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Case report: Novel use of clinical 
brain-computer interfaces in 
recreation programming for an 
autistic adolescent with 
co-occurring attention deficit 
hyperactivity disorder
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Tom Chau 2,3*
1 Clinical Brain Computer Interface Program, Holland Bloorview Kids Rehabilitation Hospital, Toronto, 
ON, Canada, 2 Holland Bloorview Kids Rehabilitation Hospital, Bloorview Research Institute, Toronto, 
ON, Canada, 3 Institute of Biomedical Engineering, University of Toronto, Toronto, ON, Canada

Background: In recent years, several autistic1 children and youth have shown 
interest in Holland Bloorview Kids Rehabilitation Hospital’s clinical brain 
computer interface (BCI) program. Existing literature about BCI use among 
autistic individuals has focused solely on cognitive skill development and 
remediation of challenging behaviors. To date, the benefits of recreational BCI 
programming with autistic children and youth have not been documented.

Purpose: This case report summarizes the experiences of an autistic male 
adolescent with co-occurring attention deficit hyperactivity disorder using a BCI 
for recreation and considers possible benefits with this novel user population.

Methods: A single retrospective chart review was completed with parental 
guardian’s consent.

Findings: The participant demonstrated enjoyment in BCI sessions and 
requested continued opportunities to engage in BCI programming. This 
enjoyment correlated with improved Canadian Occupational Performance 
Measure (COPM) scores in BCI programming, outperforming scores from 
other recreational programs. Additionally, clinicians observed changes in social 
communication efforts and self-advocacy in this first autistic participant.

Conclusion: The use of brain computer interfaces in recreational programming 
provides a novel opportunity for engagement for autistic children and youth 
that may also support skill development.
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brain-computer interface, Autism spectrum disorder, recreation, participation, 
occupational therapy

1 Identity-first language is the preferred language of many, though not all, people in the autism 

community (Keating et al., 2023). We use this language but recognize that individual preferences will vary 

and should be respected.
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1 Introduction

Holland Bloorview Kids Rehabilitation Hospital, Canada’s largest 
children’s rehabilitation hospital, has been implementing brain 
computer interface (BCI) technology into clinical practice since 2019. 
The Clinical BCI Program aims to make active play and recreation 
(e.g., videogames and switch-adapted activities) accessible to all 
children, agnostic of diagnosis. Initially, most of the children and 
youth attending the clinic were those with severe neuromotor 
conditions. However, interest from families of autistic children led to 
their inclusion in both individual occupational therapy (OT) BCI 
sessions and therapeutic recreation (TR) BCI group programmes. This 
case report details the experiences of the first autistic adolescent to 
participate in both OT and TR BCI sessions, highlighting unexpected 
benefits observed by clinicians. In healthcare, case reports are 
retrospective descriptions of single individuals that provide an 
opportunity to learn from a new phenomenon (Alpi and Evans, 2019). 
With their focus on the variable interplay between individual, 
environment and activity, OT and TR are complex interventions well 
suited to such descriptive reports (McQuaid et al., 2023).

1.1 Play

The United Nations Convention on the Rights of the Child (1989) 
asserts the right of every child to engage in play and recreational 
activities. In addition to the joy derived from these activities, children 
and youth develop social, emotional, cognitive, and motor skills by 
participating in various forms of play (Brown and Lynch, 2023; 
Rosenberg et al., 2013; Suto, 1998; Tanta and Knox, 2015). Playing as 
part of a collective encourages greater participation within and beyond 
the group itself (Gruhl and Lauckner, 2022) and participating in 
organized activities provides structured opportunities for friendships 
to develop (Bohnert et al., 2019). For youth with disabilities, group 
activities enable connection with other people with similar life 
experiences, supporting their own identity development (Kramer 
et al., 2015). Despite the importance of play and the moral imperative 
to provide accessible play opportunities, autistic children and youth 
continue to have fewer opportunities to participate in recreational 
activities than their typically developing peers (Hilton et al., 2008; 
Khalifa et al., 2020; Shannon et al., 2021).

1.2 Autism spectrum disorder and attention 
deficit hyperactivity disorder

Autism spectrum disorder (ASD) is a neurodevelopmental 
condition characterized by differences in social communication and 
the presence of restricted, repetitive patterns of behavior, interests, or 
activities (American Psychiatric Association, 2013). 
Neurodevelopmental disorders frequently co-occur and specifiers 
indicating additional clinical characteristics [i.e., associated with 
attention deficit hyperactivity disorder (ADHD)] are often used 
within the diagnosis of ASD (American Psychiatric Association, 
2013). ADHD is characterized by impairing levels of inattention, 
disorganization, and/or hyperactivity-impulsivity at levels inconsistent 
with an individuals’ developmental level (American Psychiatric 
Association, 2013).

When compared to other children, autistic children and children 
with ADHD have poorer reported quality of life and mental health 
(Biggs and Carter, 2016; Clark et al., 2015; Jonsson et al., 2017; Public 
Health Agency of Canada, 2022). While there are many factors 
contributing to quality of life and mental health, participation in 
recreational activity has a well-established positive impact on affect 
and ability to cope with negative life events (García-Villamisar and 
Dattilo, 2010; Hutchinson et al., 2008). Additionally, participation in 
a breadth of organized activities is associated with greater social–
emotional adjustment among autistic youth (Bohnert et al., 2019).

Parents of autistic children report that their children have lower 
rates of participation in home, school, and community environments 
(Simpson et  al., 2018). Social and systemic barriers continue to 
prevent autistic children from participating in community recreational 
activities (Gregor et al., 2018). These results point to the need for 
increased recreational programming tailored to the individual needs 
and interests of autistic children (Gray, 2017; Gregor et al., 2018).

