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Abstract. For the vast majority of users, the most conventional means of
interaction with a computer is through the use of the keyboard and the mouse.
The act of typing and clicking in a satisfactory speed requires a level of motor
ability and coordination, which is provided by the integration of both sensory
and neuromotor functions. Among many neurological problems that may affect
movement control, tetraplegia due to spinal cord injury challenges the subject to
adopt to a severe sensory-motor impairment of the lower limbs, trunk and partial
or total affection of the upper limbs. Therefore, tetraplegia represents an
important limitation for the user in his/her ability to interact with a computer in a
satisfactory and conventional way (keyboard-typing and mouse-clicking). This
paper aims to investigate the experiences, problems and solutions used by
persons with tetraplegia due to spinal cord injury in daily computer usage. The
study sample was comprised by five with tetraplegia due to spinal cord injury.
All the subjects had a certain degree of function in the upper limbs, and their
levels of injury were between C5 and C7 (fifth to seventh spinal cord segment).
A questionnaire with multiple-choice questions about subjects’ interaction with
computers in daily usage was applied. The questions aimed to understand their
experiences and problems when using a computer (typing, clicking and printing,
among others), as well as the use of assistive devices aimed to facilitate the
computer usage. Prior to the study, all subjects were informed about the study
objectives and procedures, and signed an informed consent form after agreeing
in participate in the study. Ethical approval was obtained from the Ethical
Committee of the Faculty of Architecture, Arts and Communication - UNESP.
The results show that subjects with tetraplegia experience a number of problems
when using a computer. These problems occur with the use of all the computer
components, such as keyboard, mouse, cables and accessories. The severe upper
limb impairment is, ultimately, the main factor that limit the users’ ability to use
a computer in an independent and efficient way. The current study contributes to
the knowledge in the fields of ergonomics, design and assistive technologies, as
it highlights the need of providing assistive solutions that truly contribute to the
satisfactory use of computers by subjects with tetraplegia.
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1 Introduction

Tetraplegia is a condition caused by a spinal cord injury (SCI) resulting in impairment
or loss of the motor and sensory functions in the arms as well as in the trunk and lower
limbs (Ditunno et al., 1994). Subject’s spinal level refers to the last preserved segment
of the spinal cord, below which the spinal function is somehow affected. The upper
limbs segments in spinal cord go from the fifth cervical (C5) to the first thoracic (T1)
segment, therefore the spinal segments responsible for upper limbs innervation are: C5,
C6, C7, C8 and T1. Thus, injury levels below T1 results in paraplegia, since upper
limbs function are preserved. According to National Spinal Cord Injury Statistical
Center (NSCISC), the number of people with SCI in the U.S. in 2014 was approxi-
mately 276,000 persons, with a range from 240,000 to 337,000 persons and approxi-
mately 12,500 new cases each year.

For most people, the use of computers has become an essential part of everyday
life, for both vocational and recreational usage. The ability to control such equipment
may represent, ultimately, the difference between good and bad quality of life (Calt-
enco et al., 2012). Individuals with severely impaired motor function – such as tetra-
plegia – experience a number of difficulties and limitations with electronic devices in
everyday usage. As many of the widely used computer programs requires the use of a
keyboard and/or a mouse to receive input, individuals with tetraplegia have limited
hand function that impact their ability to use it independently, thus requiring others’
assistance or the use of an assistive technology device.

There are several devices designed to help disabled people to operate a computer.
The camera mouse (Betke et al., 2002) is one example: the movements of body
features, such as the tip of the user’s nose or finger, can be tracked by a video camera
and translated into the movements of the mouse pointer on the screen. Another similar
device is the one proposed by Chen et al. (2003), which is based on the movements of
the head to control the mouse cursor. The head movement images are captured by a
marker installed on the user’s headset. Besides the hardware, there are softwares
available in the internet to assist in computer usage, One example is the EVIACAM®:
a mouse replacement software that moves a pointer according to the head motion.

Many researchers have studied computer interfaces that use a variety of technol-
ogies and are controlled by different parts of the body other than the hands, such as
voice recognition (Moore, 2003), chin/mouth-operated joysticks (Bolton and Wytch,
1992), tongue-operated interfaces (Struijk, 2006, Wang and Ghovanloo, 2007),
teeth-clenching (Jeong et al., 2005), an eye-controlled human/computer interface
(Kyung & Kyung, 1996), gaze tracking (Hansen et al., 2004), footmouse (Springer and
Siebes, 1996) and even brain-controlled interfaces (Li, Nam, Shadden, & Johnson,
2011).

While there is a variety of devices and expensive technologies, a study developed
an Integrated Pointing Device Apparatus (IPDA), designed to integrate commercial
computer mouse devices, trackballs, or external switches. The device allows the users
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to operate it by using any two parts of the body, thus facilitating better controllability.
For example, people could use 2 hands, one controlling a trackball and the other
controlling a second mouse. This device is low-cost and tailored to the individual needs
(Chen et al., 2006).

The present study was aimed at exploring the usability issues related to computer
usage by individuals with tetraplegia due to spinal cord injury. This will contribute to
the understanding about the users’ needs, problems and solutions in daily computer
usage. Ultimately, this knowledge may benefit designers and manufacturers to design
assistive technologies that best meet the needs and expectations of subjects with upper
limbs motor impairment in computer usage.

2 Methods

The study sample comprised five subjects with tetraplegia following spinal cord injury
(SCI), recruited from SORRI Rehabilitation Center, Bauru-SP, Brazil. Participants met
the following inclusion criteria: (1) 18 years or older, (2) had an SCI with a residual
function in the upper limbs (levels of injury between C5 to C8) and (3) make use of a
computer.

