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ABSTRACT 
Multitouch technology allows the users to use both their 
hands and multiple fingers to manipulate digital content 
directly on the screen. This paper attempts to analyze the 
actual convenience of bimanual and multifinger 
manipulation on a multitouch display by conducting three 
observational experiments and studying how a group of 
volunteers use their hands and fingers when interacting with 
digital content on a touchscreen surface. In addition, the 
participants had to fill in a questionnaire where they give 
some additional insights on how they experienced the use 
of multitouch-based interface during the experiments. The 
results suggest that when participants were performing 
tasks in which they were instructed to manipulate the digital 
content as fast as they could, a high percentage of them 
resorted to the use of at least some level of bimanual 
manipulation of the digital content. However, when 
participants were told to perform the tasks calmly the big 
majority of participants decided to move the objects by 
using only one hand (unimanual). Same-hand multifinger 
manipulation was also used by a high percentage of 
participants when moving several objects simultaneously. 
Nevertheless, in all three experiments the most common 
way of moving objects across the screen was by dragging 
them one at a time (sequential move). Finally, in relation to 
the personal assessment made by the participants, a total of 
70% feel that the possibility for engaging in bimanual 
interaction, that multitouch interface offers, is a clear 
benefit and advantage over traditional keyboard and mouse. 
However, 40% of the respondents feel that the use of mouse 
still is a more effective and natural form of interaction than 
multitouch technology.  
 
Keywords: multitouch surface, direct-touch input, 
touchscreen, bimanual input, two-handed input, multifinger 
input, human-computer interaction, natural user interface, 
NUI, descriptive study.  

Introduction 

Ever since the computer era began, the general paradigms 
of how the user interacts with these machines have been 
constantly changing. In the fifties and sixties computers 
were enormous and could take up an entire room. Input was 
mainly based on punched cards and paper tapes, whereas 
output information was usually printed out or displayed on 
a very rudimentary monitor. Later on, in the early eighties, 
computers became considerably smaller and could fit on a 

regular office desk. These workstations, that can be still 
found today, rely on a graphical user interface (GUI), where 
the users can see graphical information displayed on a 
monitor while the data input is mainly done by selecting 
objects on screen with a pointing device, such as a mouse, 
and typing information on a keyboard. Over thirty years 
have passed and the GUI still is the dominant paradigm on 
which interface designers are basing most of the 
applications being developed today. During the last decade, 
however, multitouch displays are being increasingly found 
in many computerized devices such as tablets, mobile 
phones and personal computers. This technology allows 
users to directly select and manipulate objects on screen by 
simply using their fingers, without the need for an 
intermediary pointing device such as a mouse, and therefore 
this interface mode is widely known as direct-touch input. 
These new ways of interaction have given origin to what 
many authors are currently calling NUI or natural user-
interface (see section below for further information on this 
topic), which makes use of different forms of interaction to 
create more natural user interfaces to push forward the 
development in the field of human-computer interaction 
(HCI).  

Most studies being conducted regarding the use of 
multitouch and direct-touch input interface tend to focus on 
the benefits that this technology has in terms of an increase 
in efficiency and input bandwidth. In other words, they 
have been mainly concerned about issues such as selection 
time and error rates. And although efficiency is certainly an 
important aspect of interaction design, it is definitely not 
the only criteria by which a particular interface should be 
evaluated.  

Humans use both their hands to execute a wide variety of 
tasks in daily life [7]: slicing a loaf of bread, putting things 
in order on a desk, playing cards or putting together a 
puzzle, are just a few of many activities that are usually 
performed making use of our bimanual capacity and the 
ability to move several objects in parallel. Multitouch 
technology is able to sense multiple inputs made 
simultaneously on the screen surface, hence allowing the 
users to manipulate several objects on screen by using both 
their hands and as many fingers as they want. Nevertheless, 
many computerized systems are still constrained by the use 
of the traditional mouse for manipulating digital content, 
not allowing users to perform two-handed tasks nor moving 
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several objects simultaneously, as they would eventually do 
it when manipulating object in the physical world.  

In this paper, rather than focusing on efficiency aspects 
such as selection time and error rates, the analysis centers 
its attention on the possibilities that multitouch technology 
can offer to provide a more natural way for interacting with 
digital content. To this purpose three experiments were 
conducted in order to analyze how people use their hands 
when manipulating digital objects on a device equipped 
with a multitouch screen. Thus, this study is in essence a 
descriptive research on the use of hands on a multitouch 
display, trying to give some insights regarding the actual 
desirability and convenience of bimanual and same-hand 
multifinger interaction that this type of interface can offer.  

