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Increasing participation in computer activities using eye-gaze assistive technology 
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aDepartment of Special Education, Stockholm University, Stockholm, Sweden; bCHILD, School of Health and Welfare, J€onk€oping University, 
J€onk€oping, Sweden; cFrank Porter Graham Child Development Institute, University of North Carolina at Chapel Hill, Chapel Hill, NC, USA; 
dGraduate Institute of Early Intervention, College of Medicine, Chang-Gung University, Tao-Yuan City, Taiwan; eDepartment of Physical 
Medicine and Rehabilitation, Chang Gung Memorial Hospital, Linkou, Tao-Yuan City, Taiwan    

ABSTRACT  
Purpose: Eye-gaze assistive technology offers children with severe motor and communication difficulties 
the opportunity to access and control a computer through eye movements. The aim of this study was to 
examine the impact of eye-gaze assistive technology intervention on participation in computer activities 
and technology usability among children with complex needs in Taiwan. 
Materials and methods: This study involved a multiple baseline design across individuals. The partici-
pants were four children aged three to six years with severe motor and communication difficulties and 
low eye-control skills. The six-month intervention consisted of two collaborative team meetings and 12 
individual supports to facilitate the use of eye-gaze assistive technology at home or in educational envi-
ronments. Participation in computer activities (diversity, frequency, and duration) was repeatedly meas-
ured through a computer use diary. Other outcomes included assessments of goal achievements and 
parents/teachers’ ratings on children’s performance in computer activities. 
Results: The young children increased the diversity of their computer activities and their frequency and 
duration of computer use from baseline to the intervention phase. The children attained six of eight pre-
defined goals related to play, communication, and school learning. Parents and teachers perceived the 
children’s changes in performance as meaningful. 
Conclusion: This study strengthens the evidence that eye-gaze assistive technology is useful in everyday 
contexts for children with complex needs in Taiwan. The findings add knowledge that children with weak 
eye-control skills increased participation in computer activities as a result of the eye-gaze assist-
ive technology.    

� IMPLICATIONS FOR REHABILITATION 
� Eye-gaze assistive technology (EGAT) as an access method to control a computer can provide oppor-

tunities for children with severe motor and communication difficulties to participate in com-
puter activities. 

� Children with severe motor and communication difficulties and low eye-control skills with sufficient 
practice can learn to use EGAT for communication and learning, with support from stakeholders and 
collaborative service. 

� EGAT could be introduced for children with complex needs at early ages as a means of using com-
puters for play, communication, and school learning, which could be helpful for later education 
and learning. 

� Stakeholders in educational environments could include EGAT in educational computer systems so 
that pupils with severe motor and communication difficulties could interact with a computer, thereby 
enhancing their engagement and learning. 
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Introduction 

Using a computer can facilitate a broader range of participation 
in educational activities, communication, and play within the 
classroom and the home environments for children with disabil-
ities [1]. Nevertheless, children with complex needs, (in this study, 
children with severe motor and communication difficulties), 
encountered difficulties gaining access to and interacting with a 

computer. Computer accessibility is declared important to 
enhance their communication and learning rights, which are core 
features of the Sustainable Development Goals and the 
Convention on the Rights of the Child [2–4]. With the advance-
ment of assistive technology (AT) to support social inclusion, eye- 
gaze assistive technology (EGAT) has become a feasible method 
for children with complex needs to control a computer through 
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eye movements and perform activities [5–11]. Emerging studies 
from Western countries have shown the feasibility of applying 
EGAT at home and in school [5,6,8,10,11]. However, recent sys-
tematic reviews found few intervention studies in children’s every-
day circumstances and have called for global, high-quality 
research tailored to contexts and available resources to evidence 
the efficacy of EGAT [12,13]. This study, which applied a single- 
case research design, adds to the evidence of EGAT applications 
among young children with complex needs in Taiwan. 

There is sparse evidence concerning the application and 
impacts of EGAT in Asia, where the AT policy and service system 
may differ from those of Western countries. Eligibility for EGAT 
applications (including software) in Taiwan is granted to people 
who have been diagnosed with severe physical disabilities or mul-
tiple disabilities with bilateral involvement, and who are unable to 
use other methods besides eye-gaze to control a computer [14]. 
The government subsidises the cost of AT, but individuals might 
make a co-payment depending on the device, software and 
mounting system, unlike in some Western countries such as 
Sweden, which offer full funding support. EGAT is a fairly new 
technology in Taiwan’s paediatric population, although a previous 
study on adults with amyotrophic lateral sclerosis revealed posi-
tive impacts in terms of improving their quality of life and reduc-
ing caregiver burden [15]. Hence, it is urgent to research EGAT 
implementation and to contribute contextual implications to glo-
bal EGAT research. 

Children with severe motor and communication difficulties 
may have multiple health issues, with associated impairments in 
vision and cognition [16,17]. They face significant challenges to 
social interaction, engaging in play and learning, and developing 
independence compared to their same-age peers [18–20]. They 
mostly use vocalisation, facial expressions, or eye-pointing to 
interact with others [21] and are highly dependent on their 
parents’ and teachers’ assistance in everyday life [7,22]. 
Communication and motor difficulties affect their ability to 
respond on traditional assessments; as a consequence, their cog-
nition and learning potential may be underestimated [23,24]. 

Eye-tracking systems can be applied to study passive gaze 
behaviours during cognitive and attention processing for diagnos-
tic purposes or can be used in interactive gaze application as 
assistive technology (the focus of the present study) [25,26]. For 
children with complex needs who have limited use of other inter-
faces such as a switch, touchpad, or voice to access a computer, 
EGAT might be their last option. EGAT harnesses an infra-red cam-
era to detect the direction of the gaze by calculating the relation-
ship between the child’s moving eyes and corneal reflection from 
infra-red light [26]; it enables direct pointing with the eyes to con-
trol a cursor and to execute a mouse click by gazing at an object 
for a certain amount of time (i.e., “dwelling”). Thus, this computer 
technology helps those children to emulate the ordinary use of a 
mouse and keyboard to access a number of computer activities, 
including playing games, aided communication as a means of 
augmentative and alternative communication (AAC), or perform-
ing learning tasks [5,6,8,10]. Using EGAT requires eye-control abil-
ities, such as gaze exploration on the screen and visual fixation 
on a screen target to activate it [26,27]. Children with visual prob-
lems, such as strabismus, may require extended time to practice 
eye-control skills in navigating a screen and dwelling on a target 
for selection [27,28]. 