A questionnaire with multiple-choice questions about subjects’ interaction with
computers in daily usage was created by the authors and applied to the users. The
questions aimed to explore the experiences and problems that individuals with tetra-
plegia when using a computer and operating its components (keyboard, mouse, cables
and accessories). In addition, it investigates whether they make use of assistive tech-
nology devices or other self-developed solutions in order to optimize usability and
independence in computer usage. Prior to the study, all subjects were informed about
the study objectives and procedures, and signed an informed consent form after
agreeing in participate in the study. All procedures were approved by the Ethical
Committee of the Faculty of Architecture, Arts and Communication - UNESP (Process
n. 800.500/2014).

Data was analyzed descriptively and presented in terms of frequencies. Due to the
small sample size, statistical analysis was not carried out.

3 Results

The sample of subjects was comprised by 5 men, mean age of 37 ± 4.5 ys., with an
average time of wheelchair use of 14.2 ± 8.5 ys. Table 1 lists the subjects
characteristics.

Three subjects reported using the computer a few hours per day every day, while 2
subjects reported using many hours per day. Three subjects use notebook/laptop and 2
use desktop computer. Three subjects reported using the computer both to work and
leisure, and 2 use only for leisure.

All the subjects reported experiencing problems to operate at least one of the
computer components. Users’ difficulties with computer usage were related to key-
board, mouse and accessories and cables (Fig. 1). The problems with the use of
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accessories and cables were reported by 60% of the subjects, and were mainly related
to handling cables and installing hardware (webcams, headsets, USB devices). One
single subject reported problems with inserting and ejecting CD/DVD. The most fre-
quent complaints with keyboard use were related to lack of precision during typing
(40%), slow typing (20%) and difficulty in applying the required force to type the keys.
Regarding to mouse usage, users reported problems with pushing the two buttons
(40%), scrolling (20%) and slow speed (20%).

Sixty percent of the respondents reported using assistive technology devices in
computer usage. Two of them use handmade devices and one subject uses the EV-
IACAM® software. Considering the three subjects that make use of assistive devices,
only one of them reported no need of others’ assistance, while the other two subjects
still need help, even though using an assistive device.

Table 1. Description of subjects’ characteristics

Fig. 1. Problems with computer components
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4 Discussion

Considering that the internet access was declared by UN in 2011 as a fundamental
human right, it can be understood that people should be able to use the computer easily.
However, disabled people face difficulties with a computer and sometimes the dis-
ability impedes them to make use of it. Therefore, studies exploring the usability issues
in computer usage may improve the understanding on the aspects that limit individuals
with tetraplegia to use a computer in an independent and satisfactory way, thus pro-
viding the basis for the development of new assistive solutions.

The current results show that the impaired motor function affects the use of a
computer by tetraplegic subjects, for either leisure or work use. This can be thought,
ultimately, as a consequence of the loss impaired sensory and motor function in hands.
Indeed, all the subjects have a spinal cord injury level affecting fingers’ movement and
sensibility, which is an important requirement to perform common actions in a com-
puter, such as typing, clicking, pushing a button, installing an accessory and attaching
an USB cable. Although it does not prevent them to use the computer, it certainly
affects the efficiency and satisfaction. Such problems can be extended to other daily
activities, considering that the impaired upper limb function has a devastating impact
on the independence of subjects with tetraplegia (Snoek et al., 2004).

Nowadays, there are a number of commercially available devices that allow
computer access for people with reduced mobility, all these peripherals are effective for
people with reduced mobility, but all have some restraint when used by tetraplegic
subjects. The mouthpiece (Adad, 2000) requires constant movement of the mouth,
which may lead to the fatigue of the muscles of the jay. Devices that use speech
recognition (Borges, 2002) require the maintenance of a certain level of sound. These
two devices are not efficient for subjects with tetraplegia who present a reduced lung
capacity caused by immobilization.

In addition to the functional issues, all these devices have a high cost, since they are
based on advanced technologies and are directed to a small and very specific group of
customers. As a result, these systems are neither mass produced nor widely used. In
Brazil, an alternative system was proposed aimed to develop a low-cost device that
enables the use of computers by people with severely affected mobility (Almeida et al.,
2002). It consists of three elements, a helmet instrumented with gyroscopes, magnetic
sensors and an ordinary mouse. This device allows one to perform the installation,
favoring a greater number of subjects with tetraplegia. According to Caltenco et al.
(2012), the design of a good computer interface must present a balance between
functionality, performance, cost and easiness of use.

Although the current study provides useful information on the problems experi-
enced by tetraplegic subjects in computer usage, it has some limitations that need to be
noted. First, the small sample size limits the generalization of the current findings.
Furthermore, the questionnaire used is not a validated instrument as it was developed
by the own authors, which do not allow the comparison of the current findings with the
other studies.

Based on the information about different assistive devices presented on this paper
and on other similar articles, future studies should develop new tests and achieve new
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information. There are several possibilities, such as addressing the efficiency and sat-
isfaction of the use of assistive devices in computer usage.

5 Conclusion

The computer has become an essential technology for both leisure and laboral activ-
ities. While the usability of this technology has been improved over the years, still there
are many people that cannot use it independently. The current study showed that
individuals with tetraplegia experience problems with daily computer usage. The
severe upper limbs impairment affects the user in his/her interaction with the computer
components and accessories, such the keyboard, mouse, cables, among others.
Although there are a number of commercially available assistive devices aimed to
promote and/or improve functionality in computer usage, many users do not use it or
make use of a self-made device. Consequently, users with impaired upper limb function
still face problems to work with a computer. This study highlights the usability
problems and evidences the need for assistive solutions that best meet the needs and
expectations in the use of computers by subjects with tetraplegia. This knowledge may
benefit designers and manufacturers by providing a detailed view on the computer
interface problems experienced by severely disabled subjects.
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