
2007:110 

M A S T E R ' S  T H E S I S

THE INPUT RACE
A comparative study

between two input modalities

 Mattias Lidström

Luleå University of Technology

D Master thesis
 Media Design 

Department of Music and media
Division of Media and adventure management:

2007:110  - ISSN: 1402-1552 - ISRN: LTU-DUPP--07/110--SE



 
 
 

 
THE INPUT RACE 

- A comparative study 
between two input modalities 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
D-ESSAY 10 P 
DEPARTMENT OF MUSIC AND MEDIA 
LULEÅ UNIVERSITY OF TECHNOLOGY 
AUTHOR: MATTIAS LIDSTRÖM 
Matlid-3@student.ltu.se 
TUTOR: CHARLOTTE WIBERG 
2007-05-28 

mailto:3@student.ltu.se


- THE INPUT RACE - 

 2

 
ABSTRACT 
 
In this report, a number of tasks are performed by a group participating in the study. 
Every task is performed twice, with different input modalities used each time. The 
purpose of the study is to find out if there are certain tasks where stylus input is faster 
than mouse input or vice versa. Results of the study show that stylus is a faster input 
modality than mouse when performing the tasks given within this study. Moving icons 
by dragging them from one side of the screen to the other produced the biggest 
differences, and combined dragging and clicking, which was the last task, produced 
smaller differences. In general, stylus was faster throughout all tasks, although there 
were a few subjects who performed better with the mouse on one or more tasks. 
 
Most subjects found the stylus to be more fun to use and all found it faster, even the 
few who was actually faster with the mouse. 
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1. INTRODUCTION  
 
In many businesses efficiency is of utmost importance. Eliminating time consuming 
processes (related to hardware or software) in a computer environment shortens 
production time. Private users may also benefit from a faster workflow when doing 
any goal-oriented activity, such as homework. 
 
The goal of this essay is to find out if the current standard for computer input, the 
mouse, really is the most efficient input modality in all situations. Is there a possibility 
that changing to another input modality can shorten the total time required to perform 
certain tasks?  
 
In the essay, mouse input will be compared to a stylus input on a touchscreen. The 
fastest input modality will be determined through a number of tasks performed by a 
group of participating individuals. To test task completion time a number of different 
tasks was performed with two input modalities by the individuals participating in the 
study. It was important to test a couple of different tasks since a computer can be 
used in a variety of ways. The tasks in the study were therefore chosen by their 
differences as well as their resemblance of “real” computer activities. 
 
In this study, a pressure-sensitive screen attached to a portable PC was used. This 
type of computer is also known as Tablet PC, or simply TPC.  The TPC was used to 
compare completion times of a number of tasks with both mouse and stylus input. 
The TPC can be used either like a normal laptop, with mouse and keyboard, or with a 
stylus (a plastic pen used directly on the screen). The nature of the TPC makes it a 
good platform for a comparative study, without need to change to another hardware 
platform halfway into the test.  
 
Although the tasks performed in this study are simple in nature, results can show 
very interesting things. If the basic functions of an OS work faster with a specific input 
modality, it can change the way applications and user interfaces are designed. 
Today, most applications are designed with mouse input in mind. This is of course 
due to the fact that mouse probably is the most common input modality by a good 
margin. If studies show that another input modality is faster when performing 
precision demanding tasks, such as moving and clicking, interfaces and applications 
could potentially be designed to further take advantage of the speed increase. 
 
The positioning of a mouse cursor is not absolute. This enables each user to adjust 
the mouse sensitivity to their taste. One person might want a small movement with 
the mouse to become a large movement by the on-screen cursor. Another person 
may prefer a less sensitive input setting. When using the same computer regularly, 
this could be considered a non-problem, or even a good thing. The user gets used to 
the mouse sensitivity quickly. However, in more public or semi-public computers such 
as those found at libraries and in schools,  each computer may have a different 
sensitivity setting. This forces the user to adjust to the computer, instead of the other 
way around. This is a problem especially when performing precision-demanding 
tasks, such as illustration and photo editing. 
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A stylus is a plastic tip pen used on a touchscreen. Some active digitizers have one 
or two buttons on the pen representing right-click and/or other functions. Many 
modern mice have at least 4 buttons, and the scroll wheel is a button as well. 
Because of this, a stylus requires most of the actions normally mapped to mouse 
buttons to be assigned to other buttons. There are also solutions where hovering with 
the pen over an area functions as a right-click. 
 