To date, there has been little research on the usability and effi-
cacy of EGAT for children with complex needs under everyday cir-
cumstances [13]. Usability suggests how well an AT device and 
service enable a user to achieve goals effectively and to become 

satisfied with the use [29]. A recent systematic review reported 
fewer than five multiple case studies conducted in real-life set-
tings [13]. The researchers primarily targeted children with severe 
cerebral palsy (CP) or Rett syndrome. The intervention phase var-
ied, from trialling EGAT for approximately six weeks to up to one 
year. Two studies have addressed the process of participation in 
computer activities, showing that children with complex needs 
increased the frequency of computer use after they were exposed 
to EGAT [5,6]. They also showed increased duration of computer 
use and were engaged in using EGAT for communication and 
playing/games at home or in school, in an average of four differ-
ent activities. In addition, empirical studies indicate that children 
with complex needs increase their expressive communication 
skills [6,11]. The use of EGAT increases children’s initiations of 
communicative interactions and their intelligibility and facilitates 
the sharing of information [30]. Nevertheless, it could take several 
months or more than a year to develop eye-control skills [28]. 
Children with limited experience with communication aids need 
time to build not only eye-gaze skills but also their skills in using 
EGAT for communication and operating a computer. Eye-pointing 
experiences in the context of low-tech AAC methods (e.g., looking 
at graphic symbols on a communication board to communicate a 
message) [31] may be helpful for transferring skills for EGAT use. 
Notably, specialised services provided to parents/teachers are cru-
cial 5,32,33 to support children’s use in carrying out meaningful 
activities at home or in school and to help children cultivate 
EGAT and reap the associated long-term benefits. 

As indicated above, there are only a few longitudinal studies 
on EGAT application in children, and most research employs a 
case study methodology [13]. Although randomised control trials 
are used to examine efficacy, a single case design can also dem-
onstrate causal relationships between an intervention and partici-
pant outcomes [34]. Through serial observation of targeted 
behaviours of each participant at baseline and in the intervention 
phase, with replication across participants, this design can provide 
causal inferences of the effects on the manipulated independent 
variable, the EGAT intervention [35]. This study used a single-case 
research design [36] to investigate the impact of an EGAT inter-
vention on participation in computer activities, and to examine 
technology usability for children with complex needs in Taiwan. 

The researchers sought to answer three research questions:   

1. Do children with complex needs increase their computer 
activity participation (diversity of computer activities, fre-
quency, duration) after receiving an EGAT intervention? 

2. Do children with complex needs attain predetermined goals 
for computer participation after a six-month intervention? 

3. Do parents/teachers perceive positive changes in children’s 
performance in computer activities, and are they satisfied 
with their children’s performance? 

Methods 

Design 

A single-case research design was applied with a multiple base-
line design across individuals [36]. The inclusion of participants 
was non-concurrent [37], with the study beginning with different 
students (i.e., the initial baselines) starting zero to three months 
apart due to recruitment difficulties. This study involved a base-
line period (T1–T2), followed by a six-month EGAT intervention 
(T2–T4) and a one-month maintenance phase (T4–T5) (see 
Figure 1). 
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Intersubject replication and systematic manipulation of the 
EGAT intervention [35,38] was conducted for four participants. 
The onset of the intervention was randomised for each participant 
to control for potential confounders [35,38], with baseline periods 
of 14, 17, 20, and 23 days before the intervention onset. Neither 
participants nor assessors were blinded due to the nature of the 
intervention. Also, the study protocol was registered at 
Clinicaltrials.gov (NCT04377893). The report conformed to the 
Single-Case Reporting Guideline in Behavioural Interventions 
(SCRIBE) [39]. 

Recruitment and participants 

Since EGAT for the paediatric population is somewhat new in 
Taiwan, a two-day workshop was organised for therapists (physio-
therapists [PTs], occupational therapists [OTs], and speech-lan-
guage pathologists [SLPs]) (n¼ 25) and they were invited to 
recruit potential participants in northern Taiwan. Flyers containing 
research information and recruitment criteria were distributed to 
the therapists. The therapists first screened potential participants 
to become candidates for the EGAT. Next, the first author con-
tacted interested families to inform them about the study’s aims 
and procedures, and obtained informed consent. Furthermore, the 
children’s teachers at school/or child development centres were 
invited to participate. 

The inclusion criteria applied to children/youths who (1) were 
one to 25 years old; (2) had severe physical disabilities and com-
munication difficulties according to a medical diagnosis and the 
disability evaluation system; (3) had no or limited possibilities of 
interacting with computers using an input method other than 
EGAT (e.g., switches or touchpads); (4) were new to EGAT or had 
tried out EGAT, but had not used it in their daily routines; and (5) 
students’ parents and/or teacher agreed to support the use of 
EGAT at home or school. They knew that the eye-gaze device had 
been borrowed from the local distributor of Tobii (company 
name) and would be returned after the intervention ended. The 
exclusion criteria were (1) having progressive diseases that cause 
functional declines or serious illness (e.g., progressive childhood 
encephalopathy, adrenoleukodystrophy); and (2) being placed in 
an adult daycare centre. 

Four young children and their parents, along with their thera-
pists (n¼ 5) and teachers (n¼ 2), participated in the study. 

Participant characteristics were gathered from parents and med-
ical reports. The severity of gross motor, fine motor, and commu-
nication performance was evaluated based on the Gross Motor 
Function Classification System (GMFCS) [40], the Manual Ability 
Classification System (MACS) [41], and the Communication 
Function Classification System (CFCS) [42] with levels I (a less 
affected function) through V (a severely restricted function). In 
addition, their eye-control skills were assessed using the Compass 
Aim test [43] following the assessment procedure described in 
Borgestig et al. [28]. It included accuracy to determine whether a 
child gazed at the target for selection within the time threshold 
(30 s), and time on task to establish the time required to success-
fully select a target. Each test trial, lasting approximately six 
minutes, contained 12 targets randomly presented on the screen 
at three distances from the mouse cursor. High percentage scores 
for accuracy (maximum 100%) and short duration in time on tasks 
(maximum 30 s) indicate good eye-control skills. This measure has 
high test-retest reliability, high construct validity, and good 
internal consistency [43]. 

