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Chapter 13: 

 

MARKING INTERFACES  

 

Introduction 
In this Chapter we discuss what we refer to as marking interfaces.  These include what are often 
referred to as paper-like and pen-based interfaces.  They also include a number of interfaces 
that have been called gestural.  For the purposes of this book, what we mean by ñmarking 
interfacesò are interfaces where the primary mode of interaction involves the user entering marks 
into a computer, often much like the marks that one might make with a pencil or pen.  This would 
include (but is not restricted to) systems where one enters text using handwriting, or annotates or 
edits a document using conventional proof-readerôs symbols. 

With the growing use of pen-based computers, such as the Apple Newton shown in Figure 1, this 
class of interface is of increasing importance. 

While the term ñpaper-likeò aptly characterizes a number of interfaces falling into this category, 
we will not use the term for two reasons.  First, as will be seen, some of the manifestations of 
marking interfaces bear very little resemblance to things that we do with paper.  Secondly, there 
are styles of interfaces, such as form-filling using a standard GUI, which are paper-like, yet do 
not employ marking. 

Likewise, we have chosen not to employ the term ñpen-based.ò  While a stylus is often the 
preferred way to enter marks, it is certainly not the only one, so the term ñpen-basedò is overly 
restrictive.  Fingers, mice and pucks can and have been used successfully for many of the 
interactive techniques that we will discuss. 

Finally, people often refer to some of the styles of interaction discussed in this chapter as 
ñgestural.ò  Certainly it normally takes a gesture to create a mark.  Despite this, what 
distinguishes the interfaces discussed in this chapter is the mark that results from the gesture, 
not the gesture itself.  It is the mark, not the gesture, is the basis for the interaction.  Hence, we 
distinguish marking interfaces from gesture-based interaction, which is discussed in the next 
chapter.  While this is not a distinction that is universally made, hopefully it help clarify our 
discussion of user interfaces. 

It is significant that the word ñrecognitionò does not appear in the chapter title.  Recognition is 
often not essential for the success of marking-based interaction.  The annotation of documents is 
one such example.  Character recognition is a ñblack holeò which has sidelined many a product 
that could have otherwise been successful.  One seldom hears someone saying, ñI wish this 
piece of paper could understand whatôs written on it!ò  However, one frequently hears, ñI wish 
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that I had that document with me,ò or, ñI wish that I could find that document.ò   Recognition is 
useful, but not always essential. 

 

 

Figure 1:  The Apple Newton MessagePad 2000 Computer. 

Stylus-controlled notebook computers are emerging as an important new 
class and style of computer.  The Newton, shown above, is one example.  
However, while the approach is important, there are a number of problems to 
be solved before this class of interaction reaches its full potential.  The design 
of the MessagePad 2000, for example, had to accommodate both pen and 
keyboard based interaction. 

One reason that recognition is often not as important as one might think is that the value of 
marking often lies as much in human-human, as human-computer, communication.  This can be 
seen in tasks such as ñchalk-talkò type interaction typically seen in meetings using whiteboards, 
and with the annotation and signing of documents, for example.   
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Figure 2: The 49er ñDouble Scrape.ò 

ñChalk-Talkò type marking notation is used to specify the spatial and temporal 
aspects of a football play. 
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Consider the 49er ñDouble Scrapeò example shown in Figure 2.  This is a great example of how 
"chalk-talk" annotation can be used to notate very complex temporal and spatial information, 
such as a football play. The notation is something that every kid that has played sports can 
understand.  It requires no computer training, and makes communicating this kind of information 
between humans easy and natural.  In contrast, try specifying this same information to a 
computer using a conventional keyboard or standard GUI. 

 
 

Figure 3:The Liveworks Liveboard 

The Liveboard is a 170 c.m. display with which one can interact with a 
wireless stylus or a conventional keyboard.  It is an electronic whiteboard 
mainly intended to support meetings. 

With the introduction of electronic whiteboard technologies, such as the Liveboard illustrated in 
Figure 3, the need to support such chalk-talk type dialogues will grow, as will the expectation to 
be able to communicate with computers using this same type of fluid notation.   

Already there has been some early work geared at enabling users to communicate the same 
type of complex spatial/temporal information to a computer.  Perhaps the first example was a 
system called Genesys developed by Ron Baecker at MIT (1969).  While this work on ñpicture-
driven animationò was done early in the history of computer graphics, and not well known, it has 
significant relevance to future marking interfaces. 

This is illustrated in the four frames of an animation from Genesys that are shown in Figure 4.  
Each frame shows a duck, as well as a dotted curve that goes from the lower right to the upper 
left of the frame.  Hand-drawn digital ink lines make up both the curve and the duck.  However, 
the duck and the curve serve different purposes.  The duck is the protagonist of the animation.  
The curve defines the path along which this character is to move.   