The positioning of a stylus is always absolute. If the user wants to point at the upper 
left corner, he/she has to move the pen to that position. A mouse, on the other hand, 
can be calibrated so the user only has to move the hand a short distance to move the 
cursor that same distance. Small hand-movements translating into big ones on the 
screen is only possible with other input devices than a stylus, such as mice, 
trackballs and touch-pads (on a laptop computer). 
 
 
1.1 ACTIVE VS. PASSIVE DIGITIZER 
There are basically two different kinds of digitizers, passive and active. A digitizer is 
the system built into the computer that recognizes input on the screen. Both types of 
digitizers have their advantages and disadvantages. 
 
An active digitizer uses a technology where the tablet “knows” where the stylus is 
positioned as long as it is close to the tablet surface. This enables a few functions a 
passive digitizer does not. The user can “hover” the pen over icons and windows, 
resembling a mouse hover function. An active digitizer can also sense different levels 
of pressure from the stylus and is therefore well suited for drawing (a more pen-like 
stroke is possible). An active digitizer is more expensive and requires a special stylus 
for input, other input devices will not work. Active digitizers can (and often do) use a 
stylus with one or more buttons on the side, enabling right-clicking and more. 
 
A passive digitizer only senses pressure applied to the screen. This enables the use 
of a variety of objects for input, such as stylus, finger or fingernail. This is also one of 
the strong points of a passive digitizer. The passive technology is a bit more sensitive 
when it comes to applying the right amount of force. It is important that the user 
applies an even amount of pressure on the screen, especially when writing. Most 
PDA:s uses passive digitizers, as well as public touch-screen based systems, such 
as SAS (Scandinavian Airlines) self-service machines and the Arlanda Express ticket 
machines (these machines are not controlled with a stylus, but with the finger. 
Therefore they must have a passive screen). 
Right-clicking on a passive digitizer is not possible in the traditional sense, but has to 
be accomplished by other means. A right click can, for example, be executed by 
holding the input device still on the surface for a few seconds. 
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1.2 RELATED WORK 
In the paper Tablet PC´s as Instructional Tools or the Pen is Mightier than the ´Board 
Willis & Miertschin (2004) point out a number of advantages a Tablet PC (TPC) 
brings to the user. Although their study was aimed primarily at a learning situation, 
many of their results are applicable in other environments as well. One of the 
strongest selling points of TPC´s is the ease of use. Jian Wang, a member of the 
team responsible for the original TPC, is quoted saying: 
 

“I really want to make sure that the Tablet PC will be easy to use. You never 
have to think about how to sit on a chair. We should have a computer 
device that people never have to think about how to use, they just pick it up 
and use it in a very natural way.” 

 
The proclaimed ease of use is derived from a number of factors. First, the format of 
the TPC enables use in a wide variety of positions. The user can lie down, sit in a 
reclining chair, stand up or almost any and all other possible positions. This is thanks 
to the fact that only one hand is needed to write text and/or add other input on a TPC. 
Writing using only one hand on a keyboard is possible, but terribly slow. When using 
a pen, a one-handed input is the only method we know. Put simply, a traditional 
laptop PC is not designed to be held in one hand and used with the other, but a 
Tablet PC often is. 
 
In the paper, TPC´s with a Windows XP Tablet PC Edition operating system(OS) 
were used. Several features especially designed to take advantage of the pen input 
have been incorporated into this OS. In practice this means that notebook 
applications, for example, have been designed to merge the feel of writing down 
memos on a paper with the benefits of a computer (virtually unlimited storage space, 
conversion of notes to text format, and more). Yet another advantage the TPC have 
over pen and paper is the possibility for the users to run a search through all their 
notes fast and easily. Flipping through paper notebooks to find that part you need is 
time consuming and frustrating. This is almost eliminated when using TPC´s. 
 
