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Abstract: Eye-gaze technology allows individuals with severe physical disabilities and complex
communication needs to control a computer or other devices with eye-gaze, thereby enabling them
to communicate and participate in society. To date, most research on eye-gaze controlled devices
related to persons with disabilities has focused on a single diagnosis in either adults or children
and has included only a few participants. This current study utilized a total population survey to
identify the prevalence and perceived usability of eye-gaze technology among adults and children in
Sweden. Participants were 171 eye-gaze technology users with severe physical and communication
impairments, ranging between 4 and 81 years. Cerebral palsy was the most common diagnosis.
Daily usage was found in 63%, while 33% had weekly, and 4% had less frequent usage. Adults,
compared with children, reported using their computers more frequently (65%/38%; p < 0.01), and
for the activities they needed to perform (59%/31%; p < 0.01) and were more satisfied with services,
indicating that service providers should prioritize and develop more effective services for children
and their parents.

Keywords: adults; children; complex communication needs; eye-gaze control devices; total
population survey

1. Introduction

Eye-gaze technology provides individuals who have severe physical disabilities and complex
communication needs with opportunities to participate in both the digital and the social world. Users
are able to interact with objects on a computer screen simply by moving their eyes rather than using a
mouse or keyboard. This is made possible by a camera mounted on the screen that reads, within a few
millimeters, where on the screen the person is gazing [1,2].

Although computers controlled with eye-gaze have been discussed as an assistive technology
since the 1990s, it has only been since the early 2000s that eye-gaze controlled devices reliable enough
to be used outside laboratory settings have become available [3]. Access has been limited due to the
high cost of the technology [4] and lack of research on usability for people with disabilities, which
may have raised concerns of device abandonment when the novelty of eye-gaze controlled devices
subsides. As a result, little is known about who uses the eye-gaze controlled computer, including its
application and perceived usability in everyday life [4-6].

The concept of usability is often used in assistive technology research and refers to perceptions about
how well the design of an environment or product enables functioning, performance, and well-being;
it is a measure of the degree of effectiveness, efficiency, and user satisfaction [7,8]. In the current study,
usability is based on the definition of the International Organization for Standardization [9], which
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defines it as “the extent to which a system, product, or service can be used by specified users to achieve
specified goals with effectiveness, efficiency, and satisfaction in a specified context of use.” Additionally,
assistive technology usage (e.g., duration, frequency of use) is regarded as a quality aspect of usability,
which is recommended by scholars in the field [10,11].

Mele and Federici [6] showed that research into technical aspects of eye-gaze control is
comprehensive but limited with regard to people with disabilities. A recent literature review [5], overall,
found two interventions studies examining the effectiveness of the eye-gaze controlled computer
for facilitating communication for people with significant physical disabilities (Hwang et al. [12]
and Borgestig et al. [13]). With few exceptions, studies on eye-gaze controlled computer for people
with disabilities are either cross-sectional or case studies that include only a few participants. Early
research explored the potential of the eye-gaze controlled computer for different groups of people with
disabilities and described contextual circumstances, adjustment, and software problems, as well as
positioning and seating considerations for optimal success [14-16]. More recent research has largely
focused on communication skills and requirements of adults with amyotrophic lateral sclerosis (ALS).
For example, Hwang et al. [12] demonstrated that using an eye-gaze controlled device improved the
quality of life of ALS patients and decreased caregiver burden, the latter of which may have resulted
from more effective communication between patients and caregivers. In a telephone survey of 30
ALS patients [17], the reported median time of using an eye-gaze technology was 300 min per day.
About 63% of the participants were defined as regular users, with a median use of 420 min per day
for daily communication with relatives/caregivers as well as Internet surfing, emailing, and social
networking. Caligari and colleagues [4] surveyed 35 adults in the late stages of ALS, who were regular
users of eye-gaze technology communication devices, about their communication and quality of life.
The study found that the devices were effective in reducing communication disabilities, improving
quality of life, and producing high user satisfaction.

Research into children’s use of eye-gaze controlled computers for everyday activities has also been
sparse. A longitudinal study of 10 participants aged 1-15 years-old with severe physical disabilities and
complex communication needs demonstrated that all were able to use eye-gaze to control a computer
and that the intervention (eye-gaze controlled computer and related services) successfully affected the
predefined goals [13,18]. Qualitative studies by the same research group found that eye-gaze controlled
computers increased children’s ability to express themselves and perform activities independently [19]
and gave parents and teachers hope for a better future for the children [20].

To date, research into eye-gaze controlled computer for individuals with disabilities has been
limited. Scholars have called for intervention studies [5] and studies that investigate users’ perspectives
on usability after long-term use of the technology [21]. Additionally, studies involving more participants
would increase the reliability and generalizability of the results, and that including both adults and
children who use eye-gaze controlled computer would make it possible to examine similarities and
differences between these groups.

Accordingly, the current study aimed to identify prevalence and perceived usability in everyday
life of eye-gaze controlled computer use among adults and children living in Sweden through utilization
of a total population survey. This approach was chosen for the following reasons: (a) In Sweden,
assistive technology, including eye-gaze controlled devices, deemed necessary for daily living is part of
public healthcare and is free-of-charge [22]; (b) assistive technology centers are located in all 21county
councils in Sweden, thus ensuring widespread access to the technology [23]; (c) assistive technology
use is included as part of an individual’s health record, along with other characteristics (e.g., gender,
age, type of disability); and (d) Sweden is home to one of the world’s leading developers of eye-tracking
technology (Tobii), which began offering eye-gaze controlled products in 2006 (Tobii P10).

The following research questions were asked: What are the characteristics of individuals who use
the technology (e.g., age, gender, type of disability)? Are there differences between adults and children
regarding disability, the use of eye-gaze controlled computer, and its perceived usability?
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2. Materials and Methods

2.1. Research Design

A total population survey [24] of individuals in Sweden who had received and were currently
using eye-gaze controlled computer was conducted. The Regional Ethics Review Board in Link&ping,
Sweden (Dnr 2016/218-31), approved the study.

