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Abstract 
In this paper we present a new interface model for 
mouse-based input. Following the model of a bubble 
cursor, three additional new types of cursors were 
created. With the bubble cursor, the cursor is not 
required to be on the target, but rather it will select the 
nearest clickable target, and displaying this by drawing 
a bubble around the cursor with a radius to just hit the 
nearest target. 
All used the same basic functionality, but one without 
the visualization of the bubble (“halo”), and two with 
limited range (“fixed halo” and “fixed bubble”). A 
realistic interface layout was created and then used to 
test these cursors. Data indicated that the bubble 
cursor performed slightly better than the normal 
cursor, and the fixed bubble cursor had highest 
performance overall. The halo and fixed-halo cursors 
did not perform as well and left a number of users 
confused.  
 
Introduction 
The most common form of computer input for devices 
without touch capability is the mouse and cursor 
method. This form of input can be frustrating and time 
consuming as the hit-box area for the cursor is small 
and requires the user to click directly onto their target. 
The bubble cursor (Grossman & Balakrishnan, 2005) 
was created to allow for better performance while using 
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a mouse and cursor based device. Figure 1 shows an 
example program featuring this cursor.  
 

 
Figure 1. An implementation of the bubble cursor for testing. 

 
It is a small program that generates randomized 
circular blue hotspots within a window. The aim of one 
trial in the program is to select the circle that is orange. 
The cursor does not require that users click within the 
exact area of the button they are trying to select, so 
users can navigate to the next phase more quickly. The 
green bubble expands based on the cursors’ distance to 
the nearest point and highlights that point. We found 
the concept of a bubble cursor interesting, but believed 
that the test implementation, where the targets are 
randomly placed was not a realistic example. Therefore, 
we chose to test the bubble cursor in a scenario where 
the targets mimic what you would find in a common 
program or on a common website. We further 
speculated that a visible bubble might interfere with 

information on a webpage and investigated different 
ways to limit the influence of the cursor. One method 
was to limit the distance that the cursor could be from 
the target which resulted in the fixed bubble cursor. 
The other was to make the bubble invisible (the halo 
cursor). We combined these methods to produce a 
fixed halo cursor. We hypothesized that the bubble 
would ultimately perform faster than the normal cursor, 
as the distance needed to move the mouse is shorter 
and accuracy is not as necessary. In the following 
sections, we will detail our testing of the bubble cursor 
and alternative methods using a realistic testing 
environment and show that users performed faster 
while using the bubble cursor than they did while using 
a normal. The fastest adaption to the bubble cursor was 
the fixed bubble. This method is our main contribution, 
as it had the highest performance without sacrificing 
accuracy while also being less obtrusive than the full 
bubble. 
 
Design 
Halo and Fixed cursors 
With the halo cursor (figure 2), we hoped to maintain 
the function of the bubble cursor but without the 
distracting graphic of the expanding circle. The bubble 
is now transparent, but the target button is still 
highlighted prior to selection. This way, the user is able 
to select a button from far range without the visual 
distraction of the circle. This could be used on a page 
that contains textual information or visuals necessary 
for understanding the system, where as the bubble 
might cause difficulty reading (see figure 3). The other 
way that we decided to remedy this distraction was by 
limiting the size of the bubble to not cover the whole 
page while the cursor was far away from the desired 

 
 

 

 
Figure 2: In top down order the 
Bubble cursor, the Fix Bubble 
cursor, the Halo cursor, the Fix 
Halo cursor and the Normal 
cursor. The red outlines in the 
images of the Halo and Fix Halo 
cursors are for illustration 
purposes and not actually 
generated.  
 



 

point. We applied this method to the halo cursor as 
well. 

 
Figure 3 - Having the full visualization of the bubble could 
easily cover information.  
Interface Design 
To evaluate the performance of our cursors we 
introduced a clicking game measuring the speed a 
person could click a randomly selected target in an 
interface. The program was written in JavaScript and 
uses the distance between the cursor and a center 
point minus the radius of the circle with the closest 
point to determine where the closest circle edge was. 
In order to simulate a real-world program, we needed 
to make the interface uniform. After analyzing a few 
websites and popular programs we found that common 
features included; a toolbar that runs across the top of 
the screen, a list menu down the left column and a 
grid-like gallery of media, similar to what can be seen 
in figure 4. To implement this, we created three zones, 
a list zone, a toolbar zone and a grid zone; and 
populated them with rectangular targets. The layout 
can be seen in figure 5. To draw the cursor in question 
we used the distance of the mouse to the closest 

target. This was done by scanning through a list of the 
targets and calculating the mouse’s distance from 
them. To calculate the distance we checked which edge 
of the target the cursor was closest to and then found 
the closest point along that edge. Once we had the 
shortest distance we drew the cursor based on its type. 