Even more unconventional is the research that is going into incorporating sound into 
TPC´s. Although it hardly touches upon the basics on which this paper is based upon 
it is interesting to know that “touch” isn´t the only input modality where research is 
being performed. It will likely become more and more common with voice recognition 
software to input text, for example.  
 
In Pen Computing – A Technology Overview and a Vision, André Meyer (1995) writes 
about handwriting on a sheet of paper as ”your primary and most developed human 
skill” and that sharing written information is the most important thing about cultural 
exchange.  Meyer quickly goes into detail about the technology behind pen-based 
computing. Although some of the technical aspects of Meyers´ paper are outdated 
today, the basic foundations remain the same.  Meyer goes through almost the entire 
history of traditional writing and painting before he reaches the technological aspects 
of pen-based computing, and the criteria he believes it has to meet. Meyer lists a 
large number of possible technologies concerning the actual screen. Simply put, 
most touch screens has a transparent digitizer-layer applied on top of the screen to 
capture the input of the pen or input device. This layer sometimes blurs the screen to 
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a small extent. Meyer believes screen size will vary in the future depending on the 
intended use. Meyer predicts small screens of a few inches used on cell-phones to 
wall-mounted screens of 2-3 meters. 
 
Meyers´ paper is largely based on the goals the author believes pen computing 
should have. Meyer points out that some of the ideas brought forward cannot be 
realized with the technology available (in 1995, when the paper was written). Now 12 
years have passed and many of the things Mayer dreamed about, such as touch 
based handheld systems with wireless connectivity, are a reality.  
 
In the paper Comparing Cursor Orientations for Mouse, Pointer and Pen Interaction 
(Po, Fisher and Booth, 2005) three input modalities are tested. The study is meant to 
find out if the cursor type affects how fast subjects can move the cursor in any 
direction. The Tablet PC used had an active screen, meaning the cursor was always 
visible on-screen (as long as the pen was held relatively close to it). This study was, 
as mentioned, aimed at finding out if different cursors could affect movement time 
with any of the input modalities. This also meant that finishing times for each input 
modality and cursor type were noted. If looking at only finishing times in general, one 
can see that mouse completion time and stylus completion time are very similar. The 
third input modality, pointer, was much slower. 
The paper is also the one which resembles the study performed in this essay. There 
are some major differences though. First, Po, Fisher and Booths´ study was designed 
primarily to compare cursor movement times, and not input modalities. Second, the 
fact that an active screen was used (the nature of their test demanded it) might have 
produced results different from what this study may have. Moving a cursor with the 
pen could potentially be slower than simply placing the tip of the pen wherever the 
user wants to.  
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2. DESIGN OF THE STUDY 
 
2.1 EQUIPMENT AND OPERATING SYSTEM 
For this test, an  Entertainment Notebook tx1020ea Tablet PC from Hewlett Packard 
was used. The TPC consists of a 12.1” wide passive touchscreen. The TPC opens 
like a normal laptop PC but the screen can be rotated and folded over the keyboard 
to enter tablet mode. In this mode, the keyboard cannot be accessed. The dual 
nature of this TPC makes it possible to use the same computer for both mouse and 
stylus input tests. The operating system used for this test was Windows Vista Home 
Premium. 
 
The mouse used is a Razer ProSolutions optical mouse. For this test, only left-
clicking was necessary. The mouse was calibrated to have a relatively low sensitivity 
as close to a “standard sensitivity” there is.  
 

   
HP Entertainment Notebook tx1020ea 
 
 
 
2.2 SUBJECTS 
There were a few requirements that needed to be met when choosing the subjects 
for the study. First, people were chosen to cover a wide spectrum of age. A relatively 
even mix between genders was also desirable, if possible.  
 