2.2. Participants

Inclusion criteria were inhabitants of all age groups (both adults and children <18 years old) in
Sweden who, at the time of the study (2017), were using an eye-gaze controlled device provided by the
county council’s assistive technology center. Officials at each center in all county councils (n = 21) in
Sweden were contacted by email and requested to participate. The 21 centers reported in total 418
eye-gaze technology users. Of these 21 centers, two centers declined by email: one because there were
no eye-gaze technology clients and the other (with 13 users) due to time constraints. The remaining
19 consented participation by email. In all, 405 users (250 adults and 155 children) were identified
across the 19 centers. The centers were then asked to compile and develop coded lists documenting the
users’ gender, age, type of device, date of delivery, and, if available, diagnosis, from the information
available in their records. The research group provided each center with sealed envelopes, without
addresses but with codes, based on the number of users reported by them. The envelopes included
an information letter and a questionnaire on paper, with different envelopes for adult users (adult
questionnaire) and parents of child users (child questionnaire). The questionnaire could be answered
on paper or as a web-based questionnaire. A web link was, therefore, included in the information letter
to provide an alternative of answering the web-based questionnaire using their eye-gaze controlled
computer. The centers mailed the envelopes to the users in May 2017, with two mailed reminders
within 8 weeks. Of the total 405 users, 171 consented to participate (adults, n = 111, children/parents,
n = 60) by answering the questionnaire either by mail (n = 146) or web (n = 25). Parents responded on
children’s behalf. Figure 1 provides a flow chart of the study population. Data were obtained from
centers for 226 of 234 excluded individuals (non-respondents) since 8 adults had passed away.

Total population

418 individuals with eye-gaze
controlled computer in 21
county councils

2 county councils declined to
O |:> participate
+ 13 individuals excluded
N

405 individuals in 19 county
councils were mailed the
questionnaire

*250 adults

*155 children/parents 234 individuals excluded
- + 139 adults (38 declined, 8

_/
:: passed away, 93 no response)
+ 95 children/parents (11
N\

declined, 84 no response)

171 individuals in 19 county
councils answered questionaire
+111 adults

*60 children/parents
\ J

Figure 1. Flow chart of study population.
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2.3. Questionnaire

Two questionnaires were developed, namely one adult questionnaire and one child questionnaire,
to investigate their perception of the usability of eye-gaze controlled computers (effectiveness, efficiency,
satisfaction), and their use of eye-gaze controlled computer (activities, duration, and frequency of
use). The questionnaire was comprised of three sections: (1) Personal Characteristics, (2) Use and
Usability of Eye-gaze Controlled Computer in Everyday Life, and (3) Usability in Terms of Satisfaction
with the Device and Related Services. Section 1 included 10 questions for adults and 15 questions for
children on age, gender, school/work, diagnosis, communication modalities, and computer experience.
Section 2 included seven questions on frequency and duration of use/day, type of activities, importance
of activities, and usability in terms of efficiency (how effortful it is to use) and effectiveness (use in
as many activities and as often as needed). Section 3 included 12 questions from the Quebec User
Evaluation of Satisfaction with Assistive Technology (QUEST 2.0) scale [25].

Answers to Section 1 were noted on predefined categories (e.g., diagnosis) or were scored on
ordinal scales (e.g., computer experience). In Section 2 all questions were scored on Likert scales.
The questions on frequency and type of activity included 16 predefined activities, for which participants
rated how often they performed each activity using the eye-gaze controlled computer on a 4-point
scale ranging from 1 (daily) to 4 (seldom or never used) with the option to respond “not applicable” if
needed. Likewise, the importance of the same 16 activities was scored on a 4-point scale from 1 (very
important) to 4 (not important at all). The activities were playing/games, listening to music/radio,
reading/looking in books, watching videos (e.g., YouTube), writing with letters, writing with symbols,
talking with someone in the same room, using email, searching for information on the Internet, using
social media, shopping on the Internet, using public services on the Internet, making phone calls, using
environmental control, recording videos (children), doing homework/school tasks (children), doing
studies/school work (adults), and performing work tasks (adults). An option to include a new activity
was also given. These predefined activities were typical computer activities among adults [26] and
children [27] in the general population as revealed by two national surveys, and among children with
disabilities as demonstrated by an intervention study [13]. In the question about duration, participants
rated the time spent using the eye-gaze controlled computer during a typical day in school/at work and
during leisure, with six gradations from 1 (more than 8 h) to 6 (not used at all). The remaining three
questions in Section 2 were; “How effortful is it usually for you/the child to use eye-gaze controlled
computer?”, “I think I/the child use eye-gaze controlled computer in as much activities as needed”,
and “I think I/the child use eye-gaze controlled computer as often as needed”.

For Section 3 (satisfaction), the Quebec User Evaluation of Satisfaction with Assistive Technology
(QUEST 2.0) [25] was used, which is a 12-item measure assessing user satisfaction with assistive
technology devices and services. It contains the question “How satisfied are you with ... ?” rated on a
5-point scale from 1 (Not satisfied at all) to 5 (Very satisfied) for eight device items (e.g., easy to use)
and four service items (e.g., follow-up services).

2.4. Procedure

Before data collection, the questionnaire was pilot-tested on one adult user and a parent of a child
user, which resulted in minor changes in language and, in the children’s version, specification, of
different kinds of assistants in school [24]. Think-aloud interviewing was used [28] via telephone after
they had completed the questionnaire.