It also determines the speed at which the duck moves.  This was defined by the speed, or 
dynamics, with which the curve was drawn by the animator.  Each dot on this motion curve 
represents one uniform time interval.  In each successive frame, the duck moves to the next dot.  
Where the dots are close together, the duck moves just a short distance from frame to frame.  
Conversely, where they are widely spaced, there is a correspondingly larger  distance traveled 
between frames.  Thus, the duckôs speed varies inversely with the dot density. 
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Now all of this can be related back to our conversation about ñchalk-talkò diagrams simply by 
imagining the duck being replaced by the squares and circles representing the football players in 
the 49er ñDouble Scrapeò, and each one having its own motion curve.  Figure 2 can then be 
seen as a graphical script for an animation that we see in our mindôs eye.  The sad thing is that, 
despite the common usage of this type of diagram, and despite the existence proof of Genesys, 
todayôs computers are singularly unsuited for handling this kind of rapid, simple articulation of 
spatial/temporal relationships.  This is even more disappointing, given how long ago Genesys 
was done. 

 

     

 

    
 

Figure 4:  Picture-Driven Animation 

Four frames from an animation of a flying bird are shown.  A line has been 
drawn to specify the path that a bird's flight should follow.  The speed at which 
the line was drawn controls the speed of the flight.  This is an excellent early 
and important example of the power of lines to specify complicated spatial 
and temporal information to a computer.  (From Baecker, 1969.) 

Comparison to other styles of interface 

To be done still: 
Å for comparative evaluation of marking and other input techniques: cover  Gould & Salaun 

(1987);  Compare Wolf (1988) to Wolf (1992) and incorporate differences (if any). 
Å for comparison of handwriting versus other interaction techniques cover Mahach (1989) 
Å for study on prognosis of pen-based interfaces, see Briggs et al, 1993. 
Å also, include discussion of Morrel-Samuels, P. (1990) 

 
Wolf (1992) undertook three experiments to investigate the use of marking based interface 
techniques in working with a spreadsheet.  In her first experiment, she compared three 
conditions.  In the first condition, the spreadsheet (Lotus 1-2-3) was operate with in the 
conventional way, via a keyboard.   The second and third conditions employed marking.  In one, 
subjects marked directly on the screen.  In the other, an indirect approach was used.  The stylus 
was operated on an opaque tablet which was physically separate from the display.  The main 
result from this experiment was to show that in both marking conditions subjects completed the 
tasks in 76% of the time taken with the keyboard interface.  One interesting aspect of the results 
was that there was no statistically significant difference in performance between the direct and 
indirect marking conditions.  (However, since a smaller and harder to read display was used in 
the direct condition, one should not immediately assume that these results generally hold.  When 
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using a measure that factors out some of the readability differences of the displays, the direct 
method was marginally faster ) 
 

Operation Marking Keyboard Keyboard/Mouse

Mark Range

Erase

Copy

Select using 

cursor keys, Return
Drag through range 

(or  cl ick for single cell )

Select range 

Choose Clear  from Edit m enu 

Click OK

Select range to copy 

Choose Copy from Edit menu 

Select target range 

Choose Paste  from Edit m enu

Select target cel l 

Type " =sum (" 

Drag through range 

Type " )"

Select range 

Choose Insert  from Edit m enu

Select cel l 

Type

Select cel l 

Drag through characters 

Type

/re 

Select range

/c 

Select range to copy 

Move to target range 

Select target range

Sum Type, e.g., 

" @sum (A2..G2) "

Insert row (col) 

(e.g., 2 rows)

/wir (/wrc) 

Select range

Enter Print Type

Change F2 

Change characters  

(or  retype cel l)

(Expt. 1, 2, 3) (Expt. 1, 2) (Expt. 3)

 

Table 1:  Gestural, Keyboard and Mouse/Keyboard Commands used in the experiments of Wolf.  
(After Wolf, 1992) 

 
The CRT display used in the keyboard condition in experiment 1 was also easier to read and 
larger than the LCD panel used in the direct marking condition.  In order to factor out differences, 
a second experiment was run comparing the keyboard and direct marking conditions, using the 
same LCD display for each.  The results were consistent with those of experiment 1, with the 
marking technique resulting in the task being performed in 69% of the time required or the 
keyboard technique. 
 
In the previous two experiment, the non-marking spreadsheet was operated by keyboard only.  
There was a desire, therefore, to compare the marking technique to a spreadsheet that used a 
mouse as well as a keyboard.  Hence, a third experiment was performed, this time comparing 
Microsoft Excel on an Apple Macintosh with the marking interface.  On the average, subjects 
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completed the tasks in 58% of the time required by those using the mouse/keyboard 
combination. 
 
Given the fact that one would expect the mouse/keyboard approach to perform better than the 
keyboard alone, this result is surprising at first (since the marking time was only 76% and 69% of 
the keyboard times in experiments one and two, respectively, compared to 58% in experiment 3).  
However, this seeming discrepancy can likely be explained by the fact that the subjects in 
experiments 1 and 2 were experts in the keyboard technique, whereas there were two distinct 
populations (novices and experts) combined in the result for experiment 3. 
 