The group participating in the study consisted of 6 males and 4 females, ages 11-56. 
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2.3 PRE TEST 
Before the test, each participant was informed of the nature of the test. Each 
individual got to try the two input modalities for as long as they felt necessary to 
become comfortable using them. Every part of the study (clicking and dragging) was 
performed with both modalities prior to the test beginning. To eliminate distractions 
quiet, secluded rooms were chosen for the tests. The tests took 10-15 minutes to 
complete, so all subjects were informed they could take brakes anytime they felt they 
needed to between tasks. 
 
If they wanted to, subjects could adjust the mouse sensitivity to their liking before the 
test began. 
 
The subjects were also informed beforehand that their job was not only to finish the 
tasks, but doing so as fast as they could. Each task was thoroughly explained 
beforehand, to eliminate hesitation during the tasks which could affect the results. 
 
Half of the group began using the mouse, and half began using the stylus, to make 
the study as reliable as possible. 
 
 
2.4 TASKS 
The study was designed to test one thing: speed. To do this, a couple of different 
tasks were chosen that represent two of the most common activities performed in a 
window-based computer environment; clicking and dragging. Whatever a person is 
trying to accomplish on a computer, odds are they are clicking and/or dragging to 
reach that goal. Most visual operating systems, such as Windows and Mac OS, is 
based on an on-screen cursor moved across the screen to press different areas. 
Dragging is performed like a normal cursor movement, but with a button held down. 
 
Tasks were chosen by the following criteria: 
 

- The tasks should be easy to understand and remember, to minimise the need 
to remind the user of the task while it is being performed 

- The time required to finish the tasks should be long enough to easily notice 
differences between the two input modalities, if there are any 

- The tasks should be easily scalable if the test study shows that tasks are 
taking to long to finish, which may tire the subjects 

 
Three tasks were chosen; clicking, dragging and clicking & dragging, a combination 
of the two first tasks.  
 
Before the tests were finalized, a beta-test was performed on 2 individuals. This beta 
test had a few key functions. The first one was to find out how approximately long 
each task took to complete, and if any of them needed to be adjusted. The second 
reason for the beta-test was to see what types of error occurred. The errors that 
occurred were merged with other errors that was believed could occur into a final list. 
 
During the tasks, notes were taken of how often these errors occurred within each 
task. The reason for this was to see if there were any possible connections between 
a high number of errors and a long task finishing time.  
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Three tasks were performed in the environment shown in the pictures on page 10. 
Here they are listed with the same explanations given to the subjects (translated from 
Swedish). Also listed are the types of errors possible within each task. Notes were 
taken of how many times each error occurred with each input modality, as well as 
completion time. 
 
 
TASK 1: DRAGGING 
 
Move all of the numbered icons from one side of the screen to the corresponding field 
on the other side. Start with 1, then 2, and so on. When all of the icons have been 
moved to the other side of the screen, move them back the same way (1, then 2…). 
When the task is finished, all of the icons should have been moved 4 times. 
 
Errors: 
 
Clicked outside the intended area 
Lost pen pressure/mouse button during drag 
Placed icon in the wrong place 
Double-clicked (opened) icon 
 
TASK 2: CLICKING 
 
Open the numbered icons in sequential order by double-clicking on them. When an 
icon has been opened, close the window by clicking X in the top corner. Example: 
Open icon 1, then close the window by clicking X. Repeat this process with all icons 2 
through 12. All icons will have been opened 3 times before the task is finished. 
 
Errors: 
 
Clicked outside the intended area 
 
 
TASK 3: DRAGGING AND CLICKING 
 
Drag the icons from one side of the screen to the other as previously done in task 1. 
When an icon has been moved, open and close it as described in task 2. Once all 
icons have been moved to the other side and opened, start from icon 1 and repeat 
the process. All icons will have been moved and opened a total of 2 times before the 
task is completed. 
 