Background and related work 

As mentioned above, most of the research done regarding 
multitouch-based interface has tended to take quantitative 
measurements in terms of e.g. the elapsed time to complete 
a particular task or the error rates when selecting a target, in 
order to determine how precise and effective can direct-
touch input be for selecting and moving objects by simply 
using the fingers. Nevertheless, some authors have 
recognized the many advantages that the use of this type of 
interaction can offer in terms other than pure efficiency and 
more related to the way in which multitouch technology can 
improve the human interaction with computers and provide 
a more natural way of manipulating objects on screen so 
that the user experience will be rich in possibilities and that 
it will offer high level of flexibility. The following is a 
selection of some of the main concepts that inspire the 
development of ever more natural and flexible user 
interfaces. Additionally, a brief review of some of the major 
studies made regarding the use of multitouch-based 
interface is presented, Note that the selected studies cover 
both the efficiency-related topics on selection time and 
error rates as well as other issues related to the cognitive 
benefits of bimanual and multifinger manipulation.  
NUI 

Different authors such as Hofmeester and Wixon [10], 
Matulic [14],  Rauterberg [16] are a good example of the 
many proposals that have been given regarding how 
developers can create interfaces that are considerably easier 
to use, not only for casual use and entertainment but also 
regarding productivity-related tasks. Matulic describes how 
the ever-growing use of tablets and smartphones equipped 
with multitouch technology has considerably changed the 
way in which people interact with digital content to the 
point where touchscreen interface has started to find its way 
to the realm of desktop and portable personal computers. 
These authors advocate for the use of interaction design 
paradigms based on NUI (Natural User Interface) to create 
the next generation of computerized systems that can offer, 
as the very term suggests, a form of interaction that feels 
more natural and easy to use. This innovative concept 

implies the use of new types of interfaces i.e. voice 
recognition, body motion capture and multitouch displays, 
to mention just a few technologies, that will allow humans 
to interact with computers in a significantly more flexible 
way, which had not yet been possible by means of the 
traditional desktop computer interface based on the use of 
mouse and keyboard as the sole form of interaction.  
The post-WIMP era 

Most of today’s computers are based on the use of a WIMP 
(windows, icons, menus and pointers) type of interface, 
which poses clear limitations to what we can actually do 
with a computerized system, considering that this interface 
concept dates back to the late seventies and early eighties. 
Hinckley [8] and Matulic [14] describe experiments done 
using sophisticated computers based on touchscreen 
displays and other types of computer-driven tools such as 
stylus and other drawing devices aimed for professional use 
such as two-handed virtual manipulation of images for 
medical purposes and for the publishing industry. The 
WIMP-based interface has worked well for many different 
purposes, but one must not forget that its conception, being 
over thirty years old, is no longer allowing people to use the 
full potential that modern computing can offer nowadays.  
Advantages of direct-touch input 
interface 

Some of the first comprehensive studies measuring the 
efficiency and accuracy of direct-touch input interface 
based on the use of touchscreens were conducted by Sears 
and Shneiderman [18]. Their experiments measured how 
much time it took for the participants to select objects of 
different sizes using their fingers on a touchscreen device 
compared to the same tasks being performed using 
traditional mouse. In addition, he measured the amount of 
errors (unsuccessful selections) that the participants made 
using both interface modes. They concluded that the 
selection time for the participants using touchscreen was in 
average shorter than when selecting objects using a mouse. 
Likewise, the error rate was also in average lower when 
using touchscreen in comparison to the use of mouse. 
However, he noticed that as the target to be selected 
becomes smaller then both selection time and error rate 
start increasing considerably when using touchscreen to the 
point where using mouse becomes more effective (both in 
terms of selection time and error rate).  

Another experiment conducted by Forlines et al. [5] further 
develops this notion by doing a comparison, both in 
quantitative and qualitative terms, between direct-touch and 
mouse-based input. The results indicate that users had a 
slightly better performance in terms of selection time and 
error rates using a traditional mouse when executing 
unimanual tasks. On the other hand, users performance was 
slightly better using direct-touch input when they were 
dealing with bimanual tasks. In relation to the users 
qualitative evaluation, the study showed a clear consistency 
between their preferences and their actual performance. 
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When the participants were asked which one of the two 
interfaces they preferred when executing unimanual tasks, 
the majority mentioned that they preferred using mouse 
(75%). On the contrary, when they were engaging in two-
handed interaction the greater part said to prefer direct-
touch input to mouse (84%).    
Benefits of two-handed and multifinger 
interaction 

Most of the current generation touchscreen displays have 
multitouch capabilities, which expands the possibilities of 
interaction with the digital content by allowing the users to 
select and manipulate several objects simultaneously using 
both hands. Furthermore, this technology allows users to 
perform target selection and traslation by using same-hand 
multifinger interaction, which further increases the input 
bandwidth due to the possibility of manipulating several 
objects at a time using many fingers [3, 7, 8, 10, 12, 22]. 
This technology implies a major paradigm shift from the 
traditional personal computer interface based chiefly on the 
use of a keyboard and a mouse for doing the input. As an 
example, by using a pointing device, such as the mouse, to 
drag several files to a certain folder on the screen, the user 
is limited by the sequential nature offered by this device. In 
other words, the user is limited to select and move the files 
one by one. However, bimanual and multifinger interaction 
on a multitouch display allows the user to perform the 
manipulation of multiple targets in a parallel fashion, being 
able to select and drag many objects simultaneously.  

