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ABSTRACT 
With this study we aim to assess if the touch screen input device can be a more usable option for digital interaction by people with intellectual disabilities, when compared to a traditional mouse input. In previous studies, we observed that many users with intellectual disabilities struggle to interact with digital content when using traditional input devices, such as the keyboard or mouse. This can lead to a decrease in their motivation to access digital content. Therefore, it is important to evaluate other options, such as touch screens, in order to present a more usable option of interaction for this specific group. For that, we present a case study where the participants were invited to perform primitive selection tasks in a colouring activity, using a painting Web application. The results showed that this group presented a better performance and made less errors when interacting with the touch screen, rather than when compared with the traditional 
mouse input. We also registered an increase regarding their motivation and satisfaction, when using the touch screen as the input device.
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1. INTRODUCTION
The e-
digital gap between people, by providing all individuals equal access to information technologies (IT) and by 
teaching them the needed skills to use modern technological systems. Also it highlights the importance of 
promoting the use of Information and communication technologies (ICT) not only to help overcome 
exclusion, but also to improve economic performance, employment opportunities, quality of life and social
participation and cohesion (Riga Ministerial Declaration 2006). 

In order to improve e-Inclusion, digital environments must be accessible regardless of any special 
condition and/or human (in)capacities. However, there are several factors constraining this access to some 
specific groups of people. One of them is the user interfaces used by people with intellectual disabilities, being the usual input devices (mouse and keyboard). They require a steeper learning curve and are not  

- ct
with digital environments (Mayer & Moreno 2003) (Blake 2012). Previous studies showed that people with 
intellectual disabilities, without major motor impairments, could interact with keyboards (not autonomously 
because they need help on the character recognition) and mouse (with some autonomy), but none of them 
provided actual ease of use regarding this group of users (Rocha 2014).

Also, it is important to understand what may be the most elemental tasks that a user can learn to perform 
different digital activities. In a virtual environment, the most basic tasks a user can perform are data selection, 
insertion and manipulation (Foley 1984). That is why we elected a primitive selection task to carry out the 
experiment. 

In this paper we explore the usage of a touch screen as input device for a selection task. Touch interfaces 
have shown great potential regarding interaction mainly due to their ease of use, efficiency and intuitive 
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nature, as well as the possibility to increase productivity rates as far as information use (Kin 2009). Even 
considering different groups of users with distinctive ages, touch proves to be the fastest mode of interaction 
and the most consistent, with little variations when it comes to usability evaluation (Carvalho 2014). Indeed, 
for simple selection tasks, touch appears to be more efficient amongst different groups (children, adults and older-adults) in terms of mean time. In this regard, it was an evident option to compare the use of the mouse 
and the touch screen as input devices, in a first approach. We observed and assessed how a group of people 
with intellectual disabilities interact with the two different input devices (touch screen and mouse) by asking 
them to perform selection tasks and measuring their performance and satisfaction. 

This paper is structured as follows: the background, where the main concepts are exposed (intellectual 
disabilities, digital accessibility and usability, and other studies are analysed); and the case study and its 
description (methods, participants, experimental design, apparatus, procedures, results and discussion). 
Finally, we present our conclusions and future work. 

2. BACKGROUND 
According to the Diagnostic and Statistical Manual of Mental Disorders (DSM), published by the American 
significantly below average, accompanied by significant limitations in adaptive functioning at least on two of 
the following skill areas: communication, self-care, domestic life, social skills, interpersonal relationships, 
use of community resources, self-containment, academic skills, APA 2013). In 
other words, an intellectual disability affects cognitive functions and their development over time. Its origin 
may result from genetic factors, environmental conditions, disease or injury during childhood, and circumstances occurring during and after pregnancy, as well as during the first years after birth (APA 2013).
Moreover, this disability is closely associated with several pathologies regarding the intellectual 
development, dementia, or mental and intellectual retardation (WHO 2009).

Frequently, this group of people sees the access to digital environments constrained because tools and 
even contents are created without any concern for accessibility or usability (Rocha 2014). Being this access 
condi
Thus, digital accessibility and usability topics gain significance. 
disability or special need, regarding to the navigation mechanism and presentation of page, operation of 
software, hardware, and adaptation of e .Another concept intrinsically linked with digital accessibility is digital usability. Usability is the level of 
effectiveness, efficiency and satisfaction a certain group of users, of a product or environment, accomplishes 
for a specific propose in a certain context of use (ISO 1997). Usability evaluation depends on the register and 
usability of a system, design or software, related to a specific group of users for a particular activity in a 

Preece et al. 1994). Also, a usability problem is "something that interferes with the 
user's ability to complete the task efficiently and effectively."(Karat 1992). The most used methods of 
usability assessment are: expert-based assessment (reviews and/or tests carried out by experts in usability: as 
heuristic evaluation), and evaluation with users (usability evaluation techniques with representative samples: 
user tests) (Hix & Hartson 1999)( Steed & Tromp 1998) (Karoulis et al.  2006). Specifically, user tests (also 
called usability tests) involve a group of potential users of the system, tending to have more accurate and objective results than the heuristic evaluation (Law & Hvannberg 2002). These tests are based on tasks and 
are performed on controlled environments (Prates & Barbosa 2003).