Errors: 
 
Clicked outside the intended area 
Lost pen pressure/mouse button during drag 
Placed icon in the wrong place 
Double-clicked (opened) icon 
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The study was intentionally designed to work with any handedness. If a participant 
was left handed, they would simply start with all icons on the right side of the screen 
instead of the left.  Task 2, clicking, was designed so that all icons opened had the X 
button (close) placed in the center of the screen (as can bee seen in fig. 2). This 
made it equally easy to reach for right- as well as left-handed people. 
 
 
2.7 VISUAL LAYOUT 
All of the tasks were performed on the Windows Vista desktop. All icons and 
applications not relevant to the test were removed to avoid destractions to any of the 
subjects. A background image was designed to visually help the users perform the 
tasks as planned (se fig. 1). 12 grey fields on each side of the screen represented the 
areas of which the 12 numbered icons should be moved to (and from). In windows 
Vista, icons “snap” to certain areas of the screen even if they are moved slightly off. 
They grey areas in the background were placed so icons moved would snap to the 
center of each one. 
 
The 12 icons were designed to be easy to read and distinguish from the background 
(se fig. 1). 
   

 
Fig. 1 
Windows test environment with numbered icons placed on the left side of screen 
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Fig. 2. Icon opened with close button (x) centered on screen) 
 
 
 
2.9 INTERVIEW 
After each test, a few questions were asked each participant. The reason for this was 
to see if there were any differences in which input modality was the fastest and which 
felt the fastest, as well as receive other feedback on each input modality from each 
user. The questions asked to the subjects were the following: 
 
- Did any of the input modalities feel faster than the other? 
  (Why does it feel like that?) 
 
- Did any of the input modalities feel more fun to use? 
  (Why do you think that?) 
 
- Can you see anything positive related to the mouse when compared to the pen? 
 
- Can you see anything negative related to the mouse when compared to the pen? 
 
- Can you see anything positive related to the pen when compared to the mouse? 
 
- Can you see anything negative related to the pen when compared to the mouse? 
 
 
All subjects were also asked their age. 
 
 

 12
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2.10 LIMITATIONS OF THE STUDY 
There are basically three ways typing can be performed on a Tablet PC. If the TPC 
(such as the one used in this study) has a traditional keyboard, this can be used to 
type in the same manner as on a regular PC.  Also, using the pen, a virtual keyboard 
can be accessed on-screen. The pen is then used to tap each letter or button. This 
method is significantly slower than a real keyboard.  Third, software can function to 
recognize handwriting and translating  it into text format.  
 
Text input will not be included in this study. There is one major reason for this. 
Although handwriting recognition is built into Windows Vista, the software has to be 
“trained” for quite some time before it functions in a satisfactory manner. The 
software has to learn the way each user writes before it can translate the handwriting 
to text format without much error. This reason alone makes it impossible to 
incorporate a comparative study on handwriting in the study. 
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3. RESULTS 
 
 In this section, all of the results from the study will be reported in detail. First, each 
task and the participant finishing times will be reported, as well as the average 
completion time for each task. After that, the type of errors and their occurrence 
within each task will be brought forward. 
 
All of the subjects were numbered from 1-10. You can see the number next to the 
subject gender and age in each graph. Sometimes, a subject will only be referred to 
as “subject 8” for example (subject 8 meaning male, 16). 
 
 
3.1 TASK 1: DRAGGING 
 

Task 1 completion time

0 20 40 60 80 100 120 140 160

(10) Male, 11

(9)Female, 25

(8) Male, 16

(7) Female, 48

(6) Male, 17

(5) Male, 48

(4) Male, 55

(3) Female, 56

(2) Female, 23

(1) Male, 25

Su
bj

ec
t

Completion time (secc.)

Stylus
Mouse

 
 
Stylus had a slightly lower error rate than the mouse (10 vs. 12).  It also performed 
faster than the mouse in every instance but one. In some cases the differences were 
big: subject 3 had a completion time difference of 51 seconds in the stylus´ favour, 
cutting time by 2/5, or 40 % (or, stylus was completed in 60 % of mouse completion 
time). 
 