Table 1 presents detailed information about each participant 
(LiHao, ChiaYu, ShuWen and YiFen [pseudonyms]). The four partic-
ipants (female to male ¼ 3:1) were aged between three and six 
years (mean ¼ 5.1 years, SD ¼ 1.1) and had a diagnosis of dyski-
netic CP (LiHao, ShuWen and YiFen) or neurometabolic disorder 
(ChiaYu). All had profound impairments in gross and fine motor 
function (GMFCS, MACS level IV-V), as well as cognitive impair-
ments based on their medical charts. LiHao and YiFen had visual 
impairments, namely refractive errors, astigmatism, and/or strabis-
mus. The participants had low eye-control skills in accuracy 
(5.55–27.78%) and speed of target selection (13.01–22.90 s) 
according to the Compass Aim test. They used non-verbal com-
munication through vocalisation, facial expressions, or looking to 
refuse, obtain attention, express their needs, or interact with 
familiar people, but their communication might not be intelligible 
enough for their communication partners to understand them 
(CFCS level IV-V). They had few experiences using eye-pointing or 
low-tech communication devices. 

Ethical approval 

Written informed consent was received from parents on behalf of 
their children. Parents, therapists, and teachers knew the research 

Figure 1. The study procedure and measurements at each time point. Note. T1¼ the beginning of the baseline phase. T2¼ before the intervention started. T3¼ at 
the three-month intervention, T4¼ at the six-month intervention, T5¼ one-month after the intervention ended. GMFCS¼Gross Motor Function Classification System; 
MACS¼Manual Ability Classification System; CFCS¼ Communication Function Classification System; GAS¼Goal Attainment Scaling; COPM¼ Canadian Occupational 
Performance Measure. The study began with a workshop for therapists and participant recruitment. Then, the included participants were involved in a procedure, 
with a two to four-week baseline, followed by a six-month intervention and a one-month maintenance phase. The figure also presents the measurements conducted 
from T1 to T5.  
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group would assist with the EGAT application if, after the study, 
the participants and their parents decided to continue to use it. 
They were notified that they could withdraw from the study at 
any time without explanation, and this would not affect the serv-
ices given to the children. The study was conducted in accord-
ance with the Declaration of Helsinki and the protocol was 
approved by the ethical review boards in Taiwan (201812EM004) 
for study implementation and in Sweden (Dnr 2019-04902) for 
data transfer and data analysis. None of the families withdrew 
their children from the study and there were no overt indicators 
of discomfort for the participants. At no point were there any 
reports of harm from the intervention. 

Baseline (T1 to T2) 

The baseline data was observed when the participants took part 
in computer activities as usual. All participants had a computer/ 
tablet available at home or in school. As shown in Table 1, LiHao 
and ChiaYu occasionally used their personal eye-gaze device (i.e., 
Eye-tracker 4 C). ShuWen and YiFen used EGAT sporadically at a 
hospital in therapist-led treatment sessions. None of them 
received services to support their computer use at home or in 
educational environments. 

The EGAT intervention (T2 to T4) 

Table 2 summarises the intervention content following the 
Template for Intervention Description and Replication (TIDieR) 
guide [44]. The EGAT intervention, which included eye-gaze devi-
ces and collaborative service delivery, focussed on facilitating the 
use of EGAT to participate in computer activities such as playing, 
communication, and school tasks in daily contexts. Seven key ele-
ments were encompassed: (1) getting access to an eye-gaze 
device with adapted and personalised software; (2) participating 
in computer activities via EGAT at least three days per week; (3) 
fitting the activity content to a child’s interests, and (4) adjusting 
the difficulty level to keep a child motivated; (5) implementing 
computer activities based on the predefined goals; (6) parents/ 
teachers providing support and interacting with the child during 
his/her use; and (7) collaboration among parents, teachers and 
therapists to monitor the child’s progress and modify strategies. 

Device and personalised content 
The participants used the Tobii PCEye Mini (Tobii Dynavox Ltd.) 
during the intervention phase. It is an add-on eye-gaze device 
system for a laptop computer with 12 or 14 screen dimensions 
and a Windows environment. The PCEye Mini has higher accuracy 
and primary use for computer access and communication, com-
pared to Eye-tracker 4 C, which is mainly for gaming and basic 
Windows interaction. The laptop with the device was mounted on 
the desk with an adjustable table mount. EGAT software, 
HelpKidzLearn (Inclusive Technology Ltd.), or Look to Learn (Tobii 
Dynavox Ltd.) included play/leisure programs to target different 
eye-control activities. Each participant received an individualised 
program (i.e., Communicator 5 [Tobii Dynavox Ltd.]) tailored to 
their individual needs and preferences, including adapted commu-
nication pages (e.g., choices, feelings), leisure activities (e.g., 
music, photos), and learning tasks (e.g., naming, reading). 

Service delivery 
The collaborative team included (1) parents/teachers to imple-
ment the intervention in everyday contexts; (2) the participants’ 
therapists to support implementation and problem-solving; and Ta
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(3) the researcher to support parents, teachers and therapists in 
the use of EGAT and to facilitate information exchange. 

Service delivery involved a collaborative approach to problem 
identification, joint goal-setting and intervention planning, and 
joint review progress. Before the intervention, participants’ infor-
mation related to the EGAT service was gathered, including their 
functions, preferences, routine activities, positioning needs, and 
environmental settings. Following this, the researcher interviewed 
parents/teachers using the Canadian Occupational Performance 
Measure (COPM, see outcome measures) to identify two to three 
prioritised activities that their children/students could perform 
using the EGAT based on each child’s motivation and interests. 
The six-month intervention started with a planning meeting to 
set up goals using Goal Attainment Scaling (GAS, see outcome 
measures) and to formulate an individualised plan. The predeter-
mined goals were connected to an individualised education pro-
gramme in educational settings. Next, parents/teachers received 
individualised support on the use of EGAT every two weeks. One 
follow-up meeting was held after a three-month intervention to 
evaluate goal progress and adjust strategies. 

Parents/teachers were trained in how to operate the EGAT sys-
tem, as well as positioning for the participant and the computer’s 
ergonomic setting. They were given an EGAT manual to enhance 
use of the device and software. In addition, they were taught 
strategies to offer the children communication opportunities and 
models and to respond to attempts to support user communica-
tion/interactions via the EGAT. Due to the impact of the COVID-19 
pandemic from January to April 2020, individual support was 
modified such that it involved a hybrid method combining phys-
ical visits and teleconsultation with the same frequency. 

Context 
LiHao and ShuWen used EGAT at home. ChiaYu used the EGAT at 
school predominantly except for one-and-a-half months at home 
on winter holidays and the school closure period due to the 

COVID-19 pandemic. YiFen used the EGAT at home and once a 
week at the child development centre where it provides pre- 
school special education and early intervention programmes for 
children with disabilities. 