Regarding former studies, they highlighted problems in interaction, such as: text entry (the most
problematic difficulties register); selection of multi-options (Harrysson et al. 2004), hyperlinks recognition 
and selection (Roh 2004)(Rocha et al. 2012), typing and reading of instructions (Roh 2004). Others even 
questioned the possibility of finding a guiding principle when planning digital tools and contents (as 
websites) for people with intellectual disabilities (Harrysson et al. 2004), due to difficulties resulting from the 
wide range of disabilities among this group of people. Furthermore, two studies notice that W3C guidelines 
for accessibility are insufficient to ensure access for people with intellectual disabilities (Small et al. 
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2005)(Opitz 2003). However, our own studies point to an increase in motivation by this group regarding the 
use of digital environments, but also show us that there are still several barriers to overcome in order to turn 
it into a truthfully autonomous, satisfactory, valuable user experience (Rocha 2014)( Rocha et al. 2012)
( Small et al. 2005).

3. CASE STUDY 
With this case study, we pretend to assess if the touch screen, as an input device, can be a more usable option 
for digital interaction by people with intellectual disabilities, when compared with the traditional mouse 
input. Before starting the experiment, users had a previous training phase. Thereunto, during two weeks 
(approximately thirty-five hours in total, and about two and a half hours per participant) the group was 
provided with basic training on handling touch screens concerning elemental selection tasks. Regarding the 
mouse input device, training was not needed because they had daily experience with this input device when 
performing these same elemental selection tasks aforementioned 
3.1 Methods 
In this study, the case study and ethnography are allied with the usability evaluation (user tests). The methods 
of data collection used are directly related to the research methods adopted and include: logbooks; document 
analysis, interviews, direct observation (used in the case study and ethnography); user tests, register of 
efficiency, effectiveness, and satisfaction variables (for usability evaluation.
3.2 Participants 
From thirty-five, twenty were invited to partook in the pilot study (eight women and twelve men), whose 
ages ranged from 19 to 46 years old. These participants were selected by a special education teacher and a 
psychologist, according to the average rate of literacy and primary education (coincident with the third 
grade). Furthermore, within the group: seven users could read and write but the others expressed difficulties 
in this respect. However, for the proposed tasks described below (colouring drawings with a primitive 
selection task resorting to the mouse and touch screen), these capabilities were not considered to be relevant.  

After seven years of being part of a previous project of digital integration, we can say that the group 
presented the same level of experience in interacting with digital environments, i.e., using the computer with 
the traditional input devices (mouse and keyboard) and the Internet (Rocha 2014). Regarding their intellectual disabilities, the individuals were not associated to only one pathology, but a group of pathologies 
(for example, fetal alcohol syndrome with dysgraphia). According to DSM V, these pathologies can be 
classified according to severity levels, between mild to moderate, but only one of the participants presented a 
high level of disability (APA 2013). Also within the group, fourteen participants had normal vision and six 
have corrected to normal vision.  

All participants were volunteers and had permission of their parents or tutors to perform the tests. 
3.3 Experimental Design 
In order to assess the usability of the two input devices (touch screen and mouse), we observed the 
participants performing two painting tasks using the selection movement. They had to (1) select the intended 
colour and (2) select the area of the drawing they wanted to tint, resorting to only two touches or clicks, 
depending on the input device used. We tested this selection task because it is one of the most important 
interaction activities used in a digital environment: like selecting and activating links and buttons. With a 
normal website it would be difficult to observe and analyse the different errors made by the users, possibly 
due to potential inaccessible contents and not because of the interaction mode. In this regard, we chose a
favourite activity. 
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Thus, the group was asked to perform two tasks:  - T1: selecting a colour and respective area of the drawing to paint by using the mouse. - T2: selecting a colour and respective area of the drawing to paint by using the touch screen. 
They had to select the desired colours and select the drawing area they wanted to tint. The drawings were 

very similar in what concerns the size of the areas to tint and the number of clicks/touches necessary to 
complete the task. To correctly complete the activity all users had to make exactly 10 clicks or touch movements to paint all of the white drawing spaces.  