Furthermore, Leganchuk et al. [13] argues that the benefits 
of two-handed interaction are not only related to a faster 
manipulation and higher input bandwidth, but also there are 
cognitive advantages for the users in that they are able to 
have a more clear mental visualization of the task being 
performed due to the use of hands for directly touching the 
digital content on the screen, without the need for an 
intermediary pointing device such as the mouse. 
Symmetric and asymmetric use of hands 
in bimanual tasks 

The main way in which humans interact with objects in the 
physical world in order to perform a wide variety of tasks is 
by the use of hands. Some activities might require a 
unimanual sequential manipulation whereas others could 
require using both hands simultaneously. And although the 
level of effectiveness when performing tasks using both 
hands depends on many factors, such as whether the 
bimanual action being performed is symmetric or 
asymmetric, as well as the physiological and mental 
capabilities of a given person, the studies conducted by 
Guiard [7] and Balakrishnan et al. [2], suggest that having 
the possibility to engage in two-handed manipulation when 
interacting with digital content provides the users with a 
much higher level of action freedom and flexibility.  

Continuing in the same line of thought, Leganchuk et al. 
[13] explains that complex asymmetric bimanual tasks 

require considerable amount of training, but that regardless 
this fact, a high percentage of the participants tested during 
his experiment engaged in bimanual manipulation for a 
wide variety of tasks, with a higher tendency to symmetric 
actions and more seldom use of asymmetric manipulation.  
The importance of the body and hand 
gestures 

Finally, it is worth mentioning some articles that explain the 
real potential and the many advantages of designing 
computerized systems that allow the users to engage in a 
form of interaction that implies the use of the human body 
in ways that are far beyond the possibilities offered by the 
traditional GUI, which is mainly limited to the interaction 
provided by a keyboard and a mouse. Dourish [4] and 
Klemmer et al. [12] are good examples of the advocacy for 
enriching the interaction design with a new approach in 
which the physical and the digital are merged subtly and 
almost imperceptibly. They argue that a more embodied 
interaction provides a better understanding of the actions 
being performed and that it can capitalize a much wider 
range of the many human skills and abilities. A notion that 
is also explained by Leganchuk [10] in that the cognitive 
benefits of bimanual manipulation, due to the higher level 
of freedom and a much more clear mental visualization of 
the actions realized in this fashion, are among the many 
reasons why this new form of embodied interaction should 
be further developed. Multitouch technology can offer a 
more natural way of interacting with digital content, not 
only due to the fact that it allows users to engage in 
bimanual and multifinger interaction, but also because 
many of the hand gestures used to manipulate objects using 
touchscreen interface mimic to a high degree the way in 
which humans use their hands when manipulating objects in 
the physical world [9, 19, 20, 21].  

General problem and rationale 

Multitouch technology allows users to manipulate digital 
content by using their hands with a high level of freedom 
and flexibility, which can be considered an important 
advancement toward the development of interfaces based 
on the new NUI paradigm. Nevertheless, it is yet not 
entirely clear to which extent the general user would 
actually use these new ways of interaction such as bimanual 
and multifinger manipulation. This paper aims, therefore, to 
analyze through a descriptive study, based on empirical 
observation, how people use their hands when manipulating 
digital content on a multitouch display. Consequently, this 
study provides a description concerning “what is” and it 
will not attempt to give concrete answers to why people use 
their hands the way they do during the experiments. 
Instead, by the use of simple statistics measurements we 
determine how often people opt to use two-handed 
manipulation, same-hand multifinger manipulation and 
unimanual manipulation when interacting with a tablet 
device equipped with a multitouch screen. 
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The goal is to get a better understanding of whether more 
development of multitouch-based interfaces, that let people 
engage in free bimanual and multifinger interaction, is 
required to push forward the advancements in human-
computer interaction. No measurements concerning target 
selection time and error rates will be made in this research. 

Experiment design 

In order to analyze the level of desirability and appeal that 
bimanual and multifinger interaction might have for the 
general user, three different experiments were conducted 
where a group of volunteers had to execute different types 
of tasks by manipulating digital content on a multitouch 
display. The tasks to be performed included three main 
actions: dragging objects, rotating objects and resizing 
objects. These tasks were performed on a tablet device and 
all the hand movements and gestures that participants made 
on the touchscreen surface were captured on video, both 
from above the tablet screen and from side.  
Apparatus 

For all the experiments the participants were using a fourth 
generation Apple iPad tablet [1]. This device was chosen 
due to its 9.7-inch capacitative display that is fully 
multitouch-capable, which makes it a very suitable device 
for this kind of study where users must be able to use their 
hands with absolute freedom to interact with the content 
displayed on screen. Touchscreen based on capacitative 
technology can detect when a touch input has taken place 
somewhere across the screen surface with high positional 
accuracy [17]. In addition, this technology works 
particularly well with multitouch interface allowing the 
participants to use several fingers simultaneously and even 
to engage in bimanual interaction for manipulating multiple 
objects at the same time.  
Participants 