Caregivers, clinicians, and researchers have identified technology 
as a motivator for engagement among autistic individuals (Bölte et al., 
2010; Frauenberger, 2015; Ghanouni et al., 2020; Scheepmaker et al., 
2018). Robot mediated role play, virtual reality and augmented reality 
systems have been used in interventions to improve narrative skills, 
reading and social skills (Howorth et al., 2019; Ke et al., 2022; Lorenzo 
et al., 2019; So et al., 2019). However, few studies have explored the 
use of technology to facilitate play and recreation. Interactions with 
technology, be it through a video game, virtual reality console, smart 
phone app or BCI system, are highly structured and predictable, 
making them less socially demanding during play. Engagement with 
technology can therefore be a catalyst for increased human interaction 
as social pressures are eased and interactions are scaffolded through 
the rules of technology (Frauenberger, 2015). While clinicians and 
caregivers posit a danger of dependence on technology (Ghanouni 
et  al., 2020; Frauenberger, 2015) challenges the neurotypical 
community to explore technology through an autistic lens.

1.3 Non-invasive brain computer interfaces

Non-invasive BCIs constitute a novel class of access technologies 
that are operated independent of physical movement and verbal 
communication. They enable the control of an external device or 
application by recording and decoding the user’s brain signals 
(Wolpaw et  al., 2002). BCI applications for adults with physical 
disabilities include communication, motor restoration/rehabilitation, 
cognitive rehabilitation, environmental controls, powered mobility, 
and entertainment (Kinney-Lang et al., 2016; Kirton, 2023; Nicolas-
Alonso and Gomez-Gill, 2012; Rashid et al., 2020). While there is less 
research published on the use of BCIs in pediatrics, children can use 
them to perform simple tasks (Mikolajewska and Mikolajewski, 2014; 
Zhang et al., 2019) and may benefit from opportunities that BCIs 
present to adult populations. BCI research with children with physical 
disabilities includes exploration of powered mobility (Floreani et al., 
2022), augmentative communication (Orlandi et  al., 2021), and 
rehabilitation of hemiparesis (Jadavji et al., 2023). Parents of children 
with significant physical impairments view non-invasive BCIs as 
increasing play options and creating potential for collaborative play 
with peers and siblings (Siu et al., 2024). In contrast, BCI research in 
autistic populations has focused primarily on neurofeedback training 
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to deliver interventions focusing on symptom reduction through EEG 
mu rhythm control and cognitive skill development through BCI 
enabled neurofeedback gaming (Friedrich et al., 2014; LaMarca et al., 
2023; Mercado et al., 2019; Pires et al., 2022; Yang et al., 2021). BCI 
research with children with ADHD focuses on cognitive skill training 
using video games (Cervantes et al., 2023; Lim et al., 2023). Despite 
the acknowledged interest in technology within this population, there 
is no record in the academic literature of BCI-facilitated play or 
recreation in autistic children with or without ADHD.

2 Case description

2.1 Clinical brain computer interface 
program

The clinic uses Emotiv’s Epoc X 14-channel low-cost, wireless, 
saline headset to detect mental tasks2. Electrodes were approximately 
situated at the following 10–20 locations: AF3, F7, F3, FC5, T7, P7, O1, 
O2, P8, T8, FC6, F4, F8, AF4. The device samples EEG at 2048 Hz and 
subsequently down samples the data to 128 Hz. Its bandwidth is 0.16 
– 43 Hz. The system does not require gel but uses saline soaked foam 
pads to interface with the scalp. Participants perform an individualized 
motor imagery task to activate the BCI, initially receiving the 
manufacturer-provided visual feedback and subsequently task-specific 
feedback. Please refer to Taylor and Schmidt (2012) for a detailed 
discussion of the Emotiv cognitive suite. We invoke a versatile custom-
developed, clinician-oriented software application called Mindset 
(Leung and Chau, 2024) that interfaces with a variety of different EEG 
headsets, facilitates rapid deployment of many different BCI control 
paradigms and can send control commands to computer ports or other 
software applications. Additionally, a custom-built USB relay output 
box based on a DLP-IOR4 4-channel latching relay output module 
(DLP Design) connects to a computer via USB port. The Mindset 
software sends commands via the serial port to activate/deactivate any 
of the 4 onboard relays. Those relays in turn are connected to switch-
accessible devices via 1/8″ mono connectors. Collectively, Mindset and 
the relay box allow the detections made by the Emotiv software to 
control switch-accessible apps and toys (See Figure 1). BCI program 
participants initially work with the clinic’s OT to learn to use the 
motor-imagery based BCI. Clinicians ask the parent/caregiver about a 
physical movement that is meaningful to the participant. As such, the 
actual motor imagery varies among participants. For example, 
participants may imagine swimming, having a dance party, clapping, 
jumping, driving their wheelchair, etc. Participants do not interact with 
a physical object to learn imagery (as in squeezing a ball) but receive 
copious verbal cueing in the initial sessions. For a neutral state, children 
are verbally encouraged to have a calm body and mind or quiet 
thoughts; clinicians speak to the child in a “quiet voice” or sometimes 
vocalize “shhhh.” Clinician prompting is gradually faded out as the 
participant learns to independently perform the imagery and neutral 
tasks over the course of a program. Participants may continue working 
individually with the OT on BCI-skill related goals, and/or join TR BCI 
group programming and establish social and recreation-related goals. 

2 https://www.emotiv.com/products/epoc-x

BCI-specific skills include accurately timing activation to achieve a 
particular outcome, maintaining a neutral mind to avoid accidental 
activations of the switch-accessible app or toy, and introducing a 
“second thought command” to increase possible functions. The latter 
refers to a second mental activity that the child learns to reliably 
generate. For example, mental imagery of shooting a basketball can 
be used to drive a remote-control toy car forward, imagery of clapping 
for driving in reverse, and calm thoughts to stop the car.