Bubble: Green circle with the shortest distance 
as its radius 

Halo: Invisible circle with the shortest distance 
as its radius 

Fix Bubble: Green circle with the minimum of 
the shortest distance or 30 pixels as its radius 

Fix Halo: Invisible circle with the minimum of 
the shortest distance or 30 pixels as its radius 

Normal cursor: No circle 

We then used this interface to perform an experiment 
to discover which cursor had the best performance. 

 
Figure 4 - An example web-page (Amazon) upon which our 
layout design was based 



 

 
Figure 5 - The layout of the targets used in the clicking game 
for the evaluation 
Experiment Conditions and Data Collection 
The data collected during the experiment includes; the 
speed to click the correct button, the type of target 
clicked, and the number of incorrect targets clicked. We 
also collected comments from the user on their 
experiences with different cursors, what their favorite 
cursor was, and whether they found any of the cursors 
obtrusive. We recruited participants through the class 
discussion forum and through asking flatmates. Our 
participant population consisted of 6 young adults, 3 
female and 3 male, aging from 17 to 40, average 23.7 
years. They all had a good amount of experience using 
a mouse. For each participant, written consent was 
obtained. The conditions of the experiment were varied 
by changing the type of cursor being used. We altered 
the order in which the cursors were used, to eliminate 
any bias from one type of cursor providing useful 
training for another. We ensured that the same 
computer and mouse were used by each participant. 

Procedure 
We used the following procedure for each participant, 
the only variation is explained in step6: 

1. Experimenter sets up experiment with the 
Bubble cursor page open. 

2. Experimenter assigns a number to the 
participant. 

3. Experimenter briefly explains each cursor mode 
to the participant with demonstration. 

4. Participant spends 2:30 minutes trying out the 
different modes, getting comfortable with 
them. 

5. Experimenter refreshes the page and enters 
the participant number. 

6. Experimenter selects an ordering for the 
cursors, the first participant uses order 1, the 
second -  order 2, the third - order 3, the 
fourth - order 4, the fifth - order 5, the sixth - 
order 1 again and so on: 

a. Order 1: Bubble, Fixed Bubble, Halo, 
Fixed Halo, Normal 

b. Order 2: Fixed Bubble, Normal, Fixed 
Halo, Halo, Bubble 

c. Order 3: Halo, Bubble, Normal, Fixed 
Bubble, Fixed Halo 

d. Order 4: Fixed Halo, Halo, Bubble, 
Normal, Fixed Bubble 

e. Order 5: Normal, Fixed Halo, Fixed 
Bubble, Bubble, Halo 

7. Participant performs 60 trials with the first 
cursor in the order. 

8. Participant is given a short break (30 seconds). 



 

9. Steps 6 and 7 are repeated for all the other 
cursor types. 

10. Experimenter saves the log. 
11. Experimenter refreshes the page. 
12. Experimenter conducts a semi-guided interview 

with the participant based on the provided 
questions:  

a. What did you think of the different 
cursor methods? 

b. Did you find any particularly 
distracting? 

c. Did you prefer a specific method?  

Participant may use program while answering 
questions. 

13. Experimenter notes down comments from the 
participant, particularly which one was their 
preference, if any; and which cursors they 
found distracting, if any. 

The experiment took about 30 minutes per participant. 

Results 
The measured performance of the 5 cursors can be 
seen in figure 6. As shown, we measured all 4 new 
cursors to be a little faster than the normal cursor, the 
fastest one being the fix bubble. Detailed averages are 
shown in table 1. When we did a T-test comparisons for 
the 4 new cursors against the normal cursor, and 
applying Bonferroni correction, we see that only the 
fixed bubble shows a significance (p < 0.027) strong 
enough to rely on the measured improvement, while for 
the other cursors, the measurements were not 
significant. 

 

 

Table 1: The average time it takes a participant to click on a 
target, in milliseconds, together with Bonferroni corrected t-
test comparison against the normal cursor. Last column shows 
the ratio of the duration against the normal cursor (0.951 for 
Bubble cursor indicates it takes 95.1% of the time to click on a 
bubble cursor compared to normal cursor).  

 

Cursor  Average 
duration 

(milliseconds) 

Significance 
compared 

with normal 
cursor. p< 

Ratio 
against 
normal 
cursor 

(avg dur 
1130ms) 

Bubble 1075 p<0.22 0.951 

Fixed 
bubble 

1019 p<0.027 0.902 

Halo 1081 p<0.83 0.957 

Fixed 
halo 

1041 p<0.32 0.921 



 

 
Figure 6: average duration it takes a participant to click a 
target, for each type of cursor. Error bars shows 95% 
confidence interval for normal distribution. 

