




• The above table is a summary of the characteristics for each mouse being tested, 
including a traditional mouse used as the control.







• Subjective user satisfaction should be considered in addition to objective performance 
measures for usability testing.









• Data was collected over three days (at the convenience of each participant).
• A brief description of the study and the overall procedure were given to the 

participant at the beginning of the experiment each day.  Participants were asked to 
save their own performance data (a quick copy-and-paste task) after each 
experiment in order to test out the right-click and scroll function of the mice.



• To measure performance, the Fitts' radial reciprocal task (which examines the 
pointing speed and accuracy for the single left-click) and the spiral task, a variation 
of the trajectory-based HCI task (which examines the dragging speed and accuracy 
for the single left-click) were used.



• To understand user satisfaction, questions were asked about the look and feel and 
the usability of each mouse, as well as any physical discomforts that the participant 
may have experienced during and after completing the Fitts' and Spiral tasks. The 
interviews were conducted immediately after the performance tasks. 



• On a separate day of data collection, hand postures were recorded using the 3D 
Motion Capture system. 



• The Vicon Motus motion capture system was used for video-based, optical tracking. 
9.5mm reflective markers were positioned on the participant's hand, wrist, and 
forearm. 

• The photo shows the experimental conditions with the positions for the three 
cameras and the testing surface. The room was kept dark during the experiment so 
the lights could reflect the markers effectively for video capturing. 





• This photo shows the position of markers used for the 3D motion capture and the 
vector angle formed by MCP III, wrist joint center of rotation, and forearm marker for 
the reference posture.

• The global coordinate is also shown in the picture.



• Participants were first asked to be in the normative/reference (wrist pronation; left 
photo) posture. The right photo shows how the wrist would look in the neutral 
position.

• Participants were then asked to hold the test mouse as they would to use it.



• Significance was determined at the .05 level for all statistical analyses. 
• Performance data for the Fitts' task was analyzed using throughput data suggested 

in the literature. 



• The Bonferroni test and the Tukey's test are both statistical methods used to 
compare pairs of means. The grouping information shows comparison - those that 
do not share letters indicate that there is a significant difference between the 
means. 

• All four mice are in different letter groupings and therefore, are all significantly 
different from each other.

• Detailed results can be found in Appendix B.



• All four mice are significantly different from each other.
• The control mouse has the highest throughput, followed by the Touch mouse, then 

the Penclic mouse, and finally the Penguin mouse.





• Performance data for the Spiral task was analyzed using the throughput data, the 
same method used for the Fitts' task. 



• The Bonferroni test and the Tukey's test are both statistical methods used to 
compare pairs of means. The grouping information shows comparison - those that 
do not share letters mean that there is a significant difference between the means. 

• The throughput for the touch mouse and the control mouse are not significantly 
different; however, the touch mouse is significantly different from the Penclic and 
the Penguin mouse.

• The throughput for the control mouse and the Penclic mouse are not significantly 
different; however, the control mouse is significantly different from the Penguin 
mouse. 

• The throughput for the Penclic mouse and the Penguin mouse are not significantly 
different from each other. 

• Detailed results can be found in Appendix C.



• The Touch mouse has the highest throughput, followed by the control mouse, then 

the Penclic mouse, and then the Penguin mouse.

• Specific p-values from  the Bonferroni test and the Tukey's test can be found in 

Appendix C.





• This table shows the specific throughput means for all combinations of the spiral 
task.



• This table shows the specific number of errors for all the combinations of the spiral 
task.

• The control mouse had the least errors overall. The Touch mouse and the Penguin 
mouse followed, and the Penclic mouse had the most number of errors.



• In terms of preference, the users did not care much for the look and feel of the 
control mouse. Some users reported that they liked the texture and the color, while 
others mentioned that they would prefer other color options. 4 out of 7 people did 
not like the connecting wire. One reported that the size was too big, while two other 
users liked the size (and shape) because they could rest their palm on the mouse.

• In general, users liked the unique shape and the small size of the Penclic mouse. 
One user reported that they liked it because it felt familiar to holding a real pen. 
However, the base of the mouse was viewed as an irrelevant component. Three 
users mentioned that there were too many buttons. One user disliked the texture of 
the Penclic. 