Subject 10 was the only participant whose mouse completion time was shorter than 
the stylus completion time. This individual also had the smallest difference between 
the two finishing times, 8 seconds (or mouse completion in 92.5 % of stylus 
completion time). 
 
Of the 9 individuals who were faster at finishing the task with the stylus, the ones with 
the smallest differences (subjects 1 and  and 6) performed the task with stylus in 86 
% and 88 % of the mouse completion time, respectively. 

 14
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Overall, stylus completion time was considerably faster than mouse, with one 
exception of course. 
 
 
3.2 TASK 2: CLICKING 
 

Task 2 completion time

0 20 40 60 80 100 120 140 160

(10) Male, 11

(9)Female, 25

(8) Male, 16

(7) Female, 48

(6) Male, 17

(5) Male, 48

(4) Male, 55

(3) Female, 56

(2) Female, 23

(1) Male, 25

Su
bj

ec
t

Completion time (sec.)

Stylus
Mouse

 
 
The results for task 2 were more varied. 3 individuals completed the task faster with 
the mouse, and 7 were faster with the stylus. Overall, stylus remained the fastest 
input modality.  
 
Errors occurred 5 times for the stylus, and, 8 times for the mouse. “Clicked outside 
the intended area” was the only listed error during this task. 
 
The 3 subjects faster with the mouse had small differences compared to the stylus 
completion time, except subject 10, who was 21 seconds faster. He was also the one 
who was faster with the mouse when performing task 1. 5 subjects had small 
differences in completion time. Subjects 1, 2, 3, 6, and 8, all had a difference of 7 
seconds or less (with fastest input modality varying). Subject 4 had the biggest 
difference with 54 seconds in favour of the stylus, meaning stylus completion time 
was 59 % of mouse completion time.  
 
Subject 10 continued to be faster when using the mouse. He was accompanied by 
subject 2and subject 3, who were both faster with the mouse, although their finishing 
times between input modalities differed very little (2 and 6 seconds, respectively). 
 
 
 

 15
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3.3 TASK 3: DRAGGING AND CLICKING 
 
 

Task 3 completion time

0 20 40 60 80 100 120 140 160

(10) Male, 11

(9)Female, 25

(8) Male, 16

(7) Female, 48

(6) Male, 17

(5) Male, 48

(4) Male, 55

(3) Female, 56

(2) Female, 23

(1) Male, 25

Su
bj

ec
t

Completion time (sec.)

Stylus
Mouse

 
 
Task 3 was included in the study to act as a standalone task, but also to strengthen 
any possible results given by tasks 1 and 2.   
 
Although most were significantly faster with the stylus, differences were not as big as 
with task 1. All subjects except subject 10 were faster with the stylus in this task, 
including the ones faster with mouse in one of the previous tasks. Except from 
subject 10, no subject was faster with the mouse in more than 1 task. 
 
A couple of things stand out. Subject 8, who had been faster with the stylus during 
both tasks 1 and 2, suddenly performed much better when using the mouse (38 
seconds, or mouse completion in 72 % of stylus completion time.). Subject 10 was 
the other individual who performed better when using the mouse, which is consistent 
with his previous results.  
 
Some who had big differences in both previous tasks showed smaller differences 
now. Subject 4 had a smaller, but still significant, 20 second difference.  
 
 
 
 
 
 
 
 

 16
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3.4 AVERAGE TASK COMPLETION TIME 
 

Average task completion time

114,5

110,3

113

105,3

96,9

87

0 20 40 60 80 100 120 140

Task 3: Dragging and Clicking

Task 2: Clicking

Task 1: Dragging

Time (sec.)

Stylus
Mouse

 
 
 
The average completion times shows that the subjects showed the biggest 
differences when performing task 1, where stylus input was completed in 78 % of, or 
26 seconds faster than, mouse completion time. 
 
Task 2 was performed 13.4 seconds faster with stylus input on average. This equals 
a stylus completion time in 88 % of mouse completion time. 
 