The therapists (two PTs, one OT, and two SLPs) had 
2.5–25 years of experience working with children with complex 
needs and were trained on AT assessments and applications. They 
had 0–1.5 years of experience with EGAT services. The teachers 
had three to 15 years of experience working with students with 
complex needs and zero to two months of experience with eye- 
gaze devices. 

Maintenance phase (T4 to T5) 

A one-month maintenance phase was implemented after the 
EGAT intervention to assess whether participation in computer 
activities in daily contexts had been maintained. The condition of 
eye-gaze devices was the same as the baseline phase. 

Treatment integrity 

The fidelity checklist included items covering seven key elements 
described in the EGAT intervention to evaluate the extent to 
which they implemented the intervention with fidelity. The assess-
ment used a three-point scale (2¼ always, 1¼ sometimes, 
0¼ none). The first author examined the treatment integrity once 
a month primarily by interviewing the therapists, supplemented 
by field observations on some items during home/school visits. 
The parents/teachers were interviewed when the therapists 
reduced direct observation of the participants’ use due to the 
pandemic. The percentage was computed by summing each 
item’s score and dividing this by the maximum total scores. The 
overall integrity throughout the intervention revealed high integ-
rity, with 93–96% in four participants. The integrity of implement-
ing each intervention element was 83–100% for all items, except 

Table 2. The EGAT intervention content. 

EGAT intervention EGAT devices and service delivery  

What (Materials) 
Devices 
Software  

Tobii PCEyeMiniþ laptop, adjustable table stand 
HelpKidzLearn or Look to Learn with different play activities 

Communicator 5 with adapted communication/learning/leisure pages 
Who 
Direct support to participants 
Service providers 
Coordinator 

Parents and/or teachers 
Therapists (PT, OT, SLP) 

The researcher 

What (Procedure) 
Service delivery 

Preparation:   
1. Workshops for service providers (14 h in two 

days), including instructions and practicum on 
EGAT use 

2. The researcher collected information related to 
the service. 

Intervention activities and procedure:  
1. Planning meeting 
� Team set individualised goals and developed 

intervention plan for implementing EGAT at 
home or in school/centre 

2. Individual support 
� Parents/teachers were trained to set-up EGAT and 

software use; an EGAT manual was provided. 
� Parents/teachers implemented intervention plan 

with team support for technical, pedagogical and 
gaze-control problems 

3. Follow-up meeting 
� Team jointly evaluated goals and modified 

strategies to meet a child’s motivation, needs 
and progress 

How Individually delivered 
Where Home or school/child centre 
How much (services) Planning meeting: 1 time 

Individual support to parents/teachers: Twice a month, total 12 times 
Follow-up meeting: 1 time 

How much (use) Daily use recommended  
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for Item 2 (participating in computer activities via the EGAT at 
least three times per week), with lower integrity of 50–83%. For 
this item aspect, parents and teachers were reinstructed to pro-
vide regular opportunities for computer use with support from 
therapists on possible adjustments in execution. 

Summative outcome measures 

The continuous dependent variable was participation in computer 
activities, assessed through a computer use diary. Social validity 
measures to determine the social importance of the intervention’s 
effects [36] included (a) achievements of predefined goals by GAS 
and (b) parents/teachers’ ratings on the children’s performance 
and their satisfaction with the children’s performance via 
the COPM. 

Participation in computer activities 
Participation in computer activities was defined as the children 
actively performing and interacting with computers via an access 
method, such as eye-gaze technology. A computer use diary, 
developed and examined in previous EGAT studies [5], was used. 
This diary encompassed (1) diversity of computer activities, to 
document the types of predefined activities engaged in each day 
(e.g., playing games, talking to someone), with possibilities to add 
additional activities (e.g., naming objects); (2) the number of uses 
per day; and (3) the duration of participation in computer activ-
ities (minutes/day) for each activity and the total duration in a 
day. Parents/teachers were instructed to document computer 
activity participation each day, from baseline continuously to the 
intervention and maintenance phases. 

Inter-assessor reliability. Diary data was validated with log data 
from the FocusMe program (FocusMe Inc., London, UK), which is 
software that displays the amount of time spent and the types of 
apps/software used on the computer each day. The agreement 
was defined as minutes per user day documented in the diary 
equal to or less than the minutes recorded by the FocusMe pro-
gram since the program noted every user’s data including the 
time when the stakeholder adjusted the content. A difference 
within ten minutes per user day was defined as acceptable given 
the human estimation. When the participants used the EGAT at 
the clinic, the diary data were compared with the log data from 
the therapists. The percent agreement showed acceptable inter- 
assessor reliability [45], with 100% in duration of computer use 
and diversity of activities, based on 50–100% user days at base-
line, and 77.8–89.3% in duration of computer use and 89.3–100% 
in the diversity of activities, grounded in 23–100% user days at 
the intervention phase. 

Goal attainment scaling (GAS) 
The collaboration team used GAS to set individualised, measur-
able goals [46]. The instrument was based on a five-point 
response scale as follows: � 2¼baseline or a child’s present level 
of performance; � 1¼progress but less than the expected out-
come; 0¼ expected level of the outcome; þ1¼ somewhat more 
than expected, þ2¼much more than the expected outcome [47]. 
A score of zero represented improvement consistent with the pre-
determined level of performance [46]. The GAS has good respon-
siveness [48] and content validity [49]. At T2, T3, and T4 (Figure 
1), a trained independent tester evaluated GAS based on field 
observations and information from parents/teachers 
and therapists. 

Canadian occupational performance measure (COPM) 
The COPM [50] was used as a proxy report to identify and priori-
tise important daily activities. The parents and teachers rated 
each activity according to their perception of the child’s perform-
ance and their satisfaction with the child’s performance, using the 
performance and satisfaction scales [51]. The rating score ranged 
from 1 (poor performance, low satisfaction) to 10 (good perform-
ance, high satisfaction). The measure has acceptable to good 
internal consistency in parent proxies (Cronbach’s alpha ¼ 0.73, 
0.82) and good construct validity and responsiveness [50,51]. 

At T2, T3, and T4 (Figure 1), the independent tester held inter-
views with parents/teachers to evaluate their ratings for the iden-
tified activities. They were blinded to the previous scoring [52], 
and a narrative description of their observation of each child’s 
changes was documented. 