The clinic initially focused on working with children and youth 
with severe neuromotor conditions. Following a community event in 
2022, several autistic children and youth expressed interest in using 
BCIs and their families expressed enthusiasm for the inclusion of their 
children in programming. We present here the case study of one such 
individual who participated in both TR and OT programming. His 
experience serves as an example of the potential for increased 
engagement in recreation through use of a BCI for autistic children 
and youth. With written, informed consent from his parent, 
we accessed his electronic health record to collect data relating to 
referral and demographic information, goal setting and participation 
in BCI and general TR programs.

2.2 Participant description

The case participant is a 15-year-old male diagnosed with both 
autism spectrum disorder, level II (requiring substantial support) and 
attention deficit hyperactivity disorder. English is his second language, 
and he communicates verbally using single words or two-to-three-
word sentences. His speech is not always intelligible, and he frequently 
answers questions by repeating the last word spoken. According to 
clinician observations, the participant frequently reaches out to touch 
objects within his vicinity. His parent reported that they redirect him 
by saying “hands quiet” and “hands in pocket.” The participant 
frequently stands up to wander around during conversations and 
requires one-to-one support to remain on task. He does not initiate 
engagement in activity or conversation without staff prompting. 
He attended programs at a community autism association, but those 
programs went virtual during the Covid-19 pandemic. He did not 
engage well with virtual programming.

During the intake process for services at the hospital, the 
participant’s parent identified goals of learning about options for skill 
development and encouraging him to be more independent: “The 
earlier we start will be better for him. I know he struggles with school 
and he  does not enjoy studies. The earlier we  can get him into 
something he  enjoys, the better, so that he  will be  happy.” They 
described him as very passive and easy-going, rarely initiating an 
activity or conversation. The participant’s parent also noted that 
he spends time with his family and does not have friends. They stated 
“I would like him to practice his listening skills and to respond to 
questions correctly. I would like him to make friends and be around 
new people.” When asked directly if he would like to make friends, the 
participant responded “yes.”

2.3 Participant’s engagement with BCI

After trying a BCI at a community event held at the hospital, the 
participant indicated that he would like to do more BCI activities. 
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Between January 1, 2023, and August 31, 2023, the participant 
attended a six-week TR BCI group and six individual OT BCI sessions. 
The participant’s parent reported that they were looking for an activity 
that he would enjoy and that could build up his confidence. They 
reported that they were excited about BCIs because the participant 
had a particular interest in technology. They felt that using a BCI 
would be motivating for him to engage in meaningful activity.

Table  1 provides a detailed timeline of engagement with BCI 
programming, goal areas and clinician observations. TR sessions were 
facilitated by two TR specialists and an assistant on Sunday afternoons 
with four participants in total. Each week involved a theme with 
different BCI activities. Please refer to Table 2 for a sample TR session 
plan and activity list. Following the OT sessions, the family was 
trained to use the BCI system and borrowed it for home-use. Two 
virtual BCI OT sessions were scheduled but the participant left each 
session early.

BCI sessions started with fitting of the Emotiv Epoc X headset to 
ensure 100% connectivity with the EEG sensors. The participant then 
completed 2 cycles of training to establish an active task (or thought 
command) and a rest task (or neutral mind). Each cycle included two, 
eight-second recordings of the active task two, eight-second recordings 
of the rest task. For his active task, the participant chose to imagine 
jumping and was thus verbally prompted to mentally rehearse this 
activity. For his rest task, the participant was encouraged to take deep 
breaths to calm his mind.

Prior to the start of the TR BCI group, TR staff met with the 
participant and his parent to explore his interests and establish goals 
for group participation. His parent again reported that the participant 
would like to make a friend. The participant reported that he would 

like to make a painting by himself using a BCI. TR staff used a goal 
menu and the Canadian Occupational Therapy Measure (COPM) to 
establish and rate individualized goals that relate to group activities 
(Rezze et al., 2008). The COPM is a well-researched, client-centred 
outcome measure focusing on self-perceived performance and 
satisfaction in everyday activities (Carswell et  al., 2004). With 
support from his parent, the participant re-rated his performance 
and his satisfaction after completion of the group. Table 3 summarizes 
the participant’s COPM results for the TR BCI group and two 
additional TR groups he  attended, one held prior to BCI 
programming and one following BCI programming. When 
comparing pre-and post- group ratings, the participant showed 
considerably greater improvements in performance and satisfaction 
with his BCI goal compared to goals in other groups. His performance 
rating for making a friend improved more in the BCI group while his 
satisfaction for that goal was consistent with satisfaction in 
other groups.

The participant initially benefited from verbal cueing to 
activate the BCI in TR sessions but demonstrated independent 
activation by the end of the group. In subsequent OT sessions, 
he again required verbal cueing to activate the BCI. Across both 
TR and OT sessions, the participant showed improvement in his 
ability to control the timing of his activation and to maintain a 
neutral state. These changes are reflected in both COPM scores and 
clinical observations. In his fifth onsite OT session, the participant 
used the BCI to release a numbered ball from a Bingo machine. 
He then maintained a neutral state to pick up the ball, read out the 
number and place a chip on his Bingo card. After indicating that 
he  wanted the game to move more quickly, the participant 

FIGURE 1

Setup of a typical clinical BCI therapeutic recreation session showing multiple children simultaneously racing remote control toy cars via their mental 
activity. Each child dons an Emotiv headset. A laptop running the custom Mindset software interfaces with the Emotiv headset to send commands to a 
custom USB relay box, which in turn controls the toy car remote controller. Staff depicted include two therapeutic recreation specialists and a research 
assistant.
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intentionally activated the Bingo machine to release three balls in 
succession, demonstrating increased control of the BCI and of 
game play itself.