Regarding the assessment criteria, we followed the variables of usability evaluation (effectiveness, 
efficiency and satisfaction) to assess user performance and experience. As for effectiveness, we registered 
how many participants performed the tasks without giving up. In efficiency, we registered resources spent to 
achieve effectiveness: time to perform the task; errors made during the interaction with the Web application 
or with the input devices (specifically: clicking in other hyperlinks besides the ones required to perform the 
task; continuously pressing a specific area, as the background or the colours area; and confusing mouse 
buttons as clicking on the left button to correctly control the mouse, instead of clicking on the right one); and 
difficulties observed, such as low precision when clicking on small drawing areas, the comprehension of the 
tasks, and touch screen/mouse handling. To record satisfaction, we observed if the participants showed 
comfort when performing the tasks or if they accepted the task, and if they asked to repeat the tasks. 
3.4 Apparatus 
The following material resources were used: a computer (Asus X552C), a touch screen Dell Multi Touch 
Monitor 54.6cm (21.5'' inches display), and a Logitech M100 optical mouse. Note that the user was seated at 
a distance not superior to one meter of the touch screen. For the tasks we used the Windows 8 app 

Softonic 2015). 
To ensure that the only difference of the tests was the interaction device, a portable computer was linked 

to the screen, having this equipment only the duty of running the application and display it on the same 
screen for both tasks. The user interaction movements necessary for these painting tasks were: touch the 
intended colour and then the respective drawing area using the touch screen; or click the intended colour using the left mouse button, move the mouse to the area of the drawing they wanted to tint and then click the 
left mouse button again. To successfully conclude the two tasks, users had to colour the drawings. All 
observations were registered on video. 
3.5 Procedures 
Participants were seated correctly in front of the screen in a controlled environment. After we explained the 
applicatio
and how to delete them) they started the activity. The order of both input devices used and the two displayed 
drawings was randomly assigned. After explaining the task (in order to paint one must select the colour and 
then click/touch the intended drawing area), the evaluator/observer did not further help the participant. 
3.6 Results and Discussion 
In this section the results regarding effectiveness, efficiency and satisfaction are presented and analyzed accordingly. Regarding effectiveness (performing the tasks without giving up) all participants completed the tasks with both input devices. However we noticed that when using the touch screen input device, they never left blank spaces. On the other hand, sixteen users left two or three blank spaces (80%) when using the mouse and only four users painted all spaces of the drawing (20%). Secondly, we analysed efficiency (resources spent: time to conclude the task, errors made and difficulties observed). We detected the presence of an outlier per input device on the values regarding time spent to complete the tasks and thus these results were removed in order to prevent distortion of estimates in the statistical analysis. We followed the outlier labeling rule for this analysis (Beyer &Tukey 1981). In figure 1, we present time spent by users in the execution of the tasks with the two input devices, including the values referent to the outliers so that the visualization of the data is more coherent. The IDs numbered in this figure do not represent the real order of the participant tasks performance. 
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Figure 1. Time spent by users in the execution of the tasks with the two input device 
Fifteen users spent more time completing the task with the mouse device and only five (ID 5, 9, 11, 14 

and 15) took more time with the touch screen. Specifically, the fastest participant spent 50 seconds with the 
touch screen and 60 with the mouse. The slowest spent approximately 187 seconds with the touch screen and 
623 seconds with the mouse (436 seconds).  The mean and standard deviation of the time spent to perform 
the task is presented in figure 2. 

Figure 2. Boxplot with mean of the time spent to perform the task 
Here we can see that for the mouse device the mean time taken to finish the task was 196 seconds with a 

standard deviation of 137 seconds. Regarding the touch screen, the mean has 115 seconds with a standard 
deviation of 76 seconds. As our sample data was small, we assessed the normality of data with the  
Shapiro-Wilk Test in order to understand if the data was normally distributed. Indeed, the data was not 
normally distributed across the participants (p = .000) and we thus performed a non-parametric Wilcoxon 
Signed-Rank test to understand if the devices present significantly different results in terms of time spent. There was a statistically significant difference between the use of each device. In this regard, this group revealed less time spent using the touch screen, with a median efficiency rating of 81.00, while the mouse had a median efficiency rating of 130.00, being this difference significant (Z = -2.766, p = .006). We also observed that 14 participants had a higher efficiency levels when using the touch screen (with a mean rank of 10.64), as opposed to only 4 participants that showed less time spent using the mouse as the input device to complete the tasks (with a mean rank of 5.50). Despite the obtained results being somehow expected, we did not foresee that differences in performance were so unlike (because users work with the mouse input device in a daily basis). Specifically, by analysing figure 1 and 2 regarding time spent by the participants to conclude the task with both input devices, we can undoubtedly see that participants took less time using the touch screen when compared with the mouse, and 
we noticed only five participants spent more time concluding the tasks with the touch screen. This happened 
interaction paradigm and application. 
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Figure 3. Number observed errors per participant 
Figure 3 presents the errors registered during the experiment. In total, we registered 134 errors with the 