2.5. Data Analysis

In Section 1, the reported diagnoses were categorized into eight diagnostic groups (see Table 1)
for respondents and non-respondents. Descriptive statistics were calculated, with mean and standard
deviations describing the participants’ age and years of access to an eye-gaze controlled computer.
Frequencies were used to describe other data on participants’ characteristics (e.g., different types of
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communication modalities, degree of assistance). For Section 2, frequencies were calculated for the
use of the eye-gaze controlled computer (e.g., frequency of use). Frequencies of use for each specified
activity were then categorized into daily (every day) or weekly use (once per week and several times
per week) for each participant. Activity repertoire was calculated for each participant by counting all
activities performed using the eye-gaze controlled computer on either a daily or weekly basis, including
both predefined activities and new activities if added by participants. The use for Internet-related
activities was dichotomized as “yes” (daily or weekly use) and “no” on an individual level, with “yes”
meaning use in one or more of the activities (e.g., social media; see questionnaire). Cronbach’s alpha
calculated for Section 2 (Use and Usability of Eye-Gaze Controlled Computer) of the questionnaires,
yielded the following values: « = 0.92 for adults and « = 0.91 for parents. In QUEST (Section 3),
following Demers et al. [25], each item scored using the 5-point satisfaction scale was categorized as
either dissatisfied (1 = not at all, 2 = not very, and 3 = more or less) or satisfied (4 = quite satisfied and
5 = very satisfied), and presented with frequencies.

Table 1. Participants’ and non-respondents’ characteristics.

. Participants
Characteristics All Adults Children Non-Respondents
(n=171) (n=111) (n = 60) (n = 226)
M SD M SD M SD M SD
Age 30.9 19.7 40.99 17.5 12.5 4.2 29.4 20.3
n Y% n % n Y% n %
Gender
Female/Male 84/87 49/51 56/55 ~ 50.5/49.5  28/32 47/53  118/108  52/48
Personal assistant 145 86 93 86 52 87
Diagnosis
Cerebral palsy 78 45.6 32 28.8 46 76.7 74 44.0
Amyotrophic 29 17.0 29 26.1 27 16.1
lateral sclerosis
Rett syndrome 23 13.5 13 11.7 10 16.7 19 11.3
Stroke, brain injury 13 7.6 12 10.8 1 1.7 7 42
Muscular dystrophy 11 6.4 9 8.1 2 3.3 13 7.7
Multiple sclerosis 7 41 7 6.3 7 4.2
Spinal cord injury 3 1.8 3 2.7
Other 2 7 4.1 6 54 1 1.7 21 12.5
Work 23 13 23 21
School P
Special school 45 26 45 75
Mainstream school 15 9 15 25
M SD M SD M SD M SD
Eye-gaze controlled
computer access in 2.0 1.7 2.0 1.8 2.1 1.6 1.8 1.7

years

Note. Non-respondents with diagnosis, n = 168. @ Other: e.g., Mitochondrial disease, thromboembolic disease,
Huntington disease, neurological problem, severe intellectual disability, Ehlers-Danlos syndrome, unspecified
physical disability; ® School: Compulsory school and Upper Secondary school.

For the response analyses, the code lists from the assistive technology centers were used, and
chi-squared tests (diagnosis group, gender) and independent t-tests (age, years using eye-gaze controlled
computer) were computed to examine any differences between the respondents and non-respondents.

To determine the differences across variables between adults and children (<18 years old),
chi-squared tests (e.g., control methods, daily or weekly usage), Mann-Whitney U—tests (e.g., duration
of use, degree of assistance), and independent t-tests (e.g., activity repertoire, years using eye-gaze
controlled computer) were used. All percentage calculations were based on the number of participants
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answering each question. Missing values of each item ranged between 0 and 7 for children and 0 and
12 for adults.

3. Results

The assistive technology centers identified 418 individuals who currently had access to an
eye-gaze controlled computer, giving a prevalence of 0.042% in the Swedish population. The response
rate was 41%. The analysis showed no significant differences between respondents (1 = 171) and
non-respondents (1 = 226) regarding age (£(394) = 0.736, p = 0.462), gender (x2 (1, n = 397) = 0.372,
p = 0.542), years of using the prescribed eye-gaze controlled device (t(391) = 1.260, p = 0.208), or
the proportion of persons with various diagnoses (x2 (6, n = 336) = 9.524, p = 0.146). The diagnosis
was specified for only 168 of the 226 non-respondents because not all centers had access to each
individuals’ diagnosis.

The results are organized in the three sections, namely (1) Participants Characteristics, (2) Use and
Usability in Everyday life, and (3) Satisfaction with the Device and Related Services.

3.1. Section 1: Participant Characteristics

Participant characteristics are shown in Table 1. The participants’ ages ranged between 4 and 81
years, with the majority being of school or working age (M = 30.9, SD = 19.7). Of the 171 participants,
84 (49%) were females. Among adults, 23 (21%) reported that they worked; among children, 45
(75%) attended a special school, while 15 (25%) attended a mainstream school. All participants were
dependent on assistance and had access to an eye-gaze controlled computer for 2 years (SD = 1.7,
range: 0-8 years). Cerebral palsy (1 = 78, 45.6%) was the most common diagnosis across both adult
and child participants, with more children (n = 46, 76.7%) than adults (n = 32, 28.8%) reporting this
diagnosis. The next most common diagnosis was amyotrophic lateral sclerosis (ALS) (n = 29, 26.1%)
for adults and Rett syndrome (n = 10, 16.7%) for children. Concomitant impairments were present for
20% of participants, of which the most frequent were visual impairments, reported by 12% with either
cerebral palsy or brain injury. Regarding computer experience, 102 of 168 (61%) of the participants
perceived themselves as having either adequate or considerable experience, while 19 (11%) reported
no experience at all. Among children, parents rated their own computer experience as significantly
higher than the adult users (U (n = 168) = 2613.00, z = -2.13, p = 0.033).