We have 3 types of target locations: toolbar, list menu 
and grid items. Figure 7 shows the average duration for 
the different cursors, divided for each of the different 
target locations. The figure indicates that the largest 
performance gains are seen for toolbar targets. 
Because of this, we took a closer look at the statistics 
for the toolbar items alone. Figure 8 shows the 
measured average time to click on a toolbar button, for 
each cursor, and table 2 shows the detailed average 
measurements. It shows the same tendency as before, 
indicating that the fixed bubble cursor is the fastest, 
but the difference is larger, and with a higher 
significance (p < 0.014). For the toolbar, it is also 
significant that the bubble cursor is faster than normal 
cursor (p < 0.006). We also measured the number of 
mis-clicks (clicking on a wrong target) by the 
participants. Mis-clicks is not the basis of the research 
and will not undergo statistical scrutiny. The purpose is 
only to support the remaining numbers to help assess 
whether any performance gains would be at the cost of 
accuracy. Figure 9 shows the mis-clicks for the different 

cursors. The figure indicates that the improvements 
shown by the different cursors does not come at the 
expense of accuracy, as the normal cursor showed 
most mis-clicks.  

 

 
Figure 7: average duration it takes a participant to click, for 
each cursor, shown for each target location. Error bars shows 
95% confidence interval for normal distribution. 

 

Figure 8: Average duration it takes a participant to click on a 
toolbar item, for each cursor. Error bars shows 95% confidence 
interval for normal distribution. 



 

Cursor Average 
Duration 

(milliseconds) 

Significance, 
p< 

Ratio against 
normal cursor 

(1230ms).  

Bubble 1080 0.006 0.878 

Fixed 
bubble 

1014 0.014 0.824 

Halo 1135 0.29 0.923 

Fixed 
halo 

1051 0.067 0.854 

 Table 2: The average time it takes a participant to click on a 
toolbar target, in milliseconds, together with Bonferroni 
corrected t-test comparison against the normal cursor. Last 
column shows the ratio of the duration against the normal 
cursor (0.878 for Bubble cursor indicates it takes 87.8% of the 
time to click on a bubble cursor compared to normal cursor). 

 
Figure 9: The average number of mis-clicks a participant has 
when attempting to click on a target, shown for each cursor. 

Error bars shows 95% confidence interval for normal 
distribution. 
Discussion 
Duration 
Our results indicated that the bubble cursor could be 
faster than using the normal cursor, but unfortunately 
with a poor significance (p < 0.22). The average 
duration to click the target for participants was reduced 
by 55ms or 4.9% of the average time taken with the 
normal cursor. Although we have a poor significance, it 
is noteworthy that we only had 6 participants. 
Therefore there is reason to hope the significance 
would improve if more participants were included, and 
for future work it would be worth investing in 
performing the experiment with more participants. 

So if we assume the found numbers were 
representative, the reductions in time taken is likely 
due to the nature of the bubble cursor reducing the 
distance the pointer has to be from the target before 
you can click it. It also provides a larger cursor area, 
perhaps making it easier for a user to click a target.  

As the target layout in our experiment is based upon 
common web-pages, this result suggests that using the 
bubble cursor might increase the speed at which a user 
could navigate a real web-page, as well as perhaps 
other programs on a computer. As the layout of the 
screen was kept the same, an increased speed in the 
bubble cursor could also be seen as an increase in the 
ease of use. Therefore our findings also indicate that 
using the bubble cursor was easier than using the 
normal cursor. The fix bubble cursor showed even 
further improvement than the bubble cursor and with a 
far greater certainty. With, p = 0.027, the fix bubble 
cursor showed an average reduction in speed of 121ms 



 

or 9.8% over the normal cursor. This is likely caused by 
the bubble still providing an increased hit-box as well 
as information as to the cursor’s size, but also had a 
more precise area meaning that targets were not 
selected unintentionally. As the cursor with the fastest 
performance and highest certainty, we conclude that 
the fixed bubble cursor was the best to use for screen 
navigation of fixed rectangular targets and likely the 
easiest to use.  

The other cursor types, halo and fix halo, did not show 
improvement with a reasonable degree of certainty (p 
> 0.05). Whilst we believe that these cursors might be 
less obtrusive than the bubble cursor; our experiment 
did not yield confident enough results to state that it 
would provide a performance increase over the normal 
cursor.  