While clinicians did not note changes in impulsivity (e.g., 
continued reaching out to touch materials) or attention (as seen by 
ongoing need for single step instruction), they did observe increases 

TABLE 1 BCI programming timeline.

2023 January February March April May June July August

Programming TR outpatient group OT outpatient sessions Home program with virtual 

sessions

Goal areas Increased control of BCI

Making friends

Skill development

Increased independence

Parent comfort with BCI use

Frequency of BCI use at 

home

Clinician 

observations

5–7 prompts to 

activate BCI

Verbally shared 

thoughts

Made eye 

contact with 

peers

Moderate staff 

support to wait 

his turn

Prompts to keep 

“hands quiet”

3–4 prompts to 

activate BCI

Invited peer to 

play

Frequent smiling

Frequent 

touching of 

equipment, easily 

redirected

Independent 

activation of BCI

Eye contact with 

peers, smiling, 

laughing, 1–2 

word utterances

Moderate staff 

support to wait 

his turn

Enjoys touching 

objects in room, 

responds well to 

redirection

External 

prompts to 

activate BCI

Looks to parent 

for reassurance

Verbally 

requests 

activities

Initiates own 

verbal prompts to 

activate BCI

Responds to 

questions 

appropriately (1–2 

word answers)

Asks to help

Asks for specific 

activities

Parent reported 

improvements in 

cognitive and 

social skills 

during BCI 

Sessions

External support 

for BCI 

activation

Controlled 

timing of 

activation for 

better outcomes

Spontaneous 

conversation 

unrelated to 

BCI, 3–4 word 

sentences

Parent set up 

BCI with 

support

Participant left during 2 

virtual visits

Parent report of home use:

 • Working on using BCI 

more frequently to build 

confidence and skills

 • By the time headset 

positioned correctly, no 

longer wants to wear it

 • Prefers using BCI 

with others

 • Attempts to 

remove headset

 • Lower tolerance for 

sensory input on head 

when at home

TABLE 2 Therapeutic recreation activities and session plan.

Component Description Duration BCI enabled activities 
available TR & OT

Arrival, welcome 

and introductions

Introductions and question of the day: What is your favorite thing to do using the BCI?

Icebreaker game: Would you rather this or that?

15 min Painting (Sphero robot ball dipped in 

paint)

Music (YouTube or bongo drums)

Video games (Alex Runs, Sumo Bootle, 

Penguin Snowball Fight)

Board games (BCI enabled dice roller or 

BINGO game)

Sensory cart

BCI-enabled switch toys, bubble machine

Game On! BCI video games: Alex Runs (activate BCI to make character jump) and Sumo Bootle 

(time activation of BCI when arrow pointing at target)

10–15 min

Time to DJ YouTube freeze dance: Activate BCI to turn on music, music plays for 15 s, reactivate to 

continue playing.

10–15 min

Wrap up Riddle or Joke (with options)

Goodbye(s)

2 min

TABLE 3 TR group COPM goals and results.

Group details COPM goal
Importance 
(baseline)

Baseline Follow-up Change

TR Life Skills Hangout

6 sessions, Thursday 

evenings, Fall 2022

To improve 

communication skills.

10 Performance: 3 Performance: 5 +2

Satisfaction: 5 Satisfaction: 7 +2

TR BCI outpatient group

6 sessions, Sunday 

afternoons, Winter 2023

I will activate the BCI 

independently

9 Performance: 1 Performance: 10 +9

Satisfaction: 5 Satisfaction: 10 +5

I will make a friend 9 Performance: 3 Performance: 9 +6

Satisfaction: 5 Satisfaction: 7 +2

TR snacks and chat

6 sessions, Tuesday 

evenings, Fall 2023

I will make a recipe 

following one step at a time 

with support.

8 Performance: 4 Performance: 6 +2

Satisfaction: 5 Satisfaction: 6 +1
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in spontaneous social communication, self-advocacy, and independent 
engagement. Throughout TR sessions, the participant made eye 
contact and smiled at peers. In the fourth TR session, he spontaneously 
asked a peer to play catch with him in a “friendly way.” Throughout 
OT sessions, he  answered questions directly, made requests for 
activities, indicated when he was finished playing and offered to help 
set-up and clean-up activities. In his final onsite OT session, the 
participant “actively engaged in conversation with the Clinical BCI 
team. [He] asked questions (i.e., ‘Can I  go now?’), advocated for 
himself (i.e., ‘I want/ do not want this’), and shared events from his life 
(i.e., ‘My uncle is coming!’)”

The home loan of BCI equipment was initiated to encourage 
recreation in a non-clinical environment. The OT recommended a 
family game night to focus on fun and socialization. The participant’s 
parent expressed wanting him to continue to use a BCI to develop 
cognitive skills and set a goal for using it three times per week. 
However, in follow-up sessions with the OT, the parent reported that 
the participant lacked motivation to use the BCI due to sensitivity to 
touch on his head and changes in routine. The participant became 
increasingly intolerant of using the BCI at home and it was returned 
after 2 months. When asked by his parent whether he would like to 
continue using a BCI, the participant indicated yes, but not at home.

The participant continues to engage in BCI programming, both as 
part of TR groups and individual OT sessions. He is now gaining 
experience with more independent participation by being dropped off 
for his sessions by his parents.