• The Penguin mouse was received well for its physical appearance. 4 out of 7 users 
liked the shape, and 3 of them used the word "cute" to describe it. Users reported 
that they also liked the pronated holding position of the Penguin. 2 users felt that 
the mouse was too bulky for their hands (although it was the size Small Penguin 
mouse). Users also did not like the wired aspect of the mouse.

• Some users commented on the streamlined look Touch mouse while still retaining 
the familiar shape of the traditional mouse. Most users perceived the weight and 
shape of the mouse as high quality. 



• The differences in bar lengths reflect the relevant level of usabilities. They do not 
represent how much the usability exactly differ.

• In terms of ease of use, users consistently showed positive reactions towards the 
control mouse

• Users in general had somewhat negative reactions towards the Penguin – users 
thought that it was the most difficult to use.

• For the Touch and the Penclic mouse, there were some disagreement between 
users regarding the ease of use. The comparison of ratings and user's feedback 
from the questionnaire indicate that the control mouse and the Touch mouse were 
easier to use due to the high level of familiarity with their conventional designs. 
While innovatively designed, users were confused by the Penclic and Penguin 
design in how they were to be used.



• The darker colored bars represent the results of perceived ease of use for each 
mouse after the experiment. The lighter colored bars represent those results of 
using the same mouse at the beginning of the experiment. 

• By the end of the experiment, the control and the Touch mouse were still perceived 
to be easier to use than the Penclic and the Penguin mouse. This indicates that the 
innovative and unique design elements in the Penclic and Penguin are not easy to 
pick up in the 7-10 minutes of use. 

• The perceived ease of use for Penclic increased somewhat after the experiment, 
while the perceived ease of use for Penguin did not change as much. When 
comparing the ease of use during and after the experiment, for Penclic, 4 users 
reported an increase in perceived ease of use. For Penguin, only 2 reported 
improvement. We do note here that these ratings are not numerical but ordinal. 



• The average rating for left click is relatively high for all four mice. Still, some outliers 
exist. 



• For the right click function, the results varied between the different mice. 
• For Touch, the one-button design was liked by some while disliked by others.
• For Penclic, most people found it difficult to perform the right click function. The 

Penclic has five buttons in total, and according to one user, two of the buttons were 
for the right click. 3 out of 7 users reported that the right click button was not easy to 
find. One user reported that the right click was easy to use once you find it. 3 out of 
7 said they wished it had fewer buttons - too many buttons did not make the design 
intuitive.

• For the Penguin, 6 out of 7 responded that the right click was intuitive to find. 2 out 
of 7 reported that they felt the right click was located too high for their fingers.



• For scrolling, the control mouse and the Penguin had higher ratings than the Touch 
and Penclic mouse. However, for the Penguin, some users reported having 
confusion in regards to the verticality of the design.

• The overall rating for the Touch mouse reflects that it is pretty easy to use. 
However, one user reported that she didn't know how to scroll. Although other users 
didn't report this problem, some comments indicated preference towards the wheel 
design. 

• The Penclic had the overall lowest rating. 3 users mentioned the position of the 
scroll wheel to be too far from the hand when they grip the mouse. 



• This is a summary of the main contributions for the usability scores of each mouse.

• For the Control mouse, only one user reported the size of the mouse to be too 
large. 

• For the Penclic mouse, the swivel base of the pen allowed users to easily shift the 
holding grip.

• For the Penguin mouse, the "neutral" wrist posture actually made it more difficult to 
work with and to control.

• For the Touch mouse, being able to touch with any part of the hand alleviated the 
fatigue of the index and middle fingers. However, the touch surface was too 
sensitive for some users.



• Overall discomfort levels increased when using the Control and the Penclic mouse 

whereas, discomfort levels decreased when using the Penguin and the Touch 

mouse. 



• From the discomfort question responses, users specifically reported issues in 

regards to the vertical mice (i.e. Penclic and Penguin). 

• Users reported discomfort at lower and upper arm when using vertical mice. 