This leads us to a very important observation that falls out of the results of this experiment.  
Throughout this book, we have been working from the basis that the objective of HCI is to 
accelerate the process whereby novices perform like experts.  Well, this experiment's results 
give us another example of how this can be achieved through appropriate design.   
 

   
 

Figure 5: Annotating of Electronic Documents  

The images highlight the figure/ground contrast between the handwritten 
annotations and the computer printed text in two electronic documents.  The 
first is a document annotated using a stylus within CompuThinkôs Paperles 
Office , and the second is an electronic fax annotated within Symantecôs 
WinFax PRO. 

Using the mouse/keyboard technique (which reflects state-of-the-art current practice), the novice 
users were much slower in task performance than the experts.  Yet, using the marking technique, 
the performance of the experts was only marginally better than the novices, and both groups 
were much better than the experts in the mouse/keyboard condition.  (Remember, that there 
were no "experts" in the marking condition, yet performance was significantly superior to the 
mouse/keyboard condition where there was expertise.  Using markings, "experts" performed the 
tasks in 73% of the time taken in the mouse/keyboard condition, in which they actually had 
"expertise.")  In summary, what we have is another example where, by virtue of the interaction 
technique, the novice is immediately enfranchised with the performance of an expert! 
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Figure 6: Hand Marking of Trading Form 

It is clear in the figure what was written by the computer versus by the trader.  
The contrast in line quality establishes a clear figure/ground relationship 
between the two.  If there was character recognition, and what was written by 
the human was echoed in a pristine computer font, this interface would work 
less well.  (Image: Brad Paley) 

Marking vs. Recognizing 

Å paint programs 
Å Newman Marking, 1975 - ref:  Newman (1986). 
 

Marking was a program written by William Newman on the Xerox Alto computer.  Marking was 
essentially a paint program like MacPaint, with one major difference: in Marking you could 
paint directly onto the page of an existing document, such as one containing graphics or text.  
There is a user's manual in the Alto User's Handbook (1976). Marking didn't do recognition of 
proof-reader's marks.  Rather, like Wang's Freestyle system (discussed below), recognition 
was on the part of the user, not the machine:  the hand-drawn marks on computer "typeset" 
documents established strong figure/ground relationships that provided natural and easy 
distinction between the annotation and  the original document. 
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Figure 7:  Pen Input in a Point of Sale Terminal 

Here a small digitizer is used to capture the customerôs signature in a point-of-
purchase credit card transaction. 

 
Emphasise the figure/ground issue 
for annotation, see also Whittaker et al (1994), Weber (1994), Hardock (1991; 1993) 
chalktalk=>black/whiteboard 
MacPaint+projection = electronic whiteboard 
coupled with telecommunications->shared drawing 
CSCW 
low level example, fax 
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Figure 8:  The CrossPad Portable Digital Notepad 

The CrossPad is an example of an emerging breed of embedded computers 
that are bringing us into the era of ubiquitous computing.  It appears to be a 
conventional clipboard with a pad of paper.  However, the contents of up to 
50 pages of notes written on the paper can simultaneously be electronically 
captured in the clipboard.  They can then be uploaded into a conventional PC 
for storage, indexing or optionally fed into a character recognition and 
converted into ASCII text. 

  

Wang Freestyle is an example of economical but effective design.  It illustrates how much one 
can achieve with very little.   
 
Freestyle is designed to support the annotation of documents.  A usage model is, you send a 
copy of a document to someone by email, they annotate it, and then return it to you.  You then 
make the changes.  Annotations are made with a stylus, very much as would be made with 
paper and pencil.  Voice annotations are also supported.  Finally, while recording the voice, 
all stylus movement and action (pointing or marking) is captured as a form of animation, which 
is stored synchronized with the voice.   
 
The copy of the document that is mailed is only a "dumb" bit-map (actually, tiff file) snap-shot 
of the original.  The system has no recognition capability.  The annotations are simply added 
to the "snap-shot." As with paper and pencil, this means that the user is unrestricted in the 
markings used, as long as they are comprehensible by the reader.  But also like paper, the 
user then needs two versions of the document in order to make any changes:  the annotated 
copy and the original.   
 
The power of Freestyle comes largely from: (1) integration with the mail system, (2) the 
strength of the figure-ground contrast of hand annotations on top of  "typeset" material.  It is 
an example of careful design giving rise to a lot of benefit.   
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A potential problem with Freestyle is that it works so well that you may be led to have  
expectations which cannot be met.  By not including recognition, Wang was able to side-step 
a hard problem, and get to market early.  The challenge of this approach, however, is to avoid 
being boxed in by the design decisions made, and being able to make a smooth transition to a 
smarter system that includes recognition capability. 
 
For more information on Freestyle, a demonstarion appears on  SIGGRAPH Video Review 45 
(1989).  See also Perkins, Blatt, Workman and Ehrlich (1989), Francik and Akagi (1989) and 
Levine and Ehrlich (in press). 