A group of 10 volunteers (6 male, 4 female) were recruited 
for these experiments. They ranged in age from 24 to 41 
years. All of them were right-handed with the exception of 
one that was left-handed. All the participants claimed not to 
use any device equipped with touchscreen interface on 
regular basis, with the exception of their mobile phones, 
which was a condition that had to be met to participate in 
this study in order to make sure that all participants had a 
similar level of experience using this type of interface.  
Some additional conditions and rules 
for the experiments 

Participants were tested one at a time. They were sitting in 
front of a table where the iPad was laying at an angle of 
approximately 15 degrees from horizontal, as shown in 
Figure 1. The tablet was not fixed to the table in order to let 
participants reposition it freely whenever it deemed 
necessary so that they could do the test comfortably. 
However, participants were strictly forbidden to hold the 
tablet with one hand while executing the tasks. This was 

done in this fashion so that they would have both of their 
hands available at all time in case they decide to engage in 
bimanual interaction on the touchscreen surface. Finally, it 
is worth mentioning that at the beginning of each 
experiment the participants were reminded that the tablet 
device they were using is fully multitouch-capable, which 
gives them total freedom regarding how many hands and 
fingers they can use during the experiments. 

 
Figure 1: Participants sat in front of the tablet device which 
was laying at an angle of 15° from horizontal.  

 

Experiment 1 -  Dragging several 
objects  

This experiment had as main purpose to analyze how 
people use their hands when they have to move a large 
amount of objects (a total of 24). As shown in figure 2, the 
task in this experiment was to group the three types of 
figures (fish, stars and suns) in their respective circles. 
Participants had no time limit to complete this task, 
although they were instructed to do it as fast as they could.  

 
Figure 2: In this experiment participants had to group the 
figures in their respective circles.  

Results 

As shown in Table 1, the results of this experiment indicate 
that 8 out of 10 participants opted for bimanual 
manipulation, at least once, to drag the objects to the 
respective circles during the course of the experiment (left 
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column in Table 1). Note that this result only refers to 
whether the participants engaged, at some point, in certain 
level of bimanual manipulation or only kept using one hand 
along the entire experiment (unimanual manipulation). It 
does not specify whether or not they moved 2 or more 
objects at a time. 

On the other hand, regarding the use of hands and fingers 
when moving 2 or more objects simultaneously, the results 
indicate that 7 of the participants used bimanual 
manipulation when moving 2 or more objects at once, 
whereas 8 participants opted for same-hand multifinger 
interaction to perform this action. Note that only half of the 
participants used both of these two modes (bimanual and 
same-hand multifinger) when moving 2 or more objects 
simultaneously on the screen, as shown in the middle and 
right column in Table 1.  

 Manipulation 
form chosen for 
dragging objects 

Used 
bimanual for 
moving 2 or 
more objects 
at once 

Used same-
hand 
multifinger for 
moving 2 or 
more objects at 
once 

Participant 1 Bimanual Yes No 

Participant 2 Unimanual No Yes 

Participant 3 Bimanual Yes Yes 

Participant 4 Bimanual Yes Yes 

Participant 5 Bimanual Yes Yes 

Participant 6 Bimanual Yes Yes 

Participant 7 Bimanual Yes Yes 

Participant 8 Bimanual No Yes 

Participant 9 Bimanual Yes No 

Participant 
10 

Unimanual No Yes 

Total (%) Bimanual:  80% 

Unimanual: 20% 

Yes: 70 % 

No:  30% 

Yes: 80% 

No:  20% 

Table 1: The left column shows whether participants used 
bimanual manipulation at least once during the experiment or 
only one hand (unimanual). The middle and the right columns 
show whether or not participants engaged in bimanual or 
same-hand multifinger interaction when moving 2 or more 
objects at a time.   

Finally, in relation to the maximum number of objects 
moved simultaneously by each participant, this figure 
amounts to a total of 4 objects, an action performed by 4 of 
10 participants, as shown in Table 2. Nevertheless, the most 
repeated value regarding the maximum number of objects 
moved simultaneously goes down to 2 objects (illustrated 
by the mode value shown at the bottom of the left column in 
Table 2), which was the case for 60% of the participants. 
However, the most frequent amount of objects dragged in 
each hand move was only 1 single object, which accounts 
for the choice made by 6 of the 10 participants (illustrated 

by the mode value at the bottom of the right column in 
Table 2).  

 Max. number of 
objects moved 
simultaneously 

Most frequent number of 
objects dragged in each 
hand move 

Participant 1 2 2 

Participant 2 2 1 

Participant 3 4 1 

Participant 4 4 2 

Participant 5 4 2 

Participant 6 4 2 

Participant 7 2 1 

Participant 8 2 1 

Participant 9 2 1 

Participant 10 2 1 

Statistical 
values 

Mean value:          2.8         

Mode value:             2 

Mean value:                    1 

Mode value:                    1         

Table2: The left column shows the maximum number of 
objects moved simultaneously by each participant. The right 
column shows the most frequent number of objects moved in 
each hand move. The mode value at the bottom of each column 
indicates the most reiterated value.  