Mis-Clicks 
By looking at the number of mis-clicks we can 
determine that the new cursors did not negatively 
affect the accuracy of the subject. On designing our 
cursors we were worried that the bubble and halo 
cursors property of always having a target selected 
would lead to an increase in clicking the wrong targets. 
This would be particularly harmful in a real-world 
situation as a user would have to wait for a new screen 
to load before they could return leading to a delay and 
likely an increase in irritation. As we can see from 
figure 9, the average number of mis-clicks for the other 
cursors is less than that of the normal cursor. This 
indicates that the new cursors are not sacrificing 
accuracy for speed in their performance. 

Target type 
On looking at figure 7, we can see that the cursors 
affected performance differently by the type of target. 
Whilst the improvement to grid items was negligible, 
the duration to click for list and especially toolbar items 
was far shorter, see figure 8. So much so, that for 
bubble cursor the improvement over normal cursor 
becomes significant (p < 0.006) as well as for the fixed 
bubble (p < 0.014). This may be due to the fact that 
the size of the cursors in the grid items were far larger 
than the toolbar and list items, requiring less care in 
selecting them. Indeed, during the experiments we 
noticed subject would click straight on the grid items 
when using all the cursors, but would rely on the added 
features of the new cursors when the target was a list 
or toolbar item. This result indicates that use of the fix 
bubble cursor might be improved only in selected 
locations such as in lists, toolbars or other locations 
with small icons. It would be simple to select container 
panels or panes in web pages or applications to convert 
the cursor into a fixed bubble cursor inside them, 
therefore ensuring that the normal cursor could be used 
on the rest of the page. 

User Experience 
We recorded people’s opinions of the different cursor. 
Not one individual cursor stood out as preferred 
experience, rather opinions varied person to person. 
Some consistencies did arise however; the majority of 
subjects found the halo cursor to be confusing with one 
subject reporting “I didn’t like the halo one because I 
couldn’t see it”. We introduced the halo cursor as an 
alternative to the bubble as we believed it would be 
less obtrusive, however if users did not have a good 
experience using it then it did not provide enough of a 
performance improvement to consider using it. Perhaps 



 

with more exposure, participants would start to prefer 
it but currently other cursors out-perform it on user 
experience and speed of use. 

Another common opinion was that the bubble cursor 
was distracting. Participant 2 noted that the “bubble 
was deceptive, I thought it was going to be helpful but 
it just wasn’t”. This fit with our observation that the 
large bubble, that rapidly changes size might be 
distracting or cover text on the page. This 
demonstrates advantage to the fix bubble cursor as it 
has a capped maximum size, limiting how intrusive it 
is. Indeed, two of our participants indicated that fixed 
bubble was their favourite cursor that they tried and 
there was no negative feedback about it. The furthers 
our conclusion that the fix bubble would be the optimal 
cursor. 

Conclusion 
Here we have presented the bubble cursor as well as 
three new cursor designs; halo, fixed bubble, and fixed 
halo. We then displayed a clicking game to determine 
the performance of these cursors when used in a web-
page like environment. We reported an evaluation of 
their performance against the standard method of 
mouse input, the normal cursor. We analysed the 
results of our investigation and found that only the 
fixed bubble cursor can be said to provide a strong 
improvement over the normal cursor with a reasonable 
degree of certainty (p = 0.027). The experiment also 
revealed that this increased performance was not due 
to sacrificing the accuracy of the clicks as the fixed 
bubble scores showed fewer mis-clicks on average than 
normal cursor. User feedback indicated that halo cursor 
was confusing to use and the bubble cursor was 
distracting whilst the fixed bubble cursor received no 

negative comments. Consequently, we can conclude 
that the fixed bubble cursor was found to be user 
friendly and decreased the time required to click a 
target, indicating that it is easier to use. This bubble 
cursor can now be used in certain zones on web pages 
or programs, particularly in toolbar areas to improve 
user experience and decrease clicking time. 

Future work 
During one of our user evaluation interviews, one 
participant suggested a line attaching the cursor to the 
closest target instead of a bubble. Such a method 
would be less intrusive and also provide directional 
information as to the closest target. Further 
investigation as to its performance over the fix bubble 
and normal cursors would be useful. Furthermore, our 
results indicated promising starts with the halo, bubble 
and fixed halo cursors but our results had too much 
uncertainty to confirm anything. Repetition of our 
experiment, but with larger numbers of participants, 
could yield more confident data. Finally, another 
investigation into the user experience of the fix bubble 
cursor might prove useful. Our own interview technique 
only discovered that participants appeared to take no 
issue with the fix bubble cursor; a more focused 
investigation could determine whether the cursor was 
indeed pleasant to use. 
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