 
Å from now on, unless obvious or otherwise stated, we shall be dealing with recognition systems. 

Marking + Speech 

Wang Freestyle 
- annotation with synchronized voice 
- combination of marking & voicemail 
HPôs FiloChat 
- portable device 
- records voice as you take notes 
- notes are index into speech 
- see also Xerox work 

Recognition 

¶ early on-line character recognizers: 

¶ Teitelman (1964), Brown (1964), Bernstein (1964), Groner (1966), Ellis, T.O. & Sibley, 
W. (1967) Bernstein & Williams (1968) Ledeen (1967- [Described in Newman & Sproull 
1973 (575-582) & 1979 (202-209)]).  Suitable for student implementation. Description of 
Recognizer: Burr (1983). 

¶ Early math Anderson (email: anderson@rand.org,  
http://www.rand.org/pubs/authors/a/anderson_robert.html, 
http://www.rand.org/isg/staff.html,Telephone: (310) 393-0411 x7597 

¶ Berson, (1977).  Also, Nakagawa(1990) presents survey of on-line character recognition 
for Japanese. 

 
Not recent, but valuable survey of automatic recognition of hand-printed characters with 
extensive bibliography is in Suen, Berthod & Mori (1980).  A shorter, but more recent survey is 
Tappert,  Suen & Wakahara (1988), which has an extensive bibliography. Discussion of 
evaluating different techniques is found in Litvin, 1982.  Plamondon, Suen & Simner (1989) and 
Suen (1990) gives a good updates on the current state of the art in recognition techniques.  One 
of the most important approaches to recognition (speech and mark) is the use of Hidden Markov 
Models.  One example of this usage is NAg, Wong & Fallside, 1986.  Rubine (1991a; 1991b) 
presents the first  trainable recognizer for general markings. Mai, T. & Suen, C. (1990). present 
unconstrained recogniaer for numerals. 
 

¶ character vs word recognition:  eg., latter in Apple Newton.  Provides context, so can be 
more accurate than isolated character recognition.  Much the way that people can read 
words in contect that are misspelled.  On the other hand, there is a real problem when 
dealing with words not in the dictionary.  Then often strange results occur. 

¶ Frankish, C., Hull, R. & Morgan, P.  (1995).  Interaction between recognition accuracy and 
user acceptance 

 
Applications: 

¶ BIOMOD: Groner, Clark, Berman, DeLand (1971),  

mailto:anderson@rand.org
http://www.rand.org/pubs/authors/a/anderson_robert.html
http://www.rand.org/isg/staff.html
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¶ Ambit: Rovner & Henderson (1969) 

¶ Electronic Paper: Brocklehurst, E.R. (1991) 
 

Ambit-G was just another one of the many TX-2 graphical applications, most of which were 
driven with the TX-2 "Recognizer". (For example, a circuit layout program written by Fontaine 
Richardson et al was interesting enough to cause Fontaine to leave Lincoln Lab - the home of 
TX-2 - and start a little company called Applicon, an early leader in the field of CAD.) This 
was a symbol (one kind of the current large family of "gestures") trainer/recognizer front-end 
based on the Ladine symbol recognizer.  

 
 
Application (1973) - several "gestures" design drafting system 

¶ Irani, Wallace, &  Jackson (1970) - for queuing systems.  symbols in FW&C 206 
 
Å implications on computing environment.  See Carr (1990) for description of design of operating 
system developed specifically to accommodate pen-driven interfaces (namely, the GO 
Technologies system). 
 

Aha!:  A Digital Ink ñProcessorò 

One of the best examples of the use of digital ink was a product called Aha! InkWriter from Aha! 
Software Corp.  This was a ñdigital ink processorò in the same way that a product like Microsoft 
Word is a ñword processor.ò  With it, one can do things such as insert a word into a paragraph or 
add an item into a list.  In each case, space is filled or made available, and things like word wrap 
behave as one would expect.  An example of this is shown in Figure XX.  Here, part of a 
sentence is deleted in a paragraph. 
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Figure 9:  Automatic word-wrap with digital ink using Aha! InkWriter 

Like with a regular word processor, when text is deleted, the paragraph 
reformats itself and ñfills inò the freed up space.  With InkWriter, this is 
accomplished through an understanding of basic document  morphology 
derived from the digital ink.  First we see the original paragraph.  Then we see 
the words ña super teamò drawn through to specify that they should be 
deleted.  Finally, we see the reformatted paragraph after the deletion. 

When one thinks of digital ink recognition, one usually thinks of the problems of recognizing the 
ink as a character (ñaò, ñbò, ñcò, é). InkWriter is interesting in that it uses the features of the ink to 
recognize document features, rather than content.  It recognizes features such as words, 
paragraphs, lists and drawings - the morphology of the document - not the underlying content. 

Certainly the characters constitute part of the document, and InkWriter does support character 
their recognition.  This is something that one typically does later.  The software implicitly 
assumes that during transcription, the speed of capturing the digital ink is most important, and 
that recognition all of the text, or key words, is something that happens during later revision. 