3 Discussion

Brain computer interfaces offer the opportunity to engage with the 
world without requiring speech or physical movement. As such, they 
are expected to increase play opportunities for children with severe 
physical disabilities (Siu et al., 2024). Autistic children and youth are 
not necessarily reliant on technology to participate in recreation but 
there may be unexpected benefits of technology-mediated recreational 
programming for this population.

Many people enjoy the novel cognitive challenge and futuristic 
appeal of BCIs. However, this initial interest wanes quickly for 
individuals who have other means of engaging in recreation. 
We expected that the same would be true for our participant given his 
ample physical abilities. Instead, he expressed clear interest in ongoing 
participation in BCI programming and demonstrated improvements 
in both BCI skill and pro-social behaviors. The return to needing 
support for activation during OT sessions may indicate decreased skill 
retention following the end of the TR group. However, skill 
generalization from one environment to another is a known challenge 
for autistic individuals (Brown and Bebko, 2012). The participant may 
have had difficulty initiating BCI activation outside of the structure of 
the TR program.

Increased COPM satisfaction scores suggest that improvements 
were meaningful to the participant. The perfect satisfaction score for 
BCI skill aligns with his ability to speed up game play when he wanted 
to finish a game quickly. Similarly, his increased scores for his goal to 
make a friend may be  reflective of increased ease with social 
communication observed throughout the TR group. These results 
suggest that there is value to the inclusion of BCI technology in 
recreational programming for autistic children and youth even if they 

have at their disposal, more direct means of accessing 
recreational activities.

Frauenberger’s work provides some insight into why the 
participant experienced unexpected gains. In 2015, he asked “Has our 
focus on delivering interventions obstructed our view on what could 
be  the real power of interactive technology in the lives of autistic 
people?” In co-designing technologies with autistic children, 
Makhaeva et al. (2016) developed the concept of Handlungsspielraum: 
the space for creative action and exploration created from the tension 
between structure and creative freedom. The BCI set-up and 
recreational programming were highly structured and predictable. 
More importantly, the BCI-related circumvention of the motor system 
likely suppressed the reafferent sensory signal associated with 
voluntary movement (Brincker and Torres, 2018), thereby reducing 
the uncertainty of feedback to the central nervous system (Brincker 
and Torres, 2013). Collectively, these constraints may have afforded 
the scaffolding necessary for our participant to engage in spontaneous 
conversation, advocate for his preferred activities, offer to help clean 
up, and have fun.

When the original structure of the participant’s engagement with 
a BCI shifted to the home environment, his interest in using a BCI 
decreased significantly. Several factors may account for this change. 
Virtual OT sessions were likely a poor fit given the participant’s 
response to virtual programming elsewhere. The participant may have 
had a different sensory experience with the headset at home or a 
difference in motivation to use the headset, impacting his ability to 
tolerate it. The shift in goals from a focus on BCI mastery and social 
participation during clinical sessions to frequency of use at home may 
have also impacted enjoyment of BCI activities. Finally, the lack of 
peer interactions and opportunities for group engagement may have 
made BCI use at home less enjoyable.

The reluctance to use a BCI at home suggests that the technology 
itself was not the prime motivator for engagement. However, his 
COPM scores indicate that engagement with the TR BCI outpatient 
group was more impactful than other TR-based groups attended. That 
the participant chose to continue engaging in BCI activities by signing 
up for a subsequent TR BCI outpatient group and individual OT 
sessions supports the value of this type of programming outside of the 
home. His interests in external programming are consistent with the 
research literature indicating the benefits of engagement in organized 
activities (Gruhl and Lauckner, 2022; Bohnert et al., 2019).

While we cannot conclude that the observed changes in the 
participant’s engagement were exclusively due to BCI use, the 
participant’s COPM results indicate that he benefited more from 
the BCI recreation program than from the highly structured Life 
Skills Hangout and Snacks and Chat programs. This case study 
illustrates that a BCI program can afford sorely needed 
opportunities for participation in recreation for this population. 
As such, our clinical BCI program will continue to welcome 
autistic children and youth.

The participant’s family only consented to a retrospective 
examination of the participant’s recreation and BCI-related health 
record. As such, we did not have access to the participant’s full medical 
record and cannot report on physical examination results or more 
detailed diagnostic information.

Future research could compare outcomes prospectively between 
traditional and BCI recreation programs and between BCI and other 
technology-focused offerings, such as a robotics program.
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4 Conclusion

Our case study participant exhibited higher enjoyment scores in 
BCI programming than in his previous recreational programs, and 
clinicians observed improvements in social communication and self-
advocacy. It is the nature of case reports that any conclusions may only 
apply to the case subject being reported. As clearly stated by autism 
advocate and professor of special education, Dr. Stephen Shore: “If 
you have met one person with autism, you have met one person with 
autism” (Flannery and Wisner-Carlson, 2020). So, while we cannot 
generalize our observations, we can contribute to the growing literature 
supporting the recreational use of non-invasive BCIs in pediatrics and 
encourage clinicians to offer this type of programming to autistic 
children and youth. Using a participatory research lens and including 
autistic children and youth, and their families in the planning and 
execution of future recreational BCI research will ensure relevance, 
value, and effective implementation (Fletcher-Watson et al., 2019).

Data availability statement

The original contributions presented in the study are included in 
the article/supplementary material, further inquiries can be directed 
to the corresponding authors.

Ethics statement

Ethical approval was waived by Holland Bloorview Kids 
Rehabilitation Hospital for the studies involving humans because 
the clinical case did not fall within the definition of research 
requiring REB review per the second edition of the Canadian 
Tri-Council Policy Statement: Ethical Conduct for Research 
Involving Humans (TCPS 2). The studies were conducted in 
accordance with the local legislation and institutional requirements. 
Written informed consent for participation in this study was 
provided by the participants’ legal guardians/next of kin. Written 
informed consent was obtained from the minor(s)’ legal guardian/
next of kin for the publication of any potentially identifiable images 
or data included in this article.