Discussions on Experiment 1 

This first experiment casts some interesting facts in relation 
to how people tend to use their hands when faced to the task 
of dragging a large amount of objects to a certain location 
on a multitouch screen. Firstly, 80% of the participants 
resorted to engage in bimanual manipulation to move the 
objects on screen at least once along the execution of the 
experiment, suggesting that using both hands when moving 
multiple objects on screen is a behavior that might come 
natural to a considerable amount of people when 
performing this type of task. On the other hand, this 
experiment shows that of the total amount of hand moves 
made by each participant the most frequent method used to 
move objects around was moving them one at a time. This 
indicates that even though 80% of the participants engaged 
in at least some level of bimanual interaction, 60% of them 
were mostly moving one object at a time, switching 
between left and right hand along the process, which 
suggests that engaging in bimanual manipulation does not 
always imply that the users are moving several objects 
simultaneously (in parallel). Notwithstanding the foregoing, 
40% of participants resorted to move objects in pairs as 
their most utilized method when manipulating the objects 
for completing this task. The fact that participants were told 
to execute this task as fast as they could might also have 
some repercussion in the amount of objects that they moved 
in each hand move, eventually tending to increase the use 
of both bimanual and same-hand multifinger manipulation.  
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Experiment 2 -  Piling up four photos 
in the middle  

This second experiment follows the same line of 
Experiment 1, in that it attempts to analyze the way in 
which people use their hands and fingers when dragging 
objects on the screen. In this experiment, however, the 
amount of objects to be moved is considerably less (4 
objects) and their size is relatively bigger. As shown in 
Figure 3, the task to be performed in this experiment is to 
move 4 photos and pile them in the middle of the screen. 
Participants had no time limit to complete this task, 
although they were instructed to do it as fast as they could. 

 
Figure 3: In this experiment participants had to pile the four 
photos in the middle of the screen. 

 

Results 

A total of 9 out of 10 people who participated in this 
experiment performed the task in a bimanual fashion (Table 
3). Only one participant executed the task by solely using 
one hand (the right hand). Only 2 participants moved 2 or 
more objects simultaneously using several fingers of the 
same hand (same-hand multifinger in Table 3), whereas all 
the remaining 8 people never moved more than one single 
photo at a time with each hand. Finally, in relation to the 
dragging method that participants used to pile the 4 photos 
in the middle, the results were grouped into three 
categories: parallel, semi-parallel and sequential. Parallel 
dragging method implies moving the 4 photos 
simultaneously toward the center of the screen. Semi-
parallel method means moving the photos in pairs, 2 photos 
simultaneously first, and then repeating the process for 
dragging the remaining 2 photos simultaneously toward the 
middle. Lastly, sequential method implies moving the 
photos toward the middle one at a time. The results indicate 
that half of the participants moved the photos in a 
sequential fashion. Parallel method was used by 2 of the 
participants while semi-parallel method was used by 3 
participants.   

 

    

 Manipulation 
form chosen for 
dragging photos 

Used same-
hand 
Multi-
finger 

Dragging method 

 

Participant 
1 

Bimanual Yes Parallel  

Participant 
2 

Unimanual No Sequential  

Participant 
3 

Bimanual No Sequential 

Participant 
4 

Bimanual No Sequential 

Participant 
5 

Bimanual No Sequential 

Participant 
6 

Bimanual No Semi-parallel 

Participant 
7 

Bimanual Yes Parallel 

Participant 
8 

Bimanual No Semi-parallel 

Participant 
9 

Bimanual No Sequential 

Participant 
10 

Bimanual No Semi-parallel 

Total (%) 

 

Bimanual:90% 

Unimanual:10% 

Yes: 20% 

No: 80% 

Parallel: 20% 

Semiparallel:30% 

Sequential: 50% 

Table 3: The left column shows the general manipulation form 
used to execute the task. The middle column shows whether or 
not participants engaged in same-hand multifinger. The right 
column shows the dragging method used.  

 

Concerning the amount of photos moved simultaneously, 2 
participants performed this task by dragging all of the 4 
photos at once. A total of 3 participants executed this task 
by moving 2 photos at a time. Nevertheless, the most 
common mode in which the participants moved the photos 
to the middle of the screen was one at a time, with a total of 
5 participants (Table 4).  

 

 Max. number of photos dragged 
on each hand move 

Participant 1                                                     4 

Participant 2                                                     1 

Participant 3                                                     1 

Participant 4                                                     1 

Participant 5                                                     1 

Participant 6                                                     2 
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Participant 7                                                     4 

Participant 8                                                     2 

Participant 9                                                     1 

Participant 10                                                     2 

Statistical values Mean value:                             1.9 

Mode value:                                1      

Table 4: This table shows the maximum number of photos 
moved by each participant during the experiment on each 
hand move. The mode value at the bottom indicates the most 
reiterated value. 

Discussions on Experiment 2 

Observing that 90% of the participants executed this task by 
performing two-handed manipulation, this result reinforces 
the idea that, as it occurred in Experiment 1, bimanual 
manipulation might constitute a frequent form of interaction 
for a big number of users when having to drag several 
objects at a fast pace. In regard to the use of same-hand 
multifinger manipulation, only 20% of participants used 
this method for piling the photos in the center of the screen, 
whereas the remaining 80% moved the photos by utilizing 
one single finger of the hand being used to move the 
photos.  