InkWriter distinguishes between the digital ink of text vs drawings.  As with text, the software is 
capable of recognizing basic morphological features, each of which can be edited and 
processed, including the recognition and ñprettifyingò of basic shapes.   An example of this is 
shown in Figure XX. 

This example shows how one can select hand drawn objects and treat them in a manner similar 
to what one would do with a conventional object-oriented drawing or  CAD package.  When 
selected, familiar ñhandlesò are displayed that enable transformations such as scaling and 
translation to be performed. 

In addition, selected objects can be ñrecognizedò and transformed from hand-drawn digital ink to 
computer-generated geometry consistent with what was drawn. 
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Figure 10:  Processing of digital ink drawings with InkWriter 

As with conventional drawing programs, objects can be selected and 
manipulated.  In the top left figure, a hand-drawn circle is selected and the 
editing ñhandlesò are displayed.  These enable the object to be scaled or 
moved.  When selected, an object can also be ñrecognizedò which is what is 
done here.  The lower left part of the figure shows the hand drawn circle 
replaced by proper geometry.  The right side of the figure shows the same 
thing, but this time for multiple objects. 

 
Perhaps include description of Moranôs meeting support stuff too. 
Poon, A., Weber, K. & Cass, T. (1995). 
Weber & Poon (1994):  Marquee 
 

Extending OCR to Lines 

 
Å using pattern recognition and image processing techniques to convert hand-drawn figures and 
sketches into "finished" drawings. Cohen, 1982; Hosaka & Kimura, 1977,1982; Shirai, 1982; 
Å note, this is line recognition, rather than object or picture recognition 
Å consider part of issue on-line vs batch 
 
 
 

Semantic Power and Loading of Symbols 

Å Like "Semantic loading" seen in discussion of chord keyboards. 
 
Simple Lexemes:  Character Recognition 
 
Augmented Lexemes:  Embedded Meaning 
Å could include: 
 Å size 
 Å position 
 Å orientation 
 Å face (bold by pressure cue, for example) 
 Å style (italic by slope, for example) 
Å extreme case, signature recognition (Herbst & Liu, 1977) 
 Å may only recognize features, and not content (characters of name) at all! 
Å picture recognition: Herot (XX) 
 
Symbols as Words, not Characters 
Å simple commands:  delete 
Å music notation / GEdit (Kurtenbach & Buxton, 1991) 
Å circle for scope 
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Å Pitman shorthand (Leedham, Downton, Brooks & Newell, 1984), Leedham, C.G.  & Downton, 
A.C.  (1986) Brooks & Newell (1985). 
Å simple drawing, Makkuni (1986) 
Å Lipscomb (1991) 
 
Compound Symbols: from Words to Phrases 
Å proof-reader's symbols (give examples, include Kankaanpaa, 1988, ..., for example) 
Å chalk talk 

Å domain specific operation, eg. Konneker, 1984. 
Å implies vehicle to support chunking & phrasing 
 
 

 
 
More Chunking:  Embedding Graphical Attributes 
Å not just entering a shape 
Å can include line type and face 
Å can also easilly add other attributes, such as fill 
Å Eller, Leyerle & Pardikar (1994) 
Å note:  fill not connected, therefore will be where problems lie 
Å reliability will reduce with number of shapes in vocabulary 
Å shapes in shapes? 
Å "empty" fill for shape in filled bg. 
Å nevertheless, contrast with traditional methods 
 

Text, Drawing and Page Orientation: Bimanual input applied to marking  

with paper, rotate page 

eg guiard writing 

¶ take stuff from article 

¶ include text and image of animation 

¶ relevance to pen input and ñchunkingò  i.e., all in one step 

¶ tie in with emaeging flat panels 

¶ importance to simplified and more natural UI design 
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Figure 11:  A Traditional Animation Stand 

Note how the artwork is mounted on a rotatable base so as to maximize the 
ease of drawing at different angles on the page.   

Look at illustraions of text rotated 
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Figure 12: Handwriting Styles.   

Different types of handwriting present different levels of difficulty in automatic 
recognition.  The examples are presented in increasing order of difficulty.  
(From Tappert, 1984).   

 

Variations in Script:  Style and Penmanship 

Style: 
Å type of sign (for alpha-numerics: printed->hybrid->cursive) 
cursive:  Tappert (...) & Ehrich, Roger W.  (1978)**, Ehrich, R.W.  & Koehler, K.J.  (1975) 
Å style =>  segmentation 
Å include Casio example 
 
Penmanship 
Å quality of signal 
Å within and among users 
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Figure 13:  Variation of Printed Characters.   

Even when restricted to discrete character recognition, variability in 
penmanship makes the problem very difficult.  The figure shows the range of 
characters that, nevertheless, can be recognized by a commercial system 
(from Ward & Blesser, 1985).   