Author contributions

SD: Writing – review & editing, Conceptualization, Data curation, 
Formal analysis, Investigation, Methodology, Writing – original draft. 
LM: Conceptualization, Writing – original draft, Writing – review & 
editing. AJ: Conceptualization, Writing – original draft. TC: 
Resources, Supervision, Writing – review & editing.

Funding

The author(s) declare that financial support was received for the 
research, authorship, and/or publication of this article. The Clinical 
Brain Computer Interface Program is funded by the Holland Bloorview 
Kids Rehabilitation Hospital Foundation and FDC Foundation funded 
the staff and equipment of the clinical BCI program.

Acknowledgments

We thank the participant and his parent for their enthusiastic 
participation in the Clinical BCI Program and for allowing us to 
present their experiences.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated 
organizations, or those of the publisher, the editors and the 
reviewers. Any product that may be evaluated in this article, or claim 
that may be made by its manufacturer, is not guaranteed or endorsed 
by the publisher.

References
Alpi, K. M., and Evans, J. J. (2019). Distinguishing case study as a research method from 

case reports as a publication type. J. Med. Libr. Assoc. 107, 1–5. doi: 10.5195/jmla.2019.615

American Psychiatric Association (2013). Diagnostic and statistical manual of mental 
disorders, DSM-5. 5th Edn. Arlington, VA: American Psychiatric Publishing Inc.

Biggs, E. E., and Carter, E. W. (2016). Quality of life for transition-age youth with 
autism or intellectual disability. J. Autism Dev. Disord. 46, 190–204. doi: 10.1007/
s10803-015-2563-x

Bohnert, A., Lieb, R., and Arola, N. (2019). More than leisure: organized activity 
participation and socio-emotional adjustment among adolescents with autism spectrum 
disorder. J. Autism Dev. Disord. 49, 2637–2652. doi: 10.1007/s10803-016-2783-8

Bölte, S., Golan, O., Goodwin, M. S., and Zwaigenbaum, L. (2010). What can 
innovative technologies do for autism Spectrum disorders? Autism 14, 155–159. doi: 
10.1177/1362361310365028

Brincker, M., and Torres, E. B. (2013). Noise from the periphery in autism. Front. 
Integr. Neurosci. 7:34. doi: 10.3389/fnint.2013.00034

Brincker, M., and Torres, E. B. (2018). “Why study movement variability in autism?” 
in Autism: The Movement Sensing Approach. eds. E. B. Torres and C. P. Whyatt (Boca 
Raton,FL: CRC Press), 3–22.

Brown, S. M., and Bebko, J. M. (2012). Generalization, overselectivity, and 
discrimination in the autism phenotype: a review. Res. Autism Spectr. Disord. 6, 733–740. 
doi: 10.1016/j.rasd.2011.10.012

Brown, T., and Lynch, H. (2023). Children’s play–work occupation continuum: play-
based occupational therapy, play therapy and playwork. Canad. J. Occup. Therapy 90, 
249–256. doi: 10.1177/00084174221130165

Carswell, A., McColl, M. A., Baptiste, S., Law, M., Polatajko, H., and Pollock, N. (2004). The 
Canadian occupational performance measure: a research and clinical literature review. Canad. 
J. Occup. Therapy 71, 210–222. doi: 10.1177/000841740407100406

Cervantes, J.-A., López, S., Cervantes, S., Hernández, A., and Duarte, H. (2023). Social 
robots and brain–computer Interface video games for dealing with attention deficit 
hyperactivity disorder: a systematic review. Brain Sci. 13:1172. doi: 10.3390/
brainsci13081172

Clark, B. G., Magill-Evans, J. E., and Koning, C. J. (2015). Youth with autism spectrum 
disorders: self- and proxy-reported quality of life and adaptive functioning. Focus Autism 
Other Dev. Disabil. 30, 57–64. doi: 10.1177/1088357614522289

Flannery, K. A., and Wisner-Carlson, R. (2020). Autism and education. Child Adolesc. 
Psychiatr. Clin. N. Am. 29, 319–343. doi: 10.1016/j.chc.2019.12.005

https://doi.org/10.3389/fnhum.2024.1434792
https://www.frontiersin.org/journals/human-neuroscience
https://www.frontiersin.org
https://doi.org/10.5195/jmla.2019.615
https://doi.org/10.1007/s10803-015-2563-x
https://doi.org/10.1007/s10803-015-2563-x
https://doi.org/10.1007/s10803-016-2783-8
https://doi.org/10.1177/1362361310365028
https://doi.org/10.3389/fnint.2013.00034
https://doi.org/10.1016/j.rasd.2011.10.012
https://doi.org/10.1177/00084174221130165
https://doi.org/10.1177/000841740407100406
https://doi.org/10.3390/brainsci13081172
https://doi.org/10.3390/brainsci13081172
https://doi.org/10.1177/1088357614522289
https://doi.org/10.1016/j.chc.2019.12.005


Van Damme et al. 10.3389/fnhum.2024.1434792

Frontiers in Human Neuroscience 08 frontiersin.org

Fletcher-Watson, S., Adams, J., Brook, K., Charman, T., Crane, L., Cusack, J., et al. 
(2019). Making the future together: shaping autism research through meaningful 
participation. Autism 23, 943–953. doi: 10.1177/1362361318786721

Floreani, E. D., Rowley, D., Kelly, D., Kinney-Lang, E., and Kirton, A. (2022). On the 
feasibility of simple brain-computer interface systems for enabling children with severe 
physical disabilities to explore independent movement. Front. Hum. Neurosci. 
16:1007199. doi: 10.3389/fnhum.2022.1007199