Task 3 produced the smallest difference. Stylus input was on average 9.2 seconds 
faster than mouse. The task was finished with stylus input in 92 % of the time 
required to finish it with the mouse. 
 
Although there were individuals who were faster with mouse input in 1 or more tasks, 
the overall results are clear: stylus completion time is faster across all tasks. 
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3.5 ERRORS 
 

Errors
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1
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Clicked outside the intended area

Lost pen pressure/mouse button during drag

Placed icon in the wrong place

Double-clicked (opened) icon

Task 3

Clicked outside the intended area

Task 2

Clicked outside the intended area

Lost pen pressure/mouse button during drag

Placed icon in the wrong place

Double-clicked (opened) icon

Task 1

Number of occurences

stylus
mouse

 
 
Opening an icon by mistake by double-clicking it occurred only with the stylus in task 
1, and placing the icon in the wrong place occurred only with the mouse. With task 3, 
however, both errors occurred equally with both input modalities. Losing pressure 
during the dragging motion was more common throughout with the stylus than the 
mouse (10 times vs. 4).   
 
Clicking outside the intended area happened more with the mouse than the stylus 
throughout all 3 tasks.  
 
The total number of errors was 30 for the mouse and 25 for the stylus. The stylus had 
fewer errors in tasks 1 and 2, but the same number of errors as mouse in task 3. 
 
The two fastest subjects using stylus in task 2, subject 4 and subject 9, both finished 
the task without errors using any of the input modalities. Few errors do not seem to 
guarantee a short finishing time; subject 4 was slowest at using the mouse even 
though no errors occurred. Across all subjects, errors occurred pretty evenly, making 
it difficult to find any connections between error rate and speed, at least on an 
individual level.   
 
 
 
 
 
 
 
 
 18
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3.6 INTERVIEW ANSWERS 
When asked if any input modality felt faster than the other, all subjects answered that 
stylus felt faster when performing a dragging task (such as task1) (including subject 
10, who was actually faster with the mouse). Although most felt the stylus was faster 
when clicking as well, 3 said mouse felt faster when clicking. 2 of these were 
individuals who actually were faster clicking with the mouse, and one was faster with 
the stylus.  
 
Almost all subjects (8 out of 10) found the stylus to be more fun to use. A few chose 
to explain further, like subject 5, who said: “Pen is more fun to use, but I think that´s 
just because it´s new. When you get used to it, I don´t think it will feel more fun than 
the mouse anymore”. Some said it was more fun simply because it gave them more 
precision. Subject 9 said: “It is more fun to use the pen since it is easy to just point 
where you want to on screen”.  
2 said they did not find one input modality to be any more fun to use than the other. 
 
The positive things the subjects mentioned about the mouse were the following: the 
mouse is a tool most people are used to using with a computer. It has more buttons 
than the pen. It can also be calibrated so small movements are all that is required to 
move the cursor across the screen.  
 
Not many could actually mention anything negative about the mouse. Subject 9 said 
that looking on the screen and trying to move the hand the right amount (to move the 
cursor into the desired position) can sometimes be hard. Subject 4 said the risk of 
injury to the arm and elbow due to static movements was a big disadvantage. 
 
Almost all subjects agreed that one of the most positive things about the stylus is the 
precision it brings. Since most are used to normal pencils, it is easy to place the tip of 
the stylus with high precision.  
 
There were a number of negative aspects about the stylus brought forward. 2 
subjects worried about the ergonomics after extended use, since the arm/hand 
always has to be moved “fully” unlike with a mouse. This is because of the absolute 
positioning previously mentioned. Subject 9 said the only drawback of the stylus was 
the fact that the user often obstructs part of the screen with the hand/arm when using 
it, limiting the view. 
 
 
 
 
 
 
 
 
 
 



- THE INPUT RACE - 

 20

4. DISCUSSION 
 
The results of this study show a couple of things clearly. Please remember that all 
results and conclusions made in this chapter are done so only in relation to this study 
and may not be applicable to any other situation. 
 