 

Speed and Efficiency 

Å the "I can type faster than I can write, so who needs it?"  syndrome 
Å first, clearly right for power text entry  
Å (at least until Pitman shorthand->text works) 
 
Å somewhere, include stuff on graphical keyboards, and T-Cube (Venolia 1994) 
  
from semantic loading: 
Å shorthand can give function key-like power 
Å exploiting embedded information: 
Å Mathematical formulae: spatial layout has semantics.  Implicit.  Form & content  compatible.   
Å annotation:  may be able to type string faster,  
Å but what about direct translation from mind's eye to screen 
Å position, size, orientation typeface/style (bold/italics) implicit 
Å simple keystroke simulation quickly shows slowness of printing more than compensated for. 
Å home position on device (time multiplex device: mutual exclusive, and competition for hand 
resource) 
Å not back-and forth between keyboard and pointing device 
Å benefit maximized when editing characterized by relatively low  volume of text entry and high 
volume of navigation (i.e., movement of  entry point) 
Å coupled with 2 hands:  home position on task (space multiplex devices, since no competition on 
hands as resource) 
Å eg, scrolling through document and selecting or editing words 
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Å former example (1 handed), hand always on device, but would still have to move between text 
(for selection/editing tasks) and navigation aids (scroll gadgets) 
Å this case, 2 tasks partitioned between hands, each simultaneously in "home" position 
 
Paper and Digital Ink:  Bridging the Gap 
include discussion of Anoto-type technology. 
Especially include Adapx exploitation of printying glyphs, as with Excel 
(https://www.adapx.com/images/pdfs/Data%20Sheets/CapturxFormsforExcel_DataSheet_v1.0_w
.pdf) 
 

 
________________________ 

The Graphics of Text 

We tend to forget when we think about text input that there is a graphical component to what we 
are doing.  When we are just typing text on a keyboard using a word processor, we tend not to 
focus on this.  Yet, when we are preparing slides for a presentation, or laying the text in on a 
graph, or doing text layout for an advertisement, this becomes far more ñin your face.ò 

Take the text in the image below.  The size, font, position, baseline and colour of the text, for 
example, is in many ways as important as what the text says. 

https://www.adapx.com/images/pdfs/Data%20Sheets/CapturxFormsforExcel_DataSheet_v1.0_w.pdf
https://www.adapx.com/images/pdfs/Data%20Sheets/CapturxFormsforExcel_DataSheet_v1.0_w.pdf
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Figure 14:  Text as Graphics 

 
In fact, as well as word processors, we have programs that are intended for doing text layout and 
graphic composition, as opposed to text composition and editing (as in traditional word 
processors.)  What is often missed in thinking about text entry is how well suited marking style 
interfaces are for the former, and how nearly all thoughts about using marking to enter text is 
with regards to the former. 

What is key to note in this regard is how, with a stylus, one can simultaneously input the 
characters of the text, the size, the position, orientation, base line, and even the face, all in one 
step. Furthermore, we can do so using skills that we have developed over the years in the 
everyday world, using a pencil. 

Contrast this with the steps, and associated complexity, that would result if you did the same kind 
of layout with a conventional word processor, for example. And we donôt have to be doing page 
layout or graphic arts for this to be the case. 

Take the simple example of entering the following line of text: 

2
2
  ̧22 

 
Consider entering it into your computer with the ñfastò keyboard and the ñslowò stlus.  There are 
two problems that arise: 

1. entering the superscript and 

2. the ñò̧ symbol.  
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Paper-like:   

Å print "22" where I want it. 
 

Conventional Word Processor: 
Å type 22 
Å select second "2" by dragging through it 
(itself a fairly demanding task requiring fine 
motor control) 
Å select Format item on menu bar 
Å select Character from pull-down menu 
Å select Superscript from Character property 
sheet 
Å select the down arrow beside the "Size" field 
to reduce the size of the character by one 
point, from 10 to 9. 
Å select OK button to close Character property 
sheet  
Å select entry point for where to resume typing 
 

Step 1:  Specifying the superscript 
 
 

Paper-like:   

Å print ""̧ character where I want it 
 

Conventional Word Processor:   
Å select  item on menu bar 
Å select Keycaps desk accessory from pull-
down menu 
Å explore different combinations of "option" 
and "shift" until character found 
Å close Keycaps DA by selecting close box at 
left-top of the window 

Å type ""̧ character 
 

Step 2:  Specifying the  ̧symbol 
 
 
 
Does this type of interface deserve the name "direct manipulation?" 
_________________ 
 

¶ Speed of entry determined by graphical complexity of symbols (time to draw) 

¶ Also is a function of the size & complexity of symbol set (can be cognitive load, and 
resulting delay, in remembering symbol in complex set.) 

 

An Aside:  Typing on a Graphical Keyboard vs Character Recognition 

In pursuing pen-based interaction, our tendency seems to be to want to do with the electronic 
pen that which we do with pen and paper, namely, enter text by writing or printing.  This 
tendency is natural, and reflects the concept of skill transfer that underlies much of what we have 
advocated in this book.  It is, in fact, something that is too little practiced. 