Analysis 

Participation in computer activities was analysed and presented 
to show (1) the diversity of activities; (2) the frequency of use 
(days with use in percent); and (3) duration (total minutes per 
user day). Days excluded for analysis were when the participant 
or his/her parent was sick, the device was broken, the family was 
on holiday, or on weekend days when the participant only used 
the EGAT in school during the intervention phase (i.e., ChiaYu). 
Descriptive statistics (mean, SD, range) were computed for each 
variable at each phase. 

Daily usage and the duration of participation in computer 
activities were graphed per day for each participant for visual 
inspection. On the graph, the data presentation changed from 
individual data to data for a week after 50 days for ease of pres-
entation due to the long intervention and space constraints. 
Criteria for visual inspection contained level (i.e., mean) changes 
across phases, variability differences across phases, the immediacy 
of the effect, and consistency in the overall pattern [38,53]. The 
mean of the data points within a phase was calculated and then 
compared across phases. The range (high minus low data points) 
in each phase indicated the extent of variability. The immediacy 
of the effect [36] was examined by projecting a split middle trend 
line at baseline into the first three data points of the intervention 
phase and comparing the predicted data to the actual data points 
for the first three days. Consistency in the overall pattern entailed 
determining the extent to which the data patterns across phases 
remained similar. 

Supplementary to visual analysis, restricted maximum likeli-
hood estimation (REML) was used to obtain design-comparable 
effect sizes for group effects [54] via a web calculator (https:// 
jepusto.shinyapps.io/scdhlm/) [55]. REML has the advantages of 
using hierarchical linear models, less restricted assumptions for 
between-case variations, and unbiased effects with at least three 
participants [56]. Concerning no obvious trends and the parsimo-
nious assumption in the small sample, a model was selected with 
varying intercepts, varying intervention effects, and no trends 
[54], allowing for the assumption that the intervention effect var-
ied across participants. Interpretation of the effect size involved 
the benchmark of Cohen’s d at 0.2 (small), 0.5 (medium), and 0.8 
(large) [54]. 

Descriptive analysis reported the number of achieved goals 
(GAS�0) and presented the changes in the average score (range: 
1–10) on the two scales of COPM at T3 and T4 from T2. A score 
change of two points or more on the COPM indicates clinically 
important differences [50]. 
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Results 

The results were structured to first present the outcomes of par-
ticipation in computer activities for each participant, with Table 3 
demonstrating computer usage at each phase and Figure 2 dem-
onstrating visual inspection of the duration of computer use 
(Daily data graphs for each participant are presented in supple-
ment 1 to show variability). Furthermore, the goal achievements 
by GAS assessment and the changes in COPM ratings are pre-
sented in Table 4. 

Participants performed computer activities with varied numbers of 
pictures/symbols on computer pages of the play, communication or 
learning activities, as shown in the Appendix. In general, there were 
2–12 pictures per activity page and 2–6 symbols per communication 
page. There was an increase in the total number of symbols/pictures 
from the beginning (46–111 pictures/symbols) to the end of the 
intervention (69–204 pictures/symbols). 

Participation in computer activities 

Participant 1: LiHao 
LiHao used the computer to play games during baseline (diversity 
of activities ¼ 1) and increased the diversity of activities during 
the intervention phase: playing games, playing music/videos, 
watching photos, making choices/communicating, performing 
learning tasks, and using an activity calendar (n¼ 6). As shown in 
Table 3, LiHao increased the frequency of use from baseline to 
the intervention phase (14–37%, 1–2.5 days). He mostly used the 
EGAT once per user day. 

During the baseline, LiHao performed computer activities 
twice, with durations of 5 and 20 min. Throughout the interven-
tion phase, LiHao slightly increased the duration of computer use, 
with a mean duration of 16.2 min per user day (SD ¼ 11.59). 
LiHao exhibited a longer duration of computer use from T3 to T4 
(mean ¼ 21.3 min, SD ¼ 11.57) than T2 to T3 (mean ¼ 12.4 min, 
SD ¼ 10.13). A small level change across phases (mean difference 
¼ 4.14) is displayed in Figure 2. There was greater variability dur-
ing the intervention phase than during the baseline phase (range 
¼ 56 min vs. 15 min). There was no immediacy of response to the 
intervention. 

During the maintenance phase, LiHao performed play activities 
and listened to/watched music/videos using his eye-gaze device. 
He decreased the frequency of computer use (1.3 days/week on 
average), with a mean duration per user day of 12 min (SD ¼
4.47, range ¼ 10–20 min). 

Participant 2: ChiaYu 
During the baseline phase, ChiaYu interacted with a computer to 
play games or name objects in a language lesson (n¼ 2). During 
the intervention phase, she increased her diversity of activities, 
encompassing choice-making/communication, responding to 
learning tasks in the language class, counting in a maths lesson, 
and occasionally playing videos, games, and looking at pho-
tos (n¼ 6). 

ChiaYu increased the frequency of use from baseline to the 
intervention phase (35–71%, 2–3.1 days/week) (Table 3). She used 
the EGAT more frequently during the intervention (mean ¼ 2.2 
times [SD ¼ 0.71] per user day) than during the baseline phase 
(once per user day). 

During the baseline, ChiaYu performed computer activities 
with a mean duration of 14.7 min per user day (SD ¼ 7.26). 
Throughout the intervention phase, ChiaYu increased the duration 
of computer use by a mean of 30.8 min per user day (SD ¼
11.71). ChiaYu had a longer duration of use from T3 to T4 (mean Ta
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Figure 2. Duration of participation in computer activities for each participant. Note. Data were aggregated from daily to weekly average after 50 days because of 
space constraints. Zero performance days of data mean that the computer was available, but the participants did not use it. A hatch mark (//) indicates interruption 
(that is days when the intervention was usually followed but there was no opportunity because the computer was not available to the children). Horizontal solid line 
(blue) ¼ level (mean) at each phase. Horizontal dash line (red) ¼ split middle trend line at baseline. This graph displayed that ChiaYu, ShuWen, and YiFen showed a 
clear level (mean) change from baseline to the intervention phase, and the immediacy of effects was evident. LiHao only showed a small level change across phases, 
and there was no immediacy of response to the intervention.  
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¼ 36.6 min, SD ¼ 9.78) than T2 to T3 (mean ¼ 24.5 min, SD ¼
10.37). As shown in Figure 2, she demonstrated a clear change in 
levels across phases in the duration of computer use (mean differ-
ence ¼ 17.12), although there was a large variability during the 
intervention phase compared to the baseline phase (range ¼
55 min vs. 15 min). The immediacy of effects was evident once the 
EGAT was implemented. 