Particularly for the Penguin, 5 out of 9 discomfort reports are associated with arm.

• Penguin also has lower ratings in discomfort, associated most with the fingers.



• The frustration level tells us about the impact of each mouse's 
advantages/disadvantages on the users. A cheerful reaction shows that the design 
is perceived as favorable to a noticeable extent. The frustration indicates the mouse 
having major problems. 

• The control mouse had the most neutral responses with the key description being 
"familiarity"

• The Touch mouse was cited as good looking and easy to control. One user was 
frustrated because of the right click function. 

• Penclic was rated positively due to the innovative design, but its sensitivity to 
movements and confusing button design made several users feel frustrated. 

• Similar to the Penclic, the Penguin was also rated positively by one user because of 
its innovative design. However, most users commented that the vertical design 
actually made them experience more discomfort.







• Repeated Measure ANOVA was used to analyze the data (included in separate 
attachment file). 









• According to the objective findings and user's subjective feedback, the following 

slides suggest some design recommendations for future improvements.



Detailed explanation of the recommendations:

• Several users mentioned that the base made it uncomfortable to use. Removing the 
base will allow the user to rest their hand onto the desk surface. There was also not 
enough friction between the pen and the base, so the users felt that the pen angle 
slipped in their grip too easily. Make the angle between the pen and the base more 
fixed so that the mouse doesn't slip and abruptly changes angles.

• Users indicated that it was unclear what the functions of all the buttons were, and 
having them on the small pen made it difficult to access each button separately. 
One suggestion that was frequently brought up was to move the right click button 
under the thumb, as it was difficult to move the index finger while holding the mouse 
in order to do the right click at the current position.

• Users suggested that the scroll wheel be brought closer to the center where it 
would be easier to find and reach. Currently, reaching the scroll wheel forces the 
user to let go of the pen grip, and users preferred to be able to use the scroll without 
letting go of the pen.

• In order to fit a wide range of anthropometric measurements of the users, offering 
more than one pen diameter option was suggested. 

• Finally, all users reported that the current default settings for mouse movement 
sensitivity was too sensitive, so we recommend that the sensitivity levels be 
reduced. 



• Even though we tested the smaller size of the two size offerings of the Penguin, 
some users felt that it was still too big and bulky for their hands.

• Users also reported the Penguin to be too heavy in comparison to the other mice, 
and it also took most effort to move with the mouse because it had the most friction 
between the base and the surface. We recommend that the weight of the mouse is 
reduced if possible, and make the base smoother for easier movement. 

• Using the mouse in a neutral wrist position caused discomfort (e.g. compression of 
the ulnar nerve on the side of the hand, sore arms). In order to reduce the user's 
effort during use, a semi-pronated wrist position is recommended.

• To reduce the discomfort of the middle finger and to reduce the confusion that some 
of the users experienced, the scroll wheel or the right click button could be 
positioned at the thumb. 



• Some users recommended reducing the sensitivity of the scrolling area, so the 
user's intention and the mouse action would be coherent. However, another user 
pointed out that the scrolling function has a delayed response and thus, adding a 
manual scroll wheel would be more intuitive and easier to use. The user could use 
their thumb to operate a scrolling wheel while keeping the rest of the fingers on the 
touch surface. 





• Users may have been used to conventional mouse designs that are in the wrist 
pronation position, resulting in better performance and higher preference. This 
familiarity may be difficult to override with innovative mouse designs. Once the 
users become fully accustomed to the Penclic and Penguin mice, results may be 
different.

• Although the neutral wrist position is best for reducing discomfort in a static 
position, mousing activity (e.g., moving the mouse from side to side) in this position 
may induce further wrist flexion or extension. Mousing activity in wrist pronation 
may induce radial or ulnar deviation movements. 

• Individual differences in performance, posture, or preference may affect the results 
of each dimension. For example, users who performed well with the Penclic mouse 
due to a certain posture may have a higher preference for it than users who did not 
perform well. 



• While the spiral task has been used to test input systems in previous literature, our 
version of the spiral task was developed by one of the team members and has 
never been used by any other researchers. The validity of the spiral task is needed. 



Thank you.






















