIs that support specific application
functionality. For example, one component greatly facilitates the process of
developing forms fields with a set of APIs that tie together functionality of the
input system, the handwriting recognition system, and the windowing system.
Other UI Toolkit components facilitate the common uses of gestures and
ruled-line input pads. PenPoint’s object-oriented architecture encourages the
development of such higher level components, and more will undoubtedly be
developed over time.
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Handwriting Recognition System Replaceability

Some pen computers have integrated handwriting recognition
technology so tightly that it is not feasible to replace the system with one from
another independent or third-party developer. PenPoint is designed with a
clean application programming interface (API) that enables the shape matching
engine in GO’s handwriting recognition system to be easily replaced with
engines from other vendors.

Since the shape matching engine is implemented below the level of the
Context Management Subsystem, any engine that replaces it will still benefit
from the powerful functionality that the Context Management Subsystem
provides to applications. In much the same way that some desktop computer
operating systems today can support different manufacturers’ printers by
installing printer drivers, PenPoint will allow handwriting recognition systems

from independent third-party developers to be installed.

This replaceability is important because handwriting recognition
technology is still evolving and improving. Systems currently under
development are based on radically different technologies ranging from neural
networks to fuzzy logic algorithms. It is possible that one of these technologies
may be significantly better than others at any given point in time over the
coming years. The marketplace that PenPoint computers will create for
handwriting recognition systems will stimulate competition among
developers, which will inevitably lead to the development of more powerful
systems.

The capability of replacing GO's handwriting recognition system with
other systems will also enable computer manufactures to bring PenPoint
computers to market in countries that require different character sets (for
example, systems that support various European or Asian language character
sets). It is also possible to add support for different symbol sets, enabling
applications to be developed that recognize handwritten mathematical symbols
or musical notation.

Users of PenPoint computers need not worry that they will be locked in
to obsolete handwriting recognition technology. GO has an active program to
recruit and support the efforts of independent third party developers of
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handwriting recognition systems. Several developers are currently in the
process of modifying the interfaces of their systems to be installable in
PenPoint. For example, Nestor, OCRSystems, and Paragraph have all
announced their support of PenPoint. As we go to press with this document in
September of 1991, several vendors expect to demonstrate their recognition
technology, running under PenPoint at Fall Comdex.

Summary

PenPoint is currently available with GO’s handwriting recognition
system. This system is highly accurate as measured by a wide array of real-
world metrics and methods, and it is rated as acceptable for a wide range of
tasks by most users tested. GO has had an ongoing serious research effort to

focus on real-world use of handwriting recognition systems since 1989.

GO’s User Research group will continue performing research to
improve the effectiveness of GO’s handwriting recognition system over time,
as well as evaluating systems from other independent developers. PenPoint
users, ISVs, and licensees can be assured that the best handwriting recognition
system for their application will be available to them because it is a feature of
PenPoint that handwriting recognition systems can be replaced. In addition,
GO has an active program of supporting third party developers’ efforts to port

their recognition systems to PenPoint.

Finally, when evaluating an operating system for pen computers, it is
important to keep the significance of the handwriting system in the proper
context. Many applications require little (or very limited) handwriting
recognition. PenPoint is a new operating system that offers developers and
users a great deal of valuable, innovative functionality and significant benefits
in addition to handwriting recognirtion.

###

The GO and PenPoint logos and names and EDA are trademarks of GO Corp. All other marks
are trademarks or registered trademarks of the manufacturers with which the marks are
associated.
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