During the maintenance phase, ChiaYu used her eye-gaze 
device for choice-making/communication, and language and 
maths lessons. She increased participation in computer activities 
to four days per week on average and increased the duration of 
computer use per user day (mean ¼ 34.1 min, SD ¼ 5.54, range 
¼ 25–45 min). 

Participant 3: ShuWen 
During baseline, ShuWen used a computer with the EGAT to play 
games and look at photos (n¼ 2), and increased her diversity of 
activities during the intervention phase, including playing games, 
choice-making/communication, looking at photos, and playing 
music/watching videos (n¼ 4). 

ShuWen increased the frequency of use from baseline to the 
intervention phase (5–34%, 0.3–2.2 days/week). She mainly used 
the EGAT once per user day (mean ¼ 1.1, SD ¼ 0.31). During 
baseline, ShuWen performed computer activities once for a dur-
ation of 20 min. Throughout the intervention phase, she increased 
the duration of computer use, with a mean of 29.4 min per user 
day (SD ¼ 11.03). She also demonstrated a more extended dur-
ation of use from T3 to T4 (mean ¼ 35 min, SD ¼ 9.81) than T2 
to T3 (mean ¼ 24.6 min, SD ¼ 9.80). As shown in Figure 2, 
ShuWen exhibited a clear level change across phases in the dur-
ation of use (mean difference ¼ 8.91), but the variability was large 
during the intervention phase (range ¼ 50 min). Immediate effects 
of the intervention were observed. 

During the maintenance phase, she used computers for the 
same activities as in the intervention phase. She did not have a 
personal device and thus used the EGAT once a week in a hos-
pital setting. She slightly decreased the duration of computer use 
(mean ¼ 28.8 min per user day, SD ¼ 6.29, range ¼ 25–35 min). 
ShuWen’s parents met the teacher at the child centre to discuss a 
further arrangement to use the EGAT in the classroom. 

Participant 4: YiFen 
YiFen used a computer to play games only (n¼ 1) during the 
baseline phase and increased her diversity of activities during 
the intervention phase, encompassing playing games, listening 
to music/watching videos, and choice-making/communica-
tion (n¼ 3). 

YiFen increased the frequency of use from baseline to the 
intervention phase (4–50%, 0.3–3.2 days/week on average). She 
mostly used the EGAT once per user day (mean ¼ 1.01, SD ¼
0.12). During baseline, YiFen performed computer activities once 
for a duration of 20 min. Throughout the intervention phase, she 
increased the duration of computer use by a mean of 22.8 min 
per user day (SD ¼ 8.92). She showed slightly prolonged use from 
T3 to T4 (mean ¼ 25 min, SD ¼ 8.31) than T2 to T3 (mean ¼
20.9 min, SD ¼ 9.09). In Figure 2, YiFen displayed a level change 
across phases in the duration of use (mean difference ¼ 10.5), 
although there was large variability during the intervention phase 
(range ¼ 40 min). There was an immediacy of response to the 
intervention. During the maintenance phase, YiFen did not have 
access to the EGAT and hence did not perform computer activ-
ities. Her parents decided to apply for a personal device and 
received assistance from the SLP. 

Group results 
All participants demonstrated an increase in the diversity of activ-
ities from baseline to the intervention phase (between one to two 
and three to six activities). The most common computer activities 
the children performed were playing games and communication. 
The participants exhibited an increased frequency of use, from 
baseline to the intervention phase (0.3–2 days/week and 
2.2–3.2 days/week). All participants displayed a longer duration of 
computer use in the second half of the intervention than in the 
first half of the intervention. In Figure 2, three participants (except 
for LiHao) showed positive changes in the duration of computer 
use and consistent patterns across phases when the EGAT was 
implemented, despite considerable variability during the interven-
tion phase. ChiaYu also demonstrated an increase in computer 
use duration during the maintenance phase. 

REML model estimates indicated moderate group effects, with 
a between-case standardised mean difference equal to 0.76 
(standard error ¼ 0.23, 95% confidence interval ¼ 0.31–1.21, 
degrees of freedom ¼ 327.8, autocorrelation ¼ 0.05). The positive 
effects on the duration of computer use, from visual inspection 
and statistical analysis, coincided with manipulation of the inde-
pendent variable, demonstrating a functional relationship [35,36] 
between the EGAT and participation in computer activities. 

Social validity: goal achievements and parents’ and 
teachers’ ratings 

As presented in Table 4, six of eight predetermined goals were 
achieved, including goals related to play (n¼ 3/3), choice-making/ 
communication (n¼ 2/4), or school learning tasks (n¼ 1/1) with 

Table 4. GAS scores and the score changes of the performance and satisfaction scales of COPM at T3 and T4. 

Name 
Number of  

achieved goals Categories of goals 

GAS score COPM change at T3 COPM change at T4 

T3 T4 Performance Satisfaction Performance Satisfaction  

LiHao 1/2 Goal 1: Engagement in computer play activities 0 þ1   7.5   9   7   8.5 
Goal 2: 
Choose activities to express his wants 

� 1 � 1 

ChiaYu 2/2 Goal 1: 
Choose activities in school lessons and recess time 

� 1 0   2.3   2   3.3   2.5 

Goal 2: 
Respond to school learning tasks 

� 2 0 

ShuWen 2/2 Goal 1: Engagement in computer play activities � 1 0   0.8   0.8   2   1.5 
Goal 2: 
Choose what to do during playtime 

� 1 þ1 

YiFen 1/2 Goal 1: Engagement in computer play activities 0 þ1   3   3.5   4.5   5 
Goal 2: 
Choose what to do during playtime 

� 2 � 1  

Note. GAS¼Goal Attainment Scaling. COPM¼ Canadian Occupational Performance Measure.
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adults’ verbal prompts. Examples of the predefined goals are as 
follows: (a) Play: During playtime/leisure, LiHao can engage in com-
puter play activities for at least 10 min each time; (b) Choice-mak-
ing/communication: ShuWen can purposefully choose activities/ 
objects she wants from the communication pages in four situations 
daily; (c) School learning tasks: ChiaYu can use the EGAT to respond 
to learning tasks in the language lesson, pointing out 10 pic-
tures correctly. 

LiHao attained the first goal of engagement in computer play 
activities but did not reach the expected level for the second goal 
(GAS¼ � 1, purposefully choosing objects/activities three to four 
times daily). ChiaYu achieved both goals at the end of the EGAT 
intervention, choosing activities during school lessons and recess 
time, and responding to learning tasks for a language lesson. 
ShuWen attained both goals at the end of the EGAT intervention 
in terms of engagement in computer play activities and choice- 
making for activities/objects in daily contexts. The second goal 
was achieved beyond expectations (GAS¼ þ1, choosing a daily 
activity in at least five situations). YiFen attained the first play 
goal but did not reach the second goal (GAS¼ � 1, purposefully 
choosing activities/snacks in one situation daily). 