But here we have a potential counter example, or at least, an example of where blindly following 
any path might lead you to miss an opportunity.  Consider the entry of basic text using a pen-
based computer.  In evaluating techniques, one that should be considered in addition to 
character recognition is the use of a graphical keyboard.  As it turns out, as demonstrated by 
MacKenzie, Nonnecke, McQueen, Riddersma & Meltz (1994), tapping on a graphical keyboard 
can be both faster and more accurate than printed character recognition.  (In their study, 
character recognition was 41% slower and had 8.1% errors rather than 1.1% for tap typing). 
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While not suggesting that character recognition has no value, we are suggesting that the 
appropriateness of typing by tapping with a pen should be at least considered in designing a 
pen-based application.  This is something that can be determined on a case-by-case basis.  
There are no absolutes.  But, of course, if the tapping approach is used, there are a number of 
ways to improve performance beyond the obvious. 

One issue with graphical keyboards, regardless of whether they are operated by the finger, 
stylus, or a mouse, is that they consume valuable real-estate on the graphics display.  This is of 
special concern on smaller hand-held systems.  One approach to reducing this problem is to 
make the graphical keyboard smaller.  As Fittôs law tells us, this comes at a reduction of typing 
speed.  Nevertheless, we can make use of Fittôs law models to predict and evaluate the 
magnitude of this cost.  Another alternative is to make the graphical keyboard semi-transparent 
so as to minimize the degree that it obscures the information on the display below it (Harrison, 
Ishii, Vicente & Buxton, 1995;  Zhai, Buxton & Milgram, 1996).  Finally, one could make the 
graphical keyboard ñmobileò by controlling its position with the non-dominant hand while tapping 
characters with a pen or other device operate by the dominant hand.  Coupled with semi-
transparency, this would result in a specific instance of the Toolglass technique (Bier, Stone, 
Pier, Buxton & DeRose, 1993) discussed in the chapter on Two Handed Input. 

A second thing which we can do in order to improve the speed of typing on a graphical keyboard 
is change the design of the graphical keyboard so as to better represent the physical properties 
of the hand. Hashimoto and Togasi (1995) introduced an oval design, shown in Figure 15, which 
better matches the range of reach of the hand when holding a stylus.  They reported a 16% 
improvement in typing speed using this layout.  

 

Figure 15: The Virtual Oval Keyboard (Hashimoto & Togasi, 1995). 

An improvement of about 16% in text entry speed was reported using this 
layout, which better reflects the range of reach of the stylus-holding hand. 

A third issue with entering text by tapping on a graphical keyboard is that it is still significantly 
slower than typing on a normal keyboard.  On a graphical keyboard the optimal typing speed is 
mainly governed by Fittôs law, since you only type using one pointer (as opposed to eight fingers 
and two thumbs). For beginners, search time, rather than selection may dominate the task, but 
for those who know the keyboard layout intimately, Fitts rules the day.  Thinking of things this 
way, one way to raise the typing speed is to reduce the number of keys selection tasks that need 
to be performed.  One way to achieve this first practiced by Buxton and Kurtenbach (ref to come) 
and later by Hashimoto and Togasi (1995) is to combine tap typing with marking menus 
(Kurtenbach & Buxton, 1994).  Using this approach, if one wanted just the simple character, one 
taps it as would be expected.  However, if the key required a modifier, such as ñControlò or ñAltò, 
one makes a stroke starting on the graphical key cap, rather than a tap, where the direction (or 
posibbly shape) of the stroke indicates the particular modifier.  Using this approach, one can 
also reduce the time needed to input other frequently used special characters, such as 
ñBackspaceò, ñShiftò, ñDeleteò, ñSpaceò and ñReturn.   
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A good exercise which illustrates the value of some of the theory outlined in this book is to 
calculate the improvement that this should result in for various types of text, and to then test the 
accuracy of the calculations by experimentation.  As a starting point, readers are referred to 
Soukoreff and MacKenzie (1995) for an analysis of the theoretical upper and lower bound for 
entering text on a graphical keyboard using a stylus.  Of course, the exercise is not fully done, 
since Soukoreff and MacKenzie donôt include the use of marking menus for special keys and 
modifiers in their analysis.  As always, there is more to do. 

Finally, there are other approaches to implementing graphical keyboards which are intended to 
optimize text entry using a finger or stylus.  While not strictly marking interfaces, they seem best 
to fit into the current discussion. 

The first of these is the Fitaly One-Finger Keyboard. The keyboard is laid out so that the most 
likely next character is adjacent, or near to, the last character entered. The idea is to achieve 
efficiency by reducing hand or finger movement.  The keyboard layout is illustrated in Figure XX.  