In relation to the method each participant used to complete 
this task, a total of 50% of them opted for moving the 
photos sequentially (moving the photos one by one). The 
other half of the participants in this experiment performed 
the task by moving 2 or more objects simultaneously; either 
by moving the photos in parallel (20%) or by moving them 
in a semi-parallel mode (30%). This fact is of great interest 
in that, similarly to Experiment 1, the use of bimanual 
interaction does not necessarily imply that the participants 
are moving the objects on screen in a parallel fashion. 
Nevertheless, 50% of the participants decided to perform 
this task by moving at least 2 photos at a time, which 
suggests that moving objects in parallel might be a 
convenient way of interaction to get the job done in this 
type of tasks.  

 

Experiment 3 -  Dragging, rotating 
and resizing 

The third and final experiment consists, once more, of an 
analysis concerning the use of hands and fingers. However, 
unlike the two previous experiments, in this one the task to 
be performed by the participants requires not only dragging 
objects to a certain position but also to rotate them and 
resize them. As shown in Figure 4, the main goal of this 
task is to drag 13 figures into one of the many outlines in 
the background and make the figures match them by 
rotating and resizing them. Participants had no time limit to 
complete this task and, unlike the two previous 
experiments, in this occasion they were instructed to 

perform this task calmly since this type of action requires a 
greater level of precision.  

 
Figure 4: In this experiment participants had to drag the 
objects into position, then rotate and resize them to make 
them match the outlines.  

Results 

When dragging the objects to place them over the outlines, 
8 of the 10 participants executed this action in a unimanual 
fashion, using the same hand (the right hand). The 
remaining 2 participants (from which one of them was the 
only left-handed) dragged the objects into position in a 
bimanual form, by switching between either hand, as shown 
in Table 5. The right column in this table shows the 
dexterity of each one of the participants. There were 9 
right-handed participants and only 1 left-handed. 

 

 Method for dragging 
figures into position 

Dexterity 

Participant 1 Unimanual Right Right-handed 

Participant 2 Unimanual Right Right-handed 

Participant 3 Unimanual Right Right-handed 

Participant 4 Bimanual Left-handed 

Participant 5 Unimanual Right Right-handed 

Participant 6 Bimanual Right-handed 

Participant 7 Unimanual Right Right-handed 

Participant 8 Unimanual Right Right-handed 

Participant 9 Unimanual Right Right-handed 

Participant 10 Unimanual Right Right-handed 

Total (%) Unimanual: 80% 

Bimanual: 20% 

Right-handed: 90% 

Left-handed: 10% 

Table 5: The left column shows the general manipulation 
method for dragging the objects around. The right column 
shows the dexterity of each participant.  
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To place the figures correctly so that they would match the 
outlines the users had to rotate and resize them. Either one 
of these actions require the use of 2 fingers: placing 2 
fingers on the object and making a spinning move to rotate 
it or making a pinching gesture with 2 fingers over the 
object to resize it. As Table 6 illustrates, 6 participants used 
2 fingers of the same hand (same-hand multifinger) to 
perform these two actions, whereas the remaining 4 opted 
for using 2 hands (one finger of each hand).  

Lastly, this experiment also analyzed which fingers 
participants used to perform these actions. All 10 
participants used the index finger. Thumbs were used by 4 
participants and only 2 participants used the middle finger. 
Note that in order to rotate and resize the objects the 
participants used a combination of 2 fingers, being the use 
of 2 index fingers (one of each hand) the most common 
option to perform these tasks (see Table 6).  

 
 Resize Rotate Fingers used 

Participant 1 1 hand 1 hand Thumb-Index 

Participant 2 1 hand 1 hand Thumb-Index 

Participant 3 2 hands 2 hands Both Index 
(left-right) 

Participant 4 2 hands 2 hands Both Index 
(left-right) 

Participant 5 1 hand 1 hand Thumb-Index 

Participant 6 1 hand 1 hand Index-Middle 

Participant 7 1 hand 1 hand Index-Middle 

Participant 8 2 hands 2 hands Both Index 
(left-right) 

Participant 9 2 hands 2 hands Both Index 
(left-right) 

Participant 10 1 hand 1 hand Thumb-Index 

Total (%) 

 

1 hand: 60% 

2 hands: 40% 

 

1 hand: 60% 

2 hands: 40% 

 

Index:  100% 

Thumb: 40% 

Middle: 20% 

Table 6: The left and middle columns show whether 
participants used 1 or 2 hands for rotating and resizing. The 
right column shows the most frequently used combination of 
fingers to perform this task.  

Discussions on Experiment 3 

This last experiment provides some interesting insights 
concerning how people use their hands on a touchscreen 
device when performing tasks that require greater level of 
precision. Regarding the use of hands when dragging 
objects into a certain position, this experiment shows a clear 
departure from the two previous experiments. In this 
occasion 80% of the participants dragged all 13 objects 
unimanually, by using the same hand (right hand), whereas 
in Experiment 1 and Experiment 2 most participants used 

both their hands when dragging objects around. This might 
have to do with the fact that in this third experiment 
participants were instructed to perform the task calmly, 
where in the two previous experiments they were told to 
perform the tasks as fast as they could. 

