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ABSTRACT 
This paper illustrates several ways to facilitate the 
transition from paper-based to digital-based forms, making 
the process of digital input and review more intuitive and 
seamless. Users of paper-based forms (doctors) were 
interviewed and watched to understand use in practice, and 
to make observations which would be useful in designing 
the digital forms. Several iterations of research, evaluation, 
and refinement were completed which resulted in new 
interaction techniques. The main technique, “freeform 
checkboxes,” is an augmentation of standard checkbox 
interaction. Variants of this technique include ways to 
select text choices by circling them and a way to select 
multiple choices at once. Preliminary evaluation shows the 
two techniques have considerable potential benefits. 
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INTRODUCTION: PEN-BASED INTERACTION 
Pen-based devices such as handheld computers and tablets 
have come a long way since their early inception. However, 
the methods by which users interact with these devices 
have not changed much. The main problem is that while the 
tablet and handheld can digitize the representation of 
information (e.g. the “digital ink”), they don’t allow easy 
access to the information itself. A novel handwritten on a 
Tablet PC is only a digital view of the author’s 
penmanship; the text is not easily modifiable and certainly 
not searchable. This shortcoming is largely caused by 
imperfect handwriting recognition and by the free-form 
nature of writing. All is not lost for the tablet though. By 
imposing an explicit structure we can digitize information 
as well as its visualization.  

Such structure is not difficult to find. Forms, a ubiquitous 
format for paper-based input, provide the necessary 
organization for the effective use of a tablet. In the paper 

world, forms are typically pages which contain areas to 
write text in, choices which can be circled, and checkboxes 
which can be marked. These “paper widgets” can easily 
map onto their digital counterparts. However, paper’s 
interaction styles and fluidity of input and navigation has 
not been matched because when forms are copied they tend 
to follow the rules of the digital versions rather than their 
paper brethren. For example, to mark a checkbox on paper, 
one draws a check on the page (motion along the XY axis). 
On a tablet, one must press the pen into the page (motion 
along the Z axis) to achieve the same goal. To further 
understand exactly how form widgets could be improved 
for a tablet interface, the primary author observed doctors 
conducting their day-to-day routine of completing and 
reviewing forms for patient examinations.  

OBSERVATIONS OF PEN-BASED FORM INPUT 
A group of seven doctors in the same practice were 
observed. Their work consists of two tasks: filling in forms, 
and later reviewing them.  

The first discovery was that despite all working in the same 
office, each had a different style of mark. Checkboxes were 
marked in all of the six ways illustrated in figure 1. 

 

Figure 1: The different marking styles for paper-
based checkboxes 

 
While each of these choices is unambiguously a mark, 
current checkboxes will only recognize the dot and fill 
styles correctly. The important characteristic of all these 
strokes though (except the dot), is that the primary motion 
takes place on the plane of the paper. The doctor does not 
punch a hole into the paper, but instead strokes across it. 
This stroke recognition is not present in current digital 
checkboxes. With current checkboxes, making the 
transition from unmarked to marked involves positioning 
the mouse cursor inside the checkbox, and then clicking the 
mouse button. On the tablet, this is analogous to hovering 
over the checkbox and pressing into the screen with the 
stylus. Clearly, paper-based marking by stroking across the 
paper is different from the digital marking by pressing into 
the page.  Copyright held by author/owner. 



A SOLUTION TO THE DIFFERENT MARKING STYLES 
The doctor should not have to adapt to this different 
marking style. The machine should, in fact, adapt to the 
doctor. The doctor should be able to stroke the digital page 
just like the paper one. One possible solution we call a 
“freeform checkbox”. Freeform checkboxes have the same 
visual appearance as current digital checkboxes, however 
using the pen the doctor can stroke in any of the stroke 
styles illustrated above. A freeform checkbox will use 
stroke and handwriting recognition algorithms to recognize 
these stroke forms and mark the corresponding box. 

The question of ambiguity in the various marks has already 
been resolved, in essence, in the paper-based world. Since 
doctors have been making these marks for decades or 
centuries, and other people have had to interpret them, if 
the marks were ambiguous social feedback would have 
changed the nature of the marks. So we have a graphical 
language that is familiar and unambiguous; our task is to 
have the computer learn what the doctor means. 

Allowing such interaction has several benefits. The first is 
that doctors need not alter their marking style. The second 
is related to Fitts’ Law. As Accot and Zhai [1] observe, it is 
easier to move the pointer across a boundary (as in stroking 
a checkbox) than to have to hover and click inside of it. 

The strategy of marking a checkbox after a stroke can occur 
in several different ways. One is to erase the pen stroke and 
simply mark the box with a check visually equivalent to 
current digital checkboxes. A second method is to keep the 
line of the stroke on the screen and add a simple check on 
top of that. A third technique, favored by the authors, is to 
make the stroke nearly the same color as the background 
while simultaneously showing a check in the box. Such a 
marking would look as follows: 

 

Figure 2: A preferred style for retaining the original 
mark in freeform checkboxes 
 

By marking in this way, the doctor is not startled by the 
stroke’s erasure. At the same time, the form retains a clean 
feel for reviewers. Pen marks are not all over the screen. If 
strokes stayed black, the visibility of the form itself would 
be obscured by the doctor’s writing. Furthermore, if there is 
a question later as to the algorithm’s interpretation of the 
doctor’s pen stroke, the pen stroke is still there to compare 
to the interpretation. 

The choice of which marking technique to use may be 
dependent on the particular application and on the doctor’s 
familiarity with computer systems. Other mark-to-bits 
translation techniques (such as morphing the doctor’s mark 

into the standardized check mark used by the system) have 
been considered but not fully developed. 

GENERALIZING THE FREEFORM CHECKBOX 
The common paper-based technique of circling a text 
selection has also not yet been ported to the digital tablet. 
Such a technique can be seen in figure 3, a detail from one 
of the forms used by the doctors we observed. 

 

Figure 3: The circling of choices on paper-based 
forms 
 

Ubiquitous on paper, this “freeform wordlist” has no digital 
analogue. Fortunately, it is a mere variant on the freeform 
checkbox. Instead of the box, we have a word of text and 
instead of supporting all marking styles, we support only 
the circle.  

Additional behavior can be added when large groups of 
checkboxes or freeform wordlists come into play, 
something very common in the domain of medical forms. 
When the doctors that were observed wanted to select 
several adjacent choices, they would draw one circle 
around all the choices instead of circling each choice 
individually. Such an interaction style should be added to 
both the freeform checkbox and to the circled text. Thus 
several checkboxes or words in a list can be marked at 
once, similar to the technique of painting checkboxes 
presented by Baudisch [2].  

FUTURE WORK 
The completion of the algorithms to recognize the strokes is 
the final step before a full evaluation can be performed. 
Informal post-design interviews and low-fidelity prototype 
walkthroughs of the proposed interface were positive. The 
test subjects also liked the notion that the computer should 
adapt to their usage instead of the other way around.  
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