3.1.1. Communication

Regarding communication modalities, 109 (71%) participants did not communicate with others
using speech, 117 (73%) used the eye-gaze controlled device, and 94 (60%) used communication boards
to communicate. Analysis showed that adult users communicated using speech to a higher extent than
children (x2 (1, n = 153) = 12.68, p < 0.001), while the children communicated using communication
boards to a higher extent than adults (x2 (1, n = 156) = 18.48, p < 0.001). Among the participants, 99
(58%) were totally dependent on assistance from another person for face-to-face communication, and 30
(18%) reported considerable need of assistance, whereas 19 (11%) reported some need of assistance and
22 (13%) reported no need of assistance at all. Children were rated as more dependent on assistance to
communicate with others than adults (U (n = 170) = 2425.00, z = -3.20, p = 0.001).
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3.1.2. Eye-Gaze Technology Devices

Of 171 participants, 165 (96%) had access only to one eye-gaze technology device, while six
participants (4%) had access to two devices. The accessibility duration of eye-gaze controlled computer
ranged up to 8 years, with a mean duration of 2 years (SD = 1.7). The number of systems and
duration of eye-gaze controlled computer access did not differ between adults and children (p > 0.05).
Among participants, 160 (94%) had different Tobii eye-gaze controlled devices (C-series, I-series, P10,
PCeye Go, PCeye mini). The Tobii I-series product were most common, used by 95 participants (58%).
Other companies’ eye-gaze controlled computer products (Rolltalk Intelligaze, Powerbox 7, or Grid
Pad Eye) were used by 11 (6%) of the participants. The proportions of participants using different
products did not differ between adults and children (p > 0.05). If the participants perceived difficulties
with the eye-gaze controlled computer, 157 of 169 participants (93%) reported having someone near
who could help them. More adult users (1 = 106, 97%) reported having someone who could help them
than did the parents (n = 51, 85%) (x2 (1, n = 169) = 8.80, p = 0.003).

3.1.3. Control Methods other than Eye-Gaze

Of 168 participants, 125 (74%) had no other way to control a computer than through eye-gaze, while
23 (14%) could also use their hands. Only a few used other control methods (e.g., head movements,
voice recognition). The analysis revealed no differences between adults and children in the proportion
of participants using different methods (p > 0.05).

3.2. Section 2: Use and Usability in Everyday Life

3.2.1. Frequency and Duration of Use

Of the 171 participants, 164 (96%) reported a frequency of eye-gaze controlled computer use of
at least every week or more often; 108 (63%) had daily usage, and 56 (33%) had weekly usage, while
seven (4%) reported seldom or no use at all. The proportions of participants with daily use and weekly
use showed no differences between adults and children (p > 0.05).

Of the 165 participants, 149 (90%) participants reported using the eye-gaze controlled computer
during leisure times, with significantly longer durations among adults than children (U (n = 165) =
2026.50, z =-3.71, p < 0.001). As shown in Table 2, 39 (68%) of the children had leisure use of up to2h a
day, while 49 (45%) of the adults reported longer durations, such as more than 2 h. A few participants,
including three children (5%) and 17 adults (16%), had leisure use of more than 8 h per day.

For child participants, the duration of use was higher in school than during leisure; 15 (26%) used
the eye-gaze controlled computer daily at school for more than 2 h, while 10 (18%) used it for the same
duration during leisure. Among children, 48 (83%) used it during schoolwork, and 33 (57%) used
it generally for up to 2 h during a school day. Among adults, 54 (54%) reported using the eye-gaze
controlled computer during work; of these participants, 15 (15%) used it for 4 h or more. Four adults
(3%) and two child participants (3%), used it for more than 8 h per day at work or in school.
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Table 2. Responses on some of the use and usability questions in the questionnaire.

Variables All Adults Children Group Comparison
n %o n % n % 14
USAGE
Duration leisure (n =165) (n =108) (n=57) <0.001 (children

Not at all 16 9.7 8 7 8 14 longer
Upto2h 90 54.6 51 47 39 68 duration)
>2h<4h 26 15.8 21 19 5 9

4h or more 33 20 28 26 5 9

Duration work/school (n=157) n=99) (n =58) NA

Not at all 55 35 45 46 10 17
Upto2h 60 38 27 27 33 57

>2h<4h 20 13 12 12 8 14

4 h or more 22 14 15 15 7 12

EFFICIENCY

“How effortful is it usually for

yow/the child to use EGCC?”8 (1 =168) (n=108) (1 =60) ns
Not at all/some 98 58.4 67 62.0 31 51.7
Quite much 62 36.9 37 34.3 25 41.7
Totally 8 4.8 4 3.7 4 6.7
EFFECTIVENESS
“I think I/the child use EGCC in 0.004 (adults higher
as much/ activities as needed” (n=159) (n=101) (n=58) (extent) &
Agree totally/ to a large extent 78 49 60 59 18 31
Agree to some extent 46 29 20 18 26 45
Not at all 35 22 21 19 14 24

“I think I/the child use EGCC as <0.001 (adults,

often as needed” (n=159) (n=103) (n=56) higher extent)
Agree totally/ to a large extent 88 55 67 65 21 38
Agree to some extent 40 25 20 19 20 36
Not at all 31 20 16 16 15 27
M SD M SD M SD )
SATISFACTION (n = 159-161) (n = 103-104) (1 = 56-57)
QUEST Total scale 3.75 0.76 3.83 0.77 3.72 0.63 0.029
QUEST Device subscale 3.80 0.76 3.84 0.83 3.40 1.01 ns
QUEST Service subscale 3.65 1.07 3.78 1.08 3.60 0.72 0.015

Note. NA: not applicable; ns: not significant; 8 EGCC: Eye-gaze controlled computer.

3.2.2. Activities

The activity repertoire for each person ranged up to 12 activities (n =171, M = 4.8, SD = 3.0, range:
0-12). The activity repertoire showed no differences between adults and children (p > 0.05). The most
common activity using eye-gaze controlled computer (every week or more often) across all participants
was to talk (111 of 169, 66%). Some differences were found in the two most common activities between
children and adults. While most adults used the eye-gaze controlled computer to write (73 of 111, 66%)
and talk (68 of 109, 62%), the most common activities among the 60 children were playing/games (n =
47, 78%) followed by talking (n = 43, 72%).