Parents’ and teachers’ ratings on the child’s performance 
revealed clinical significance for all participants at T4 (a score 
change of performance scale on the COPM for LiHao, ChiaYu, 
ShuWen and YiFen at 7, 3.3, 2, and 4.5, respectively) (Table 4). 
Their satisfaction ratings with the children’s performance reached 
clinical significance for LiHao, ChiaYu and YiFen (a score change 
on the satisfaction scale of the COPM at T4 at 8.5, 2.5, and 5, 
respectively), except for ShuWen (score change ¼ 1.5). 

Discussion 

To the best of our knowledge, this study is one of the few studies 
using a single-case research design to demonstrate the effects of 
applying EGAT in everyday contexts. Four young children with 
complex needs and low eye-control skills demonstrated increased 
participation in computer activities when the EGAT was imple-
mented. Three participants exhibited a substantial change and an 
immediate effect in the duration of computer use. The results 
met the criteria for causal inference in single-case designs with at 
least three demonstrations (i.e., participants) at three points in 
time [38], indicating that the changes in computer participation 
can be attributable to the EGAT intervention. Moreover, the evalu-
ation for social validity supplemented the experimental findings 
in which participants achieved (fully or partially) predefined goals 
that were socially important, and the teachers and parents per-
ceived the children’s improvement to be meaningful. 

Increase in computer activity participation 

The findings supported two earlier intervention studies [5,6], 
regarding improved diversity of computer activities, and the fre-
quency and duration of computer use after introducing EGAT, 
although the young participants in the present study had lower 
eye-control skills initially and all had cognitive impairments. These 
findings are encouraging since the young children had previously 
encountered many challenges in participation in activities. The 
results demonstrated similar findings of increased diversity of 
computer activities (n¼ 3–6 vs. mean ¼3.8 [7] and mean ¼ 4.1 
[8]) with playing games and communication/making choices as 
the most common activities, demonstrating that these activities 
were appropriate and doable for young novice users. 

The increased duration of computer use entailed that the chil-
dren showed an extended time to actively perform and get 
involved in activities for play, communication, or learning via 
EGAT. This finding could indicate that the children demonstrated 
a willingness to use this new technology within everyday contexts 
and increased engagement in computer activities over time. 
Nevertheless, compared with previous studies [5,6], the partici-
pants showed lower frequencies (2.2–3.2 days/week vs. weekly to 
daily use) and shorter durations per user day (mean ¼ 25 min vs. 
40 or 70 min per user day). It was noted that low frequencies of 
use (i.e., low exposure) might make it difficult for these children 
to use EGAT spontaneously for communication or other activities 
and in many situations. The children usually used EGAT on one or 
two occasions per day, and still, the activity diversity increased. 
Different findings could be explained by the participants’ charac-
teristics, the technology system, and opportunities of use. 

As regards the participants’ characteristics, the children had 
younger ages on average and demonstrated weaker eye-control 
skills and fewer eye-pointing experiences than those in an earlier 
Swedish study [28], which may impact their attention span and 
endurance when starting computer use. This study indicates that 
20–30 min each time might be optimal for these young beginners 
to maintain attention and engage in computer activities without 
fatiguing and negatively impacting their motivation and perform-
ance. The findings revealed that eye-pointing for communication 
could be critical for learning to use EGAT. Practicing gaze fixations 
and gaze shifts to direct a communication partner’s attention to 
an object [31], can be generalised to EGAT operation; for example, 
purposefully pointing at graphic symbols/pictures on a screen to 
communicate with teachers. Therefore, service delivery could 
incorporate this skill training (gaze fixation and gaze shifts) to 
enhance future EGAT use. 

For the technology system, added-on EGAT with a laptop 
might require more time to set up and calibrate compared to all 
built-in devices, in which all components are integrated within a 
single system [11]. Due to the high cost and extensive self-fund-
ing of all-in-one devices in Taiwan, their use was not investigated. 
Moreover, a device with a table stand might limit portability 
within and across environments. These factors may be attributes 
regarding the frequency of use based on stakeholders’ feedback, 
indicating that the convenience of an eye-gaze system is crucial 
for teachers and parents. 

Moreover, children with complex needs depend on the adults 
setting up opportunities for EGAT use and positioning them in 
front of computers [6,57]. ChiaYu’s teacher integrated eye-control 
activities into different school activities, and YiFen used the EGAT 
both at home and in the centre; thus, their frequency of use 
increased. The findings suggest that it is imperative to support 
parents/teachers in embedding EGAT use into daily routines to 
provide regular (but short) sessions to increase exposure, thus 
enhancing opportunities for use and skill acquisition. A forthcom-
ing study will further investigate what impacts the provision of 
frequent opportunities for computer use based on stakeholders’ 
perceptions and experiences when supporting the child in every-
day contexts. 

Positive impacts on technology usability 

The participants achieved all goals related to play, indicating that 
the children could use the EGAT to participate in play/leisure, 
gradually increasing independence. Engagement in play activities 
and having fun are critical for early learners to comprehend gaze- 
computer interaction, learn eye-control skills, and gain motivation 

EYE-GAZE TECHNOLOGY FOR COMPUTER PARTICIPATION 501 



to explore other computer activities. The positive outcome might 
be related to the increasing duration of computer use during 
T3–T4 for all participants. From a transactional perspective [58], 
children’s engagement in play might also influence the engage-
ment of parents/teachers when supporting their use, towards a 
positive interaction. From field notes, parents/teachers recognised 
these meaningful changes, reporting that the participants exhib-
ited increased active responses during the interactions as well as 
independence when performing these activities rather than rely-
ing completely on adults’ assistance. 

ChiaYu and ShuWen achieved their communication goals. 
LiHao and YiFen showed progress but did not attain the expected 
outcomes. The results indicate that the EGAT enabled children 
with communication difficulties to make choices to communicate 
their wants and to demonstrate self-determination in daily activ-
ities. This echoes a recent finding, reporting that children could 
benefit from using EGAT to enhance communication skills and to 
communicate information intelligibly [6,11,30], which could have 
a long-term impact on their learning and development. 
Nevertheless, children with visual impairments and weak eye-con-
trol skills, such as LiHao and YiFen, might require an extended 
time to build gaze control skills and learn to operate an alterna-
tive communication system. Recent studies suggest that AAC 
exposure to augmented communication learning and adult mod-
elling affect a child’s augmented expressive communication 
[33,59]; this highlights the importance of providing daily commu-
nication opportunities and scaffolding EGAT use as a means of 
communication. Further training on communication strategies for 
parents/teachers, along with team support [9,33,60], would be 
critical to enhance communication outcomes. Although it would 
only be a small step, children expressing their wants or needs 
intelligibly could be meaningful for parents/teachers to discover 
the child/student’s abilities and interests for future learning. 