For rotating and resizing the objects participants used 
different combinations of fingers. Only those participants 
that performed these actions by using 2 hands chose to 
manipulate the objects using their index fingers exclusively 
(one of each hand), which accounts for 40% of the 
participants. Those that rotated and resized the objects by 
using only one hand opted to use a combination of thumb-
index (40%) and index-middle (20%). The ring and the 
little finger were not used by any participant during the 
execution of this task, which shows a consistent pattern 
when considering the fingers that humans use most when 
manipulating objects in the physical world.  

Questionnaire 

After having participated in the three experiments described 
above, each of the 10 participants had to answer a 
questionnaire on their subjective assessment concerning the 
usability of multitouch interface based on their experience 
during the test. To this purpose participants had to fill in a 
form consisting of 8 questions based on a Likert scale for 
questionnaires [6], which is a suitable research method 
when attempting to quantify issues relative to attitudes, 
emotions and other types of personal opinions. The possible 
answers to each question were distributed in a five-point 
symmetric agreement-disagreement range, namely: strongly 
agree, agree, neutral, disagree and strongly disagree. The 
following is the result in percentage for each question.  

1. The use of hand gestures on a touchscreen display feels extremely 
intuitive and easy to perform for interacting with digital content. 

Strongly 
agree: 20% 

Agree: 
80% 

Neutral: 0% Disagree: 
0% 

Strongly 
disagree: 0% 

 

2. The hand gestures used on the touchscreen to manipulate digital content 
mimic to a high degree many hand gestures done when manipulating 
objects in the real world 

Strongly 
agree: 20% 

Agree: 
50% 

Neutral: 
10% 

Disagree: 
10% 

Strongly 
disagree: 
10% 

 

3. The use of physical keyboard and mouse is still more effective and feels 
more natural compared to using hand gestures on a touchscreen when 
manipulating digital content. 

Strongly 
agree: 20% 

Agree: 
20% 

Neutral: 
30% 

Disagree: 
30% 

Strongly 
disagree: 0% 

 

4. The use of hand gestures on a touchscreen is only convenient as a 
complement to the physical keyboard and mouse. 

Strongly 
agree: 10% 

Agree: 
40% 

Neutral: 
10% 

Disagree: 
40% 

Strongly 
disagree: 0% 
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5. The use of hand gestures on a touchscreens is definitely more effective 
and more natural than using physical keyboard and mouse when 
manipulating digital content. 

Strongly 
agree: 20% 

Agree: 
10% 

Neutral: 
30% 

Disagree: 
40% 

Strongly 
disagree: 0% 

 

6. The use of hand gestures on a touchscreens is more fun than the use of 
physical keyboard and mouse. 

Strongly 
agree: 50% 

Agree: 
50% 

Neutral: 0% Disagree: 
0% 

Strongly 
disagree: 0% 

 

7. Being able to use both hands simultaneously to move many objects at 
the same time on a touchscreen feels really natural and it is a clear 
advantage over the traditional mouse. 

Strongly 
agree: 30% 

Agree: 
40% 

Neutral: 
10% 

Disagree: 
10% 

Strongly 
disagree: 
10% 

 

8. Rate the overall experience using gestures on a touchscreen for 
interacting with digital content in terms of its convenience and ease of use 
(1 being the worst rating and 5 being the best rating). 

Rated 1: 0% Rated 2: 
0% 

Rated 3: 0% Rated 4: 
100% 

Rated 5: 0% 

 
Discussions on the questionnaire 

The general assessment that participants made on the use of 
hand gestures on a multitouch display to manipulate digital 
content is, for the most part, positive. There was a broad 
consensus that touchscreen interface is a natural and easy to 
use form of interaction with computerized systems (100% 
participants either agreed or strongly agreed on this topic). 
Likewise, all 10 participants either agreed or strongly 
agreed with the statement that the use of hand gestures on a 
touchscreen is more fun than using traditional keyboard and 
mouse.. Regarding the convenience of being able to engage 
in two-handed interaction to manipulate several objects 
simultaneously, 70% of the respondents either agreed or 
strongly agreed in that this is a benefit and a clear 
advantage of multitouch technology over traditional 
keyboard and mouse.  

Nevertheless, based on the questionnaire results, there is 
some evidence that people are still not entirely certain about 
the real gain that touchscreen interface might be able to 
provide in terms of user experience when compared to 
traditional keyboard and mouse. As an example, half of all 
participants either agreed or strongly agreed in that the use 
of this type of interface is only convenient as a 
complementary interaction form to traditional keyboard and 
mouse. Similarly, a total of 40% of participants either 
agreed or strongly agreed with the statement that the use of 
physical keyboard and mouse still is a more effective and 
natural form of interaction when compared to using 

touchscreen interface (30% either disagreed or strongly 
disagreed and 30% were neutral).  