Use of the eye-gaze controlled computer for Internet-related activities (email, searching for
information, social media, shopping, public services) was reported by 49% (54 of 110) of adults and 13%
(8 of 60) of children. Among adults, all five predefined Internet-related activities were reported, while
two of them (searching for information, social media) were reported among children. The two activities
rated by most participants as very important to perform using the eye-gaze controlled computer were
to talk (84 of 162, 52%) and write with letters and/or symbols (82 of 164, 50%), which were also the
most important among adult users. Among children, 57% (33 of 58) of parents rated talking as most
important, followed by play and games (25 of 58, 43%).

3.2.3. Efficiency

Concerning the efficiency of using an eye-gaze controlled computer, 98 of 168 (58%) participants
recorded the use as either not effortful or only to some extent. The use was exhausting for eight (5%),
while 62 (37%) found it to be quite effortful (Table 2). There were no significant differences between
adults and children regarding the ratings of effort (p > 0.05).
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3.2.4. Effectiveness

Table 2 also displays the effectiveness, as indicated by the extent to which the use of the eye-gaze
controlled computer corresponded with the perceived needs. The analyses revealed that adults use the
eye-gaze controlled computer to a greater extent in all activities as needed than children (U (n = 159) =
2147.00, z = -2.89, p = 0.004). Among children, 69% (40 of 58) use the eye-gaze controlled computer
only to some extent or not at all, due to their activity requirements. Likewise, adults use the technology
as often as needed to a higher extent than children (U (n = 159) = 1840.50, z = —3.91, p < 0.001). Among
children, 63% (35 of 56) used it only to some extent or not at all, due to the frequency of use.

3.3. Section 3: Satisfaction with the Device and Related Services

Overall, the results revealed that the 161 participants (104 adults, 57 children/parents) who
answered the QUEST 2.0 were quite satisfied with the eye-gaze controlled computer (total scale; M =
3.7, SD = 0.8), with high satisfaction ratings for the device (M = 3.8, SD = (0.8) and somewhat lower
satisfaction with the county council’s service delivery (M = 3.6, SD = 1.1). The analysis also showed
that device satisfaction did not differ between the groups (p > 0.05), while adults were more satisfied
with the services than parents (U (n = 161) = 2282.00, z = —2.42, p = 0.015). The same differences were
found for the total scale (U (n = 161) = 2348.50, z = —2.18, p = 0.029) (for details, see Table 2). The items
with the most satisfied participants were dimensions (132 of 162, 81%), safety (122 of 157, 78%), and
durability (122 of 158, 77%), whereas the items with the most dissatisfied users were follow-up services
(78 of 164, 48%), weight (80 of 161, 50%), and comfort (62 of 159, 39%).

4. Discussion

This study investigated the prevalence and usability of eye-gaze controlled computers from the
users’ perspective within the whole population of children and adults who received it as an assistive
technology in Sweden. The results of the current study demonstrate that an eye-gaze controlled
computer is an important device for participants” interaction and communication with others, and
that face-to-face communication was the most commonly used communication method across the
participants. Writing and Internet-related activities were also common and considered as activities
having social and communication purposes [29]. Thus, an encouraging finding was that eye-gaze
controlled computer is used to fulfill everyday communication needs among school- and working-age
individuals with severe physical disabilities and complex communication needs. Communicating to
express one’s opinions is a basic human right according to Article 19 of the Universal Declaration of
Human Rights [30], and access to and use of augmentative and alternative communication devices
(AACQC) by individuals with complex communication needs is crucial for participating in work, school,
and community life [31]. Thus, an eye-gaze controlled computer seems to be a device used widely in
real life by this population, facilitating their participation in both the digital and social worlds.

In Sweden, a country with about 10 million inhabitants, the assistive technology centers identified
418 individuals who currently had access to an eye-gaze controlled computer, providing a prevalence
of 0.042%. The results demonstrate that an eye-gaze controlled computer was used by individuals of all
ages and equally by males and females. Most of the participants were in an active phase of their lives,
either of school-aged or working age, with a mean age of 30.9 years (SD = 19.7). All were dependent
on assistance and had complex communication needs; only a few used a method other than eye-gaze
to control their device. Thus, considering the groups’ difficulties, no indications of over-prescription
were found. Rather, the results indicate that people with less profound disabilities, for whom the
eye-gaze technology could be an alternative to control a computer with higher efficacy, do not receive
the device as an assistive technology [21]. A few survey studies in different countries have indicated an
excessively low access rate of eye-gaze technology because not all individuals with severe disabilities
in need of such devices are afforded access to it. For example, a survey study of individuals with ALS
in Germany found a rejection rate of 48% by health insurance institutions concerning communication
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devices such as eye-gaze controlled computer [32]. A survey in the Netherlands on families with a
child with Rett syndrome [33] and a study of speech-language therapists in Sweden who support
individuals with Rett syndrome [34] show that not all of these individuals have an opportunity to try
eye-gaze technology to see if they may benefit from its use.

When comparing the results of child and adult users of eye-gaze controlled computer, differences
in use between them must be understood in the light of age, diagnosis, and onset of disability as
well as contextual circumstances. For example, younger age, cognitive impairments, or inadequate
support might reduce the number of applications an individual can use and thereby reduce their
motivation to use the computer. The results demonstrate that the distribution of diagnoses was uneven
between the adults and children. About 93% of the children had cerebral palsy or Rett syndrome,
which is diagnoses indicating variations in cognitive abilities, as well as a loss of motor control [35,36].
These diagnoses debut in early childhood, while the diagnoses of about 40% of adult users (e.g., ALS,
stroke, multiple sclerosis) typically occur in adulthood [37], which implies that most of the adults
in the current study had already learned how to read, write, communicate, and control a computer,
before they received their device. For these individuals, eye-gaze technology made it possible to
continue to perform these previously learned skills and activities. For most of the children, however, an
eye-gaze controlled computer might have been necessary for learning basic skills, such as reading and
communicating. Although the distributions of diagnoses were different, cerebral palsy was the most
common diagnosis in both children (76.7%) and adults (28.8%). The finding that cerebral palsy was
the most common diagnosis among adults was interesting because existing research on adults almost
exclusively concerns individuals diagnosed with ALS [4,12,17], which was the second most common
diagnosis (26.1%) among adults in the current study. Based on this result, a recommendation for future
research on eye-gaze technology use in adults is to focus on persons with cerebral palsy, as their needs
and challenges might be different from those of people diagnosed with a progressive disease as adults.