For clinical implications, in line with recent guidelines for EGAT 
[32], it is necessary to evaluate individual functioning and needs 
and the child’s environment to develop individualised goals for 
EGAT use. For children with dyskinetic CP, appropriate positioning 
to reduce the interference of involuntary movements and fatigue 
would be critical since their comfort impacts their performance 
and eye stamina. It is recommended to gradually increase the 
duration of use (e.g., 20–30 min) but use EGAT every day. As chil-
dren with dyskinetic CP commonly have unstable gaze fixations, 
particularly when visual impairments coexist [27], starting an 
activity where children are motivated and could actively partici-
pate (e.g., playing games) is paramount for building familiarity 
with gaze computer interaction and reducing frustration. With 
increasing gaze control skills, they can exercise a broader range of 
activities to maximise the benefits of using EGAT for play, com-
munication, and learning. Additionally, follow-up services are 
essential to support parents/teachers on EGAT implementation 
and to facilitate technology uptake. 

Limitations 

This study used a non-concurrent multiple baseline design, which 
might not be as robust as the concurrent version of this design 
[36]. To improve the internal validity, a previously identified base-
line and randomisation of the onset of the intervention phase 
were employed for each participant [37,61]. However, the short 
interval for the staggered onset of intervention might be a con-
straint, given the lack of opportunity to observe the effects before 
proceeding to the next participant’s intervention. The reason for 
choosing a three-day interval was practical since it reduced the 

waiting time and possible attrition. However, a longer delay in 
the onset of the intervention between participants would provide 
a more robust basis from which to draw inferences. 

Wide variability in the duration of computer use was noted. 
The considerable variability might be related to the performance 
characteristics in this unique group since their health conditions 
and multiple disabilities might result in fluctuating performance 
on a daily basis [16,17]. The variability was also associated with 
the opportunities parents and teachers provided each day. 
Concerning the variability, this study included an extended inter-
vention phase to observe the pattern of responses. 

An additional limitation was that the presence of eye-gaze 
devices during the baseline differed among participants. However, 
according to the visual graphs, the device alone did not make 
apparent differences, nor did it indicate effectiveness for LiHao 
and ChiaYu, and these facts represent a rationale for implement-
ing an EGAT intervention. The finding indicates that the EGAT ser-
vice, and not just providing the technology, is critical to support 
the use of EGAT. 

This study assessed treatment integrity using interviews with 
partial items validated by field observations. The intervention con-
ducted in everyday settings made it challenging to observe the 
implementation of all items, and video recording was judged as 
disruptive for parents/teachers. However, it should be noted that 
the interview approach might be more susceptible to bias than 
observation data, even though it has advantages of clarifying 
implementation issues and offering immediate feedback on inter-
vention adjustments [62]. 

Lastly, the results could only be generalised to similar partici-
pant characteristics and with a specific collaborative team service. 
Further research is needed, for example, at least five single-case 
research design studies by independent research groups with at 
least 20 cases and meta-analysis studies to enhance external val-
idity and inform evidence-based practice [34,36]. The small popu-
lation presented a challenge in establishing evidence with 
statistical power [6]. With knowledge progress and an increasing 
number of children with access to EGAT, future large-scale inter-
vention studies could be made possible to strengthen the effect-
iveness of EGAT and improve generalisation. 

Conclusion 

This study adds knowledge that, with sufficient practice, children 
with complex needs and low eye-control skills benefit from using 
EGAT to increase the diversity of computer use by involving three 
to six different activities. They showed an increased frequency 
(although not daily) and duration of computer use, with about 
half an hour per user day after applying EGAT for three months 
(research question 1). This study, using a single-case research 
design, strengthens the evidence for the effects of EGAT applica-
tion in everyday contexts in an Asian context. The findings sup-
port the usability of EGAT at home and in educational 
environments for children with complex needs to attain play, 
communication or learning goals (question 2), with support from 
stakeholders and collaborative service. The parents and teachers 
expressed satisfaction with the children’s change in performance 
(question 3). Overall, the findings suggest that EGAT is a useful 
method to enhance children’s participation and learning potential 
and can be introduced at early ages to facilitate their com-
puter use. 

Given that the availability and funding for EGAT may differ 
among cultural contexts, future studies are critical to investigate 
facilitators and barriers for the effective use of EGAT to support 
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the recommendations for EGAT provision. Long-term follow-up 
studies are needed to provide insights into sustained effects. 
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Appendix Individualised content of EGAT use at the beginning and the end of the intervention phase 

Name Beginning of intervention End of intervention  

LiHao Communication: 2–6 symbols/page; 
Play, leisure: 2–12 pictures/page; 
Total 102 pictures/photos/PCS symbols 

Communication: 2–6 symbols/page; 
Play, leisure: 2–12 pictures/page; 
Learning: 2–9 pictures/page. 
Total 143 pictures/photos/PCS symbols 

ChiaYu Communication: 2–4 symbols/page; 
Learning: 1–4 pictures/page; 
Play, leisure: 3–12 pictures/page. 
Total 111 pictures/photos/PCS symbols 

Communication: 2–6 symbols/page; 
Learning: 1–5 pictures/page; 
Play, leisure: 3–12 pictures/page. 
Total 204 pictures/photos/PCS symbols 

ShuWen Communication: 2–4 symbols/page; 
Play, leisure: 2–12 pictures/page; 
Total 62 pictures/photos/PCS symbols 

Communication: 2–8 symbols/page; 
Play, leisure: 4–12 pictures/page; 
Total 112 pictures/photos/PCS symbols 

YiFen Communication: 2–4 symbols/page; 
Play, leisure: used Look to learn mostly, other pageset: 2–12 pictures/page; 
Total 46 pictures/photos/PCS symbols 

Communication: 2–4 symbols/page; 
Play, leisure: used Look to learn, other pageset: 2–12 pictures/page; 
Total 69 pictures/photos/PCS symbols  

Note. PCS¼ Picture Communication Symbols.
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