Frauenberger, C. (2015). Rethinking autism and technology. Interactions 22, 57–59. 
doi: 10.1145/2728604

Friedrich, E. V. C., Suttie, N., Sivanathan, A., Lim, T., Louchart, S., and Pineda, J. A. 
(2014). Brain-computer interface game applications for combined neurofeedback and 
biofeedback treatment for children on the autism spectrum. Front. Neuroeng. 7:21. doi: 
10.3389/fneng.2014.00021

García-Villamisar, D. A., and Dattilo, J. (2010). Effects of a leisure programme on 
quality of life and stress of individuals with ASD. J. Intellect. Disabil. Res. 54, 611–619. 
doi: 10.1111/j.1365-2788.2010.01289.x

Ghanouni, P., Jarus, T., Zwicker, J. G., and Lucyshyn, J. (2020). The use of technologies 
among individuals with autism spectrum disorders: barriers and challenges. J. Spec. 
Educ. Technol. 35, 286–294. doi: 10.1177/0162643419888765

Gray, C. (2017). A phenomenological study of service planning among recreational 
therapists serving individuals with autism spectrum disorder (ASD). Ann. Therap. 
Recreat. 24, 123–124.

Gregor, S., Bruni, N., Grkinic, P., Schwartz, L., McDonald, A., Thille, P., et al. (2018). Parents’ 
perspectives of physical activity participation among Canadian adolescents with autism 
Spectrum disorder. Res. Autism Spectr. Disord. 48, 53–62. doi: 10.1016/j.rasd.2018.01.007

Gruhl, R., and Lauckner, H. (2022). “Promoting occupational participation in groups” 
in Promoting occupational participation: Collaborative relationship-focused occupational 
therapy. eds. M. Egan and G. Restall, (Canadian Association of Occupational Therapists 
(CAOT)) 171–197.

Hilton, C. L., Crouch, M. C., and Israel, H. (2008). Out-of-school participation 
patterns in children with high-functioning autism spectrum disorders. Am. J. Occup. 
Ther. 62, 554–563. doi: 10.5014/ajot.62.5.554

Howorth, S. K., Rooks-Ellis, D., Flanagan, S., and Ok, M. W. (2019). Augmented 
reality supporting Reading skills of students with autism Spectrum disorder. Interv. Sch. 
Clin. 55, 71–77. doi: 10.1177/1053451219837635

Hutchinson, S. L., Bland, A. D., and Kleiber, D. A. (2008). Leisure and stress coping: 
implications for therapeutic recreation practice. Ther. Recreat. J. 42, 9–23.

Jadavji, Z., Kirton, A., Metzler, M. J., and Zewdie, E. (2023). BCI-activated electrical 
stimulation in children with perinatal stroke and hemiparesis: a pilot study. Front. Hum. 
Neurosci. 17:1006242. doi: 10.3389/fnhum.2023.1006242

Jonsson, U., Alaie, I., Löfgren Wilteus, A., Zander, E., Marschik, P. B., Coghill, D., et al. 
(2017). Annual research review: quality of life and childhood mental and behavioural 
disorders – a critical review of the research. J. Child Psychol. Psychiatry 58, 439–469. doi: 
10.1111/jcpp.12645

Ke, F., Moon, J., and Sokolikj, Z. (2022). Virtual reality–based social skills training for 
children with autism Spectrum disorder. J. Spec. Educ. Technol. 37, 49–62. doi: 
10.1177/0162643420945603

Keating, C. T., Hickman, L., Leung, J., Monk, R., Montgomery, A., Heath, H., et al. 
(2023). Autism-related language preferences of English-speaking individuals across the 
globe: a mixed methods investigation. Autism Res. 16, 406–428. doi: 10.1002/aur.2864

Khalifa, G., Rosenbaum, P., Georgiades, K., Duku, E., and Di Rezze, B. (2020). 
Exploring the participation patterns and impact of environment in preschool children 
with ASD. Int. J. Environ. Res. Public Health 17:5677. doi: 10.3390/ijerph17165677

Kinney-Lang, E., Auyeung, B., and Escudero, J. (2016). Expanding the (kaleido)scope: 
exploring current literature trends for translating electroencephalography (EEG) based 
brain-computer interfaces for motor rehabilitation in children. J. Neural Eng. 13:061002. 
doi: 10.1088/1741-2560/13/6/061002

Kirton, A. (2023). A moral imperative to advance brain-computer interfaces for 
children with neurological disability. JAMA Pediatr. 177, 751–752. doi: 10.1001/
jamapediatrics.2023.1744

Kramer, J., Liljenquist, K., Brock, M. E., Rosetti, Z., Howard, B., Demir, M., et al. 
(2015). “Social participation for youth ages 12 to 21” in Occupational therapy for 
children and adolescents. eds. J. Case-Smith and J. C. O’Brien. 7th ed (Amsterdam: 
Elsevier), 346–374.

LaMarca, K., Gevirtz, R., Lincoln, A. J., and Pineda, J. A. (2023). Brain–computer 
interface training of mu EEG rhythms in intellectually impaired children with autism: 
a feasibility case series. Appl. Psychophysiol. Biofeedback 48, 229–245. doi: 10.1007/
s10484-022-09576-w

Leung, J., and Chau, T. (2024). Mindset – a general purpose brain-computer Interface 
system for end-users. IEEE Access. 12, 112249–112260. doi: 10.1109/ACCESS.2024.3441382

Lim, C. G., Soh, C. P., Lim, S. S. Y., Fung, D. S. S., Guan, C., and Lee, T.-S. (2023). 
Home-based brain-computer interface attention training program for attention deficit 
hyperactivity disorder: a feasibility trial. Child Adolesc. Psychiatry Ment. Health 17:15. 
doi: 10.1186/s13034-022-00539-x

Lorenzo, G., Gómez-Puerta, M., Arráez-Vera, G., and Lorenzo-Lledó, A. (2019). 
Preliminary study of augmented reality as an instrument for improvement of social skills 
in children with autism spectrum disorder. Educ. Inf. Technol. 24, 1–24. doi: 10.1007/
s10639-018-9768-5

Makhaeva, J., Frauenberger, C., and Spiel, K. (2016). Creating creative spaces for co-
designing with autistic children: the concept of a “Handlungsspielraum”. Proceedings of 
the 14th Participatory Design Conference, 51–60.