Findings show that overall, adults used eye-gaze controlled computer more often and for longer
durations than the child participants during leisure time and used the device to a higher extent for
the activities that they wanted to perform (adults, 59% vs. children, 31%) and needed most (adults,
65% vs. children, 38%). High users (use of more than 8 h per day) included 16% of adults and 5% of
children. Moreover, even though many children (72%-74%) used an eye-gaze controlled computer
for activities they rated as most important (57% to talk; 43% for play activities and games) and were
regular users, a majority of parents either did not agree or agreed only to some extent that children’s
usage matched the needed number of activities (69%) and frequency of use (63%). From the parents’
perspective, the results indicate that eye-gaze technology is not as effective for a majority of children.
Issues of accessibility might explain the lower computer use/day among children than adults. Nearly
all participants had access to only one device that is difficult to set up [21], which might have influenced
the usage in the two settings. For example, children reported a higher use in school than at home
that, in turn, might be a result of only having access to an eye-gaze controlled computer in school.
Adults had a higher use per day during leisure time than children, which might be because a majority
of adult users were on sick leave because of which they did not have the same need for multiple
devices. The results also reveal that both adults and children were quite satisfied with the eye-gaze
controlled computer, although the parents were less satisfied with the associated services than adult
users. Fifty eight percent of participants reported the eye-gaze controlled computer as an efficient
assistive technology for daily life use. Still, 42% reported the device to be totally or quite effortful to
use. Factors affecting the efficiency of using the eye-gaze controlled computer is not investigated in
this study and is a recommendation for future research. Earlier studies have reported that eye strain
is a common problem for those using eye-gaze technology [17]. Service providers should, therefore,
consider whether and how the adaptations of the device applications can reduce the individual’s
perception of effort during use. Based on eye-tracking research in augmentative and alternative
communication applications, Light et al. [38] argued that even small changes in visual arrangements in
grids could enhance the visual search and eye-motor behavior of individuals with developmental or
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acquired disabilities when using the applications. Results show that although both the adult and child
participants in this study regularly used their eye-gaze controlled computer, adults reported greater
frequency of use for activities they wanted and needed to perform, and said they were more satisfied
with services compared to the parent respondents. Considering the identified differences between
adults and children, these results, in turn, indicate that service providers need to prioritize children as
eye-gaze technology users and learn more about their needs and specific circumstances to develop
more effective services for children and their parents.

Limitations

As a total survey, this study reached 41% of the target population of people who had received
and were currently using an eye-gaze controlled computer in Sweden. The study used a postal/web
survey for data collection and it is likely that the target groups’ complex communication needs
and severe disabilities reduced the response rate [39], particularly among adult users who might
have to answer for themselves using the eye-gaze controlled computer. Conducting a survey with
personal interviews often raises the response rate [39], but the complex communication needs in
this population ruled this out as an option. Non-response analysis found no differences between
respondents and non-respondents in age, gender, or diagnosis. The results might be generalizable,
although with caution.

Another limitation is that the child-participant questions were answered by their parents, who
often report more accurately on areas they can easily observe, such as activities in the home setting
rather than activities in school [40]. If parents did not consult with their children, the information
about school use might be flawed, especially considering that eye-gaze control computer use was
reported to be higher in school than in the home setting.

5. Conclusions

The results demonstrate the usability of eye-gaze controlled computers both at school and work
and during leisure for people with severe physical disabilities and complex communication needs of
all ages. The device was used primarily for communication but also enabled partaking in a wide range
of Internet activities, indicating that the device is important for participation at both the individual
and societal level. Overall, adults perceived higher usability of eye-gaze controlled computers than
children. They reported higher and more effective use and were more satisfied with services than
children, indicating that applications and services, particularly for children, can be improved.

Author Contributions: Conceptualization, H.H.; Formal analysis, M.B.; Investigation, M.B.; Methodology, H.H.,
and M.B.; Resources, H.H.; Writing—original draft, H.H. and M.B. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.

Acknowledgments: We thank all the Swedish assistive technology centers for making this study possible. We are
grateful to senior lecturer Jan Sandqvist, Linkdping University for contributing to the development of the survey
and to Linkoping University for internal funding.

Conflicts of Interest: The authors declare no conflict of interest

References

1.  Lin, C.-S; Yang, H.-J,; Lay, Y.-L.; Yang, S.-W. Design and evaluation of a public installation of an eye-gaze
system. Assist. Technol. 2011, 23, 187-198. [CrossRef] [PubMed]

2. Majaranta, P; Donegan, M. Introduction to gaze interaction. In Gaze Interaction and Applications of Eye Tracking:
Advances in Assistive Technologies; IGI Global: Hershey, PA, USA, 2012; pp. 1-9. ISBN 978-1-61350-098-9.