Lastly, and despite the above, when asked to rate the overall 
experience using touchscreen interface to manipulate digital 
content in terms of its convenience and ease of use, all 10 
participants gave it the second best rating (4), in a scale 
from 1 to 5, which suggests that this type of interface 
provides the users with a natural and flexible form of 
interaction that was generally appreciated by the 
respondents.  

Conclusions 

This paper presented a descriptive study based on three 
observational experiments analyzing 10 people that were 
manipulating digital content on a multitouch display in 
order to examine how they use their hands during the 
process. Participants had to perform 3 types of tasks. The 
first 2 tasks (experiment 1 and 2) involved dragging objects 
to a certain position, having to perform this action as fast as 
they could. The results of these two experiments indicate 
that a high percentage of participants engaged in bimanual 
interaction (at least once in each experiment) when 
dragging the multiple objects to the desired location, 
whether moving 2 or more objects at a time or moving them 
sequentially. The use of same-hand multifinger interaction 
for dragging 2 or more objects simultaneously was a choice 
made by a high percentage of participants in Experiment 1, 
but then showing a lower percentage of occurrence in 
Experiment 2. In addition, in both of these experiments 
some users moved up to 4 objects at a time. However, the 
results also suggest that engaging in bimanual manipulation 
does not necessarily imply moving 2 or more objects 
simultaneously. In fact, the most reiterated mode in which 
participants dragged objects around was by moving them 
one at a time (sequential move). This result may suggest 
that using either two hands or same-hand multifinger 
manipulation for moving several objects simultaneously 
might be experienced as a relatively complicated action, 
especially if the bimanual interaction requires asymmetric 
hand movements. If this is the case, the affordance for 
bimanual and multifinger interaction that multitouch 
technology has might be a feature that people use at certain 
times only i.e. when having to move many objects at a high 
pace. It is also feasible to at least suspect that the absolute 
dominance that the GUI interface based on the use of 
mouse and keyboard have had for over 30 years might have 
conditioned people to interact with the digital content in a 
sequential form.  

The third task (Experiment 3) required participants to drag, 
rotate and resize objects to make them match a set of 
outlines displayed in the background and there was no 
special requirement on how fast this task should be 
performed. In this experiment a very high percentage of 
participants decided to use unimanual manipulation when 
dragging the objects to the desired location, which is a clear 
departure from the previous two experiments where 
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bimanual interaction showed a high level of occurrence. 
This figure might have to do with the fact that in 
experiment 3 participants were allowed to execute the task 
calmly and therefore they decided to move the objects on 
the screen in a sequential fashion. In addition, the fact that 
this task required a higher level of precision might have 
caused that 80% of the participants used only their primary 
hand (in this case the right hand) to successfully manipulate 
the objects and make them match the outlines. Regarding 
the use of fingers, the index finger was used by all 10 
participants, the thumbs were used by 4 participants, 
whereas the middle finger was used by 2 participants. The 
ring and little finger were not used by any participant 
during Experiment 3. This result might suggest that same-
hand multifinger manipulation could be limited to solely 
those fingers people feel most comfortable using when 
manipulating objects.  

Finally, regarding the questionnaire about the participants 
personal assessment concerning the use of touchscreen 
interface, based on their own experience during the tests, 
the results indicate that there is a general consensus that this 
type of interaction is both easy and fun to use. However, 
half of the respondents feel that multitouch interface is 
convenient only as a complementary interface to the 
traditional keyboard and mouse. Furthermore, 40% of 
participants estimate that mouse and keyboard are still a 
more effective and natural form of interaction when 
compared to multitouch interface.  

Nevertheless, a total of 70% of the participants in this study 
either agree or strongly agree in that the possibility for 
engaging in bimanual interaction that multitouch 
technology offers is a benefit and a clear advantage over 
traditional keyboard and mouse. Only 2 subjects disagreed 
with this statement, but interestingly enough they too 
engaged in some level of bimanual interaction when 
dragging objects on the touchscreen.  

Future work 

This study has mainly focused on the analysis of the way 
people use their hands and fingers when manipulating 
digital content on a multitouch tablet. The tasks that the 
volunteers had to execute during the experiments concerned 
chiefly dragging objects to a certain place on the screen, 
with a very limited use of other actions such as rotating and 
resizing. However, there is a wide range of different type of 
tasks that regular people execute using the GUI interaction 
paradigm, based on the traditional keyboard and mouse, 
such as doing data entry, drawing, photo and video editing 
and web surfing, to mention just a few. There is still much 
research to be done to examine the real potential, and 
limitations, which new interfaces based on multitouch 
technology can offer when dealing with these kinds of 
tasks. In addition, this type of interface offers the possibility 
of using special tools that can be utilized on the touchscreen 
surface, such as a stylus pen and a brush, which also require 
further study. 

Lastly, multitouch technology can also offer the possibility 
for people to use computers in a collaborative fashion, 
allowing 2 or more people to interact with the digital 
content on a common screen and work together on a shared 
project. More research must be done concerning this topic, 
in order to determine both the advantages and the 
limitations of this technology. 
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