When performing the tasks given in this study, stylus input is faster and produces 
fewer errors than the mouse. Although stylus input seems to work best when 
performing dragging actions, it was also faster when clicking. The reason stylus 
performs so well can maybe be found in the fact that when using a mouse, the user 
has to look on the screen and move the hand accordingly. When using the stylus, 
there is always that direct feedback of always seeing where the tip of the stylus is 
placed.  When picking up/placing icons with the mouse, it seemed considerably 
harder for the subjects to place the cursor in the right place. Many times a participant 
would over-compensate or under-compensate the mouse movement. This forced 
them to adjust their hand movement after they had seen the on-screen cursor react 
to their input. With the stylus, they had an entirely different level of control. This is 
also shown in the fact that subjects clicked outside the intended area much more 
when using the mouse. 
 
Clicking, and holding pressure, seems to be the hardest things with the stylus. Errors 
of loosing pressure occurred with the mouse, but not to the same extent as with the 
stylus. With a touch-screen, the stylus has to be held down firmly to maintain the 
pressure representing a single-click. With a mouse, a button has to be held down, 
which is perhaps easier to keep pressed.  The precision of the stylus worked in its 
favour when clicking as well. 
 
In general, no real connection between error rate and completion time could be 
found. Errors were pretty evenly distributed across all subjects, and no one had a 
significantly higher number than anybody else.  
 
A couple of things stand out in the results. Only 1 individual out of 10 performed 
better with the mouse throughout all tasks. The most remarkable thing has to be the 
young man who performed better with the stylus in both tasks 1 and 2, but not task 3. 
The reason for this is hard to understand. Perhaps it was because of a lack of 
concentration, or fatigue (even though all subjects were encouraged to take breaks). 
It is also possible that this individual found a combination of clicking and dragging 
harder with the stylus than the mouse. 
 
It is easy to understand why many public systems, such as booking terminals, are 
equipped with touch screens. The need for implementation of any other input, such 
as mouse/mousepad or trackball, is unnecessary. Everyone knows how to point their 
finger, so that probably helps from a usability perspective. Furthermore, if the results 
of this study are anything to go by, it probably also saves time. The interface on these 
systems is often very easy to understand with large buttons which are very hard to 
miss, so mistakes caused by clicking the wrong button should be minimal. 
 
It is possible that these results would have been different had the study been 
performed on a larger screen. To move icons by hand on really large displays, like 
the ones Meyer dreamed about,  the user would have to move their entire body to 
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reach each end of the screen. On screens of this size, it seems reasonable to believe 
that a mouse, with the non-absolute positioning, would benefit. 
 
So, how can this study help us? There is a strong indication that touch-based 
systems are faster when it comes to many of the tasks often performed on a 
computer. When clicking or dragging, time can be saved. There is one thing that 
maybe keeps touch-based systems from becoming more common in the average 
household: typing. The combination of a stylus and a keyboard seem to cause some 
inconveniences when switching between the two. If this really is a problem is perhaps 
something a future study can resolve. If the technology of multi-touch displays 
(screens that can register more than 1 input at a time) evolves into consumer 
products, typing on a virtual, on-screen keyboard might be as fast as typing on a 
traditional keyboard. If this happens, one of the major drawbacks of touchscreens will 
be fixed. With most current technology, screens can only detect one point of input. 
 
 
 
 

5. FUTURE WORK 
 
This study is focuses on using only one input modality at a time. Many times when 
using a computer, the user switches between typing and navigating through the 
interface using an input modality. Future work could be done in this field. Is it faster to 
switch between mouse and typing than stylus and typing, or vice versa? Is one input 
modality better in combination with other input modalities? 
 
Other future work could test text input speed by comparing keyboard, stylus and 
voice recognition. This study would probably take a longer time to finish since 
problems like handwriting recognition would have to be addressed. 
 
A study could also be focused on the relation between screen size and which input 
modality is the fastest. Would it be correct to say that smaller screens benefit from 
stylus input, and really large screens are faster to work with if mouse, or any other 
non-absolute positioning input modality, is used? 
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