3.  Donegan, M.; Majaranta, P; Hansen, J.; Hyrskykari, A.; Aoki, H.; Wizner Hansen, D. Conclusion and look to
the future. In Gaze Interaction and Applications of Eye Tracking: Advances in Assistive Technologies; IGI Global:
Hershey, PA, USA, 2012.


http://dx.doi.org/10.1080/10400435.2011.567370
http://www.ncbi.nlm.nih.gov/pubmed/22256667

Int. |. Environ. Res. Public Health 2020, 17, 1639 12 of 13

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Caligari, M.; Godi, M.; Guglielmetti, S.; Franchignoni, F.; Nardone, A. Eye tracking communication devices
in amyotrophic lateral sclerosis: Impact on disability and quality of life. Amyotroph. Lateral Scler. Front.
Degener. 2013, 14, 546-552. [CrossRef] [PubMed]

Karlsson, P; Allsop, A.; Dee-Price, B.-].; Wallen, M. Eye-gaze control technology for children, adolescents
and adults with cerebral palsy with significant physical disability: Findings from a systematic review. Dev.
Neurorehabilit. 2018, 21, 497-505. [CrossRef] [PubMed]

Mele, M.L.; Federici, S. A psychotechnological review on eye-tracking systems: Towards user experience.
Disabil. Rehabil. Assist. Technol. 2012, 7, 261-281. [CrossRef]

Fuhrer, M.,; Jutai, J.; Scherer, M.; DeRuyter, F. A framework for the conceptual modelling of assistive
technology device outcomes. Disabil. Rehabil. 2003, 25, 1243-1251. [CrossRef]

Iwarsson, S.; Stahl, A. Accessibility, usability and universal design—Positioning and definition of concepts
describing person-environment relationships. Disabil. Rehabil. 2003, 25, 57-66. [CrossRef]

International Organization for Standardization. ISO 9241-11: Ergonomics of Human-System Interaction—DPart
11: Usability: Definitions and Concepts [Internet]; ISO: Geneva, Switzerland, 2018.

Cook, A.M.; Polgar, ]. M. Assistive Technologies: Principles and Practice; Elsevier: St. Louis, MO, USA, 2015;
ISBN 978-0-323-09631-7.

Lenker, J.A.; Paquet, V. A New Conceptual Model for Assistive Technology Outcomes Research and Practice.
Assist. Technol. 2004, 16, 1-10. [CrossRef]

Hwang, C.-S.; Weng, H.-H.; Wang, L.-F,; Tsai, C.-H.; Chang, H.-T. An Eye-Tracking Assistive Device Improves
the Quality of Life for ALS Patients and Reduces the Caregivers’ Burden. J. Mot. Behav. 2014, 46, 233-238.
[CrossRef]

Borgestig, M.; Sandqvist, J.; Ahlsten, G.; Falkmer, T.; Hemmingsson, H. Gaze-based assistive technology in
daily activities in children with severe physical impairments—An intervention study. Dev. Neurorehabilit.
2017, 20, 129-141. [CrossRef]

Curry, H.; Woodward, S.J. Using an eye-gaze system with two primary school pupils with severe accessing
difficulties. Commun. Matters 2007, 21, 2—4.

Donegan, M.; Morris, ].D.; Corno, E; Signorile, I.; Chid, A ; Pasian, V.; Vignola, A.; Buchholz, M.; Holmgqvist, E.
Understanding users and their needs. Univ. Access Inf. Soc. 2009, 8, 259. [CrossRef]

Najafi, L.; Friday, M.; Robertson, Z. Two case studies describing assessment and provision of eye gaze
technology for people with severe physical disabilities. J. Assist. Technol. 2007, 2, 6-12. [CrossRef]

Spataro, R.; Ciriacono, M.; Manno, C.; La Bella, V. The eye-tracking computer device for communication in
amyotrophic lateral sclerosis. Acta Neurol. Scand. 2014, 130, 40-45. [CrossRef] [PubMed]

Borgestig, M.; Sandqvist, J.; Parsons, R.; Falkmer, T.; Hemmingsson, H. Eye gaze performance for children
with severe physical impairments using gaze-based assistive technology—A longitudinal study. Assist.
Technol. 2016, 28, 93-102. [CrossRef] [PubMed]

Borgestig, M.; Rytterstrom, P.; Hemmingsson, H. Gaze-based assistive technology used in daily life by
children with severe physical impairments—parents’ experiences. Dev. Neurorehabilit. 2017, 20, 301-308.
[CrossRef]

Rytterstrom, P.; Borgestig, M.; Hemmingsson, H. Teachers’ experiences of using eye gaze-controlled
computers for pupils with severe motor impairments and without speech. Eur. J. Spec. Needs Educ. 2016, 31,
506-519. [CrossRef]

Caltenco, H.A.; Breidegard, B.; Jonsson, B.; Andreasen Struijk, L.N.S. Understanding Computer Users
with Tetraplegia: Survey of Assistive Technology Users. Int. J. Hum. Comput. Interact. 2012, 28, 258-268.
[CrossRef]

Johnsson, L.-A. Hilso- Och Sjukvdrdslagen: Med Kommentarer (Health and Helalth Care Law: With Comments);
Wolters Kluwer: Stockholm, Sweden, 2017; ISBN 978-91-39-11592-2.

Dahlberg, R.; Blomquist, U.-B.; Richter, A.; Lampel, A. The service delivery system for assistive technology
in Sweden: Curent situation and trends. Technology and Disability 2014, 26, 191-197. [CrossRef]

Berntson, E.; Bernhard-Oettel, C.; Hellgren, J.; Naswall, K.; Sverke, M. Enkditmetodik (Survey Methodology);
Natur & kultur: Stockholm, Sweden, 2016; ISBN 978-91-27-13708-0.

Demers, L.; Weiss-Lambrou, R.; Ska, B. The Quebec user evaluation of satisfaction with assistive technology
(QUEST 2.0): An overview and recent progress. Technol. Disabil. 2002, 14, 101-105. [CrossRef]


http://dx.doi.org/10.3109/21678421.2013.803576
http://www.ncbi.nlm.nih.gov/pubmed/23834069
http://dx.doi.org/10.1080/17518423.2017.1362057
http://www.ncbi.nlm.nih.gov/pubmed/28862491
http://dx.doi.org/10.3109/17483107.2011.635326
http://dx.doi.org/10.1080/09638280310001596207
http://dx.doi.org/10.1080/dre.25.2.57.66
http://dx.doi.org/10.1080/10400435.2004.10132069
http://dx.doi.org/10.1080/00222895.2014.891970
http://dx.doi.org/10.3109/17518423.2015.1132281
http://dx.doi.org/10.1007/s10209-009-0148-1
http://dx.doi.org/10.1108/17549450200800013
http://dx.doi.org/10.1111/ane.12214
http://www.ncbi.nlm.nih.gov/pubmed/24350578
http://dx.doi.org/10.1080/10400435.2015.1092182
http://www.ncbi.nlm.nih.gov/pubmed/26496529
http://dx.doi.org/10.1080/17518423.2016.1211769
http://dx.doi.org/10.1080/08856257.2016.1187878
http://dx.doi.org/10.1080/10447318.2011.586305
http://dx.doi.org/10.3233/TAD-140416
http://dx.doi.org/10.3233/TAD-2002-14304

Int. |. Environ. Res. Public Health 2020, 17, 1639 13 of 13

26.