 

Figure 16: The Fitaly One-Finger Keyboard as it appears on the Newton MessagePad 

 

If we think about this keyboard in terms of Fittsô law, we see that target size (W) is determined by 
the size of the graphics of the keyboard.  Also, for a given keyboard size, it is mainly the 
distance, or amplitude (A) of movement which they are attempting to reduce.  Clearly the 
reduction will be determined by how well the layout fits the vocabulary used.  While the layout 
may help in English, it may make things worse in some other language (such as French or 
ñC++ò).  Doing the analysis and contrasting the benefits against the cost of learning a new 
keyboard layout (remember, that unless the user knows the layout intimately, that there will be a 
visual search term in the analysis, Tm, in the terminology of the Keystroke Level Model.) 
MacKenzie, Soukoreff and Zhang (1997) have actually performed the analysis and test 
comparing a number of graphical keyboard layouts, including the Fitaly, QWERTY, Alphabetic, 
telephone keypad, and something called the JustType layouts. 

There are other approaches to keyboard layout that are intended to accelerate input.  The last 
one that we will look at briefly is called T9 (from ñtyping on nine keysò) from Tagic 
Communications, Inc. While, the keypad is small, nevertheless there is only one keystroke per 
character. To get the whole character set on 9 keys, each key contains multiple letters (the "5" 
key, for example, can be used to type "J," "K," or "L,"). The T9 algorithm automatically 
determines from all the possible variations what word you are typing by matching  your 
keystrokes with completed words in a linguistic database.  Clearly, one of the issues here is that 
you need a different dictionary for whatever language you are using.  The keyboard is shown in 
Figure XX. 
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Figure 17:  The T9 Graphical Keyboard on the Texas Instruments' Avigo PDA. 

Shorthand Marks 

The use of shorthand versions of symbols is one way to increase the speed of entry in marking-
based interfaces.  This approach can be used for entering alphanumeric and graphic data.  
Figure 18, for example, gives an example of how a characiture of a transistor symbol can be 
used as a form of graphical shorthand.  The characiture visually resembles the symbol that it 
represents (thereby providing a mneumonic aid), and is much easier and faster to draw.  While 
not all symbols lend themselves to such simplified representation, it is worth the designerôs time 
to explore  the degree to which it is afforded.  

  

Figure 18:  Using Simple Characiture to Specify Complex Object 

The choice of shorthand symbol need not be between representative drawing 
or some graphically unrelated symbol. This example shows how a simple 
characiture can capture the key properties of the intended symbol (a 
transistor), thereby providing the desired mnemonic value, while still being 
simple to draw and recognize.  (From Newman and Sproull, 1979, p. 180.) 

 
Shorthand can also be employed to facilitate the entry of alphanumeric data.  One approach is to 
adapt traditional shorthand such as Pitman shorthand, to computer usage.  (See Figure 19.) This 
has been investigated by some researchers, such as Leedham, Downton, Brooks, and Newell 
(1984); however, the approach is problematic.  On the human side, there are relatively few 
people who are skilled in shorthand, and acquiring the skill requires considerable training.  
Technically, conventional shorthand also causes some serious problems due to the fact that the 
symbols correspond to phonemes, not alphanumeric characters.  Thus, even if one can enter the 
shorthand, and it is correctly recognized, it must then be converted from phonemes to text.  This 
is a rather difficult task that pushes the state of the art.  
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Figure 19:  Pitman Shorthand 

The above example of Pitman Shorthand is a transcription of ñThis is an 
example of Pitman shorthand.  You can transcribe speech very rapidly 
(greater than 200 w.p.m.).  However, you then have to convert the shorthand 
into English.  So, while the initial transcription is very rapid, the overall two-
step process is much more tie consuming.ò  (transcription courtesy of 
Elizabeth Russ) 

By having a one-to-one correspondence between shorthand and longhand symbols, the second 
translation phase seen with Pitman shorthand can be avoided, thereby rendering the use of 
shorthand more viable in many cases.  One such example is the music shorthand (Buxton, 
Sniderman, Reeves, Patel & Baecker, 1979) discussed in Chapter 7, in the section on Chunking 
and Phrasing. 

 

Figure 20: Entering an 8
th
 Note Using Single-Stroke Shorthand 

As described in Chapter 7, the SSSP music editor enabled notes and rests to 
be entered with a mouse or stylus, using single-stroke shorthand.  The 
shorthand was mnemonic in that the entry stroke related to the desired 
symbol.  On the left side, an eight note F is specified to follow the quarter note 
A.  The ladder helps guide the entry point, starting the stroke in the lowest 
space on the staff determines it is an F, and the shape ï representing the 
stem and one flag ï indicates that the duration is that of an 8

th
 note.  On 

completion, the rough hand-drawn stroke is replaced by a òtypesetò version of 
the desired symbol.  This is what UniStrokes and Graffiti did, but for 
alphanumeric rather than music symbols.  As we shall see, the idea of using 
such a single-stroke shorthand precedes computers by a long-shot ï going 
back to Roman times. 

 
One of the main attributes of the musical shorthand was that all of the attributes of a note (pitch, 
duration, entry point) could be specified in a single gesture.  For example, on paper, one would 
typically write an 8

th
 note in three steps: 