touch screen input device and 521 with the mouse.  
Globally, two participants managed to execute the two tasks, with both devices, without presenting any errors. Three users made errors with the mouse device but not with the touch screen. Fifteen users presented 

more errors with the mouse input device and only three made more errors with the touch screen than with 
mouse. Regarding these three users, it was register through observation notes and video analysis that errors 
unrelated to the task. 

Specifically, for the three types of errors registered: the first type of error (clicking in other hyperlinks 
besides the ones required to perform the task) was made by six participants with the touch screen and seven 
with mouse; the second (continuously pressing a specific area, such as: background or colours area) was 
made by thirteen participants with the mouse and no one with the touch screen; and the third (confusing 
mouse buttons, i.e. instead clicking on the left button to correctly control the mouse, they clicked on the right 
one), nine participants who confused the mouse buttons. Next we present the mean of the errors made per device (figure 4). 

Figure 4. Boxplot with the mean of error per device 
On average, 26 errors were made when using the mouse input device and on the other hand, with the touch screen input device were made approximately 7 (6.7) errors. In order to understand if the number of errors significantly differed from both the devices, we performed the Wilcoxon Signed-Rank test. There was, indeed, a statistically significant difference between the errors committed with each device (Z = -3.333, p = .001). Median error rating was 10.00 for the mouse input device and 3.50 for the touch screen. Regarding daily experience with this input device). They clicked several times on both buttons or frequently clicked on right button to select colours (they had to use only the left one), and thus increasing the conclusion time of the task. Another observation registered was on mouse handling: when they moved the mouse very rapidly or 
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very slowly, the cursor disappeared from the monitor, causing confusion and frustration (they did a lot of comments about this fact). This control and handling difficulties decreased their motivation to correctly complete the task and even increased their frustration. As such, sixteen participants did not paint all blank spaces of the drawing. Also it was observed that one participant had low precision when clicking on small drawing areas with both devices.  Finally, regarding satisfaction (comfort and acceptance of the work within the system) we observed that users liked to interact more with the touch screen device: they frequently smiled during interaction and no one finished the task with blank drawing spaces. At the end of the experiment eighteen users asked if they could repeat the task with the touch screen: they performed a second drawing with the touch screen and even experimented other tools of the software that we did not present in the beginning of the activity, like: experimenting with different crayons, using the rubber, and painting with the dragging movement instead of a single selection. None of the participants asked to perform another task using the mouse. It is worth noting that tasks were performed randomly, yet participants asked to interact with the touch screen regardless of the order of the task. 

4. CONCLUSION
In terms of effectiveness, efficiency and user satisfaction, the results obtained suggest that the touch screen is 
more indicated for this group of people with intellectual disabilities. It was registered through observation 
notes and video, and also verified through statistical analysis, that users required less time to complete the task, made fewer errors and expressed more satisfaction when using the touch screen device. In general, users 
presented a worse performance when using the mouse input device (i.e. take more time to conclude the task), 
made more errors and showed more difficulties in controlling and handling t
daily experience with this input device), when compared with the touch screen. The results showed that 
indeed the difference between efficiency and error rate of both devices is statistically significant. All these 
facts may have actually decreased their satisfaction with the mouse device, as supported by the 
acknowledgement that no users asked to repeat the task with the mouse. 

On the other hand, the fact that some participants, when using the touch screen, asked to repeat the task, 
tinted all blank spaces and showed motivation to explore other functionalities of the application may indicate 
that this device can indeed increase motivation.

The global results indicated that the mouse may not be considered as an unusable input device, but the 
touch screen could actually enhance their performance, motivation and satisfaction. Also, the autonomy may be increased for people with intellectual disabilities using digital platforms, thus diminishing the digital gap 
and promoting E-Inclusion for this group of people.

Finally, the low rate of dropouts (no one quit the task or refused to perform it) showed that participants 
had motivation to interact with digital environments. 

As future work we intend to extend the results to other elemental interaction tasks besides selection, as 
manipulation / navigation and insertion tasks. Also, we propose to work with other groups with intellectual 
disabilities and with different levels of disability, as severe to profound, in order to replicate these results. 
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