27.

28.

29.

30.
31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

PTS (Post- och telestyrelsen). Svenskarnas anvandning av telefoni och internet, PTS individundersokning
2015. In The Swedes” Use of Telephony and the Internet, PTS’s Individual Survey 2015; PTS: Stockholm, Sweden,
2015.

Statens medierad Ungar och medier 2017. Kids and Media; Statens medierad: Stockholm, Sweden, 2017.
Willis, G.B.; Artino, A.R. What Do Our Respondents Think We're Asking? Using Cognitive Interviewing to
Improve Medical Education Surveys. J. Grad. Med. Educ. 2013, 5, 353-356. [CrossRef]

Light, J.; McNaughton, D. Communicative Competence for Individuals who require Augmentative and
Alternative Communication: A New Definition for a New Era of Communication? Augment. Altern. Commun.
2014, 30, 1-18. [CrossRef] [PubMed]

United Nations UN. Universal Declarations of Human Rights; UN: New York, NY, USA, 1948.

McNaughton, D.; Light, J.; Beukelman, D.R.; Klein, C.; Nieder, D.; Nazareth, G. Building capacity in AAC: A
person-centred approach to supporting participation by people with complex communication needs. AAC
Augment. Altern. Commun. 2019, 35, 56-68. [CrossRef] [PubMed]

Funke, A.; Spittel, S.; Grehl, T.; Grosskreutz, J.; Kettemann, D.; Petri, S.; Weyen, U.; Weydt, P; Dorst, J.;
Ludolph, A.C.; et al. Provision of assistive technology devices among people with ALS in Germany: A
platform-case management approach. Amyotroph. Lateral Scler. Front. Degener. 2018, 19, 342-350. [CrossRef]
[PubMed]

Townend, G.S.; Marschik, P.B.; Smeets, E.; van de Berg, R.; van den Berg, M.; Curfs, LM.G. Eye Gaze
Technology as a Form of Augmentative and Alternative Communication for Individuals with Rett Syndrome:
Experiences of Families in The Netherlands. J. Dev. Phys. Disabil. 2016, 28, 101-112. [CrossRef] [PubMed]
Wandin, H.; Lindberg, P.; Sonnander, K. Communication intervention in Rett syndrome: A survey of speech
language pathologists in Swedish health services. Disabil. Rehabil. 2015, 37, 1324-1333. [CrossRef] [PubMed]
Byiers, B.J.; Symons, EJ. Issues in Estimating Developmental Level and Cognitive Function in Rett Syndrome.
In International Review of Research in Developmental Disabilities; Elsevier: Amsterdam, The Netherlands, 2012;
Volume 43, pp. 147-185. ISBN 978-0-12-398261-2.

Rosenbaum, P; Paneth, N.; Leviton, A.; Goldstein, M.; Bax, M. A report: The definition and classification of
cerebral palsy April 2006. Dev. Med. Child. Neurol. 2007, 49, 8-14.

Atlas of Clinical Neurology, 3rd ed.; Rosenberg, R.N. (Ed.) Springer/Current Medicine Group: Philadelphia,
PA, USA, 2009; ISBN 978-1-57340-283-5.

Light, J.; McNaughton, D.; Beukelman, D.; Fager, S.K.; Fried-Oken, M.; Jakobs, T.; Jakobs, E. Challenges and
opportunities in augmentative and alternative communication: Research and technology development to
enhance communication and participation for individuals with complex communication needs. Augment.
Altern. Commun. 2019, 35, 1-12. [CrossRef]

Weisberg, H.F. The Total Survey Error Approach: A Guide to the New Science of Survey Research; University of
Chicago Press: Chicago, IL, USA, 2005; ISBN 978-0-226-89127-9.

Hemmingsson, H.; Olafsdottir, L.B.; Egilson, S.T. Agreements and disagreements between children and their
parents in health-related assessments. Disabil. Rehabil. 2017, 39, 1059-1072. [CrossRef]

@ © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.4300/JGME-D-13-00154.1
http://dx.doi.org/10.3109/07434618.2014.885080
http://www.ncbi.nlm.nih.gov/pubmed/30952185
http://dx.doi.org/10.1080/07434618.2018.1556731
http://www.ncbi.nlm.nih.gov/pubmed/30810411
http://dx.doi.org/10.1080/21678421.2018.1431786
http://www.ncbi.nlm.nih.gov/pubmed/29382225
http://dx.doi.org/10.1007/s10882-015-9455-z
http://www.ncbi.nlm.nih.gov/pubmed/27069348
http://dx.doi.org/10.3109/09638288.2014.962109
http://www.ncbi.nlm.nih.gov/pubmed/25250808
http://dx.doi.org/10.1080/07434618.2018.1556732
http://dx.doi.org/10.1080/09638288.2016.1189603
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Research Design 
	Participants 
	Questionnaire 
	Procedure 
	Data Analysis 

	Results 
	Section 1: Participant Characteristics 
	Communication 
	Eye-Gaze Technology Devices 
	Control Methods other than Eye-Gaze 

	Section 2: Use and Usability in Everyday Life 
	Frequency and Duration of Use 
	Activities 
	Efficiency 
	Effectiveness 

	Section 3: Satisfaction with the Device and Related Services 

	Discussion 
	Conclusions 
	References