McQuaid, L., Thomson, K., and Bannigan, K. (2023). Case study research: building 
the occupational therapy evidence base one case at a time. Scand. J. Occup. Ther. 30, 
435–443. doi: 10.1080/11038128.2022.2039758

Mercado, J., Espinosa-Curiel, I., Escobedo, L., and Tentori, M. (2019). Developing and 
evaluating a BCI video game for neurofeedback training: the case of autism. Multimed. 
Tools Appl. 78, 13675–13712. doi: 10.1007/s11042-018-6916-2

Mikolajewska, E., and Mikolajewski, D. (2014). The prospects of brain-computer 
interface applications in children. Cent. Eur. J. Med. 9, 74–79. doi: 10.2478/
s11536-013-0249-3

Nicolas-Alonso, L. F., and Gomez-Gill, J. (2012). Brain computer interfaces, a review. 
Sensors 12, 1211–1279. doi: 10.3390/s120201211

Orlandi, S., House, S. C., Karlsson, P., Saab, R., and Chau, T. (2021). Brain-computer 
interfaces for children with complex communication needs and limited mobility: a 
systematic review. Front. Hum. Neurosci. 15:643294. doi: 10.3389/fnhum.2021.643294

Pires, G., Cruz, A., Jesus, D., Yasemin, M., Nunes, U. J., Sousa, T., et al. (2022). A new 
error-monitoring brain–computer interface based on reinforcement learning for people 
with autism spectrum disorders. J. Neural Eng. 19:798. doi: 10.1088/1741-2552/aca798

Public Health Agency of Canada (2022). Autism Spectrum disorder: highlights from the 
2019 Canadian health survey on children and youth. Available at: https://www.canada.ca/en/
public-health/services/publications/diseases-conditions/autism-spectrum-disorder-canadian-
health-survey-children-youth-2019.html (Accessed May 01, 2024).

Rashid, M., Sulaiman, N. P. P., Abdul Majeed, A., Musa, R. M. A., Nasir, A. F., 
Bari, B. S., et al. (2020). Current status, challenges, and possible solutions of EEG-based 
brain-computer interface: a comprehensive review. Front. Neurorobot. 14:25. doi: 
10.3389/fnbot.2020.00025

Rezze, B. D., Wright, V., Curran, C. J., Campbell, K. A., and Macarthur, C. (2008). 
Individualized outcome measures for evaluating life skill groups for children with 
disabilities. Can. J. Occup. Ther. 75, 282–287. doi: 10.1177/000841740807500510

Rosenberg, L., Bart, O., Ratzon, N. Z., and Jarus, T. (2013). Personal and environmental 
factors predict participation of children with and without mild developmental 
disabilities. J. Child Fam. Stud. 22, 658–671. doi: 10.1007/s10826-012-9619-8

Scheepmaker, L., Frauenberger, C., and Spiel, K. (2018). The things we play with roles 
of Technology in Social Play. Proceedings of the 2018 Annual Symposium on Computer-
Human Interaction in Play, 451–462.

Shannon, C. A., Olsen, L. L., Hole, R., and Rush, K. L. (2021). "There's nothing here": 
perspectives from rural parents promoting safe active recreation for children living with 
autism spectrum disorders. Res. Dev. Disabil. 115:103998. doi: 10.1016/j.
ridd.2021.103998

Simpson, K., Keen, D., Adams, D., Alston-Knox, C., and Roberts, J. (2018). 
Participation of children on the autism spectrum in home, school, and community. 
Child: Care, Health Dev. 44, 99–107. doi: 10.1111/cch.12483

Siu, C., Aoude, M., Andersen, J., and Adams, K. D. (2024). The lived experiences of 
play and the perspectives of disabled children and their parents surrounding brain-
computer interfaces. Disabil. Rehabil. Assist. Technol. 1:10. doi: 10.1080/17483107.2024. 
2333884

So, W. C., Cheng, C. H., Lam, W. Y., Wong, T., Law, W.-W., Huang, Y., et al. (2019). 
Robot-based play-drama intervention may improve the narrative abilities of Chinese-
speaking preschoolers with autism spectrum disorder. Res. Dev. Disabil. 95:103515. doi: 
10.1016/j.ridd.2019.103515

Suto, M. (1998). Leisure in occupational therapy. Can. J. Occup. Ther. 65, 271–278. doi: 
10.1177/000841749806500504

Tanta, K. J., and Knox, S. H. (2015). “Play” in Occupational therapy for children and 
adolescents. eds. J. Case-Smith and J. C. O’Brien. 7th ed (Amsterdam: Elsevier), 483–498.

Taylor, G. S., and Schmidt, C. (2012). Empirical evaluation of the Emotiv EPOC BCI 
headset for the detection of mental actions. Proc. Human Fact. Ergon. Soc. Ann. Meet. 
56, 193–197. doi: 10.1177/1071181312561017

United Nations Convention on the Rights of the Child, (1989) United Nations 
Convention on the Rights of the Child. Available at: https://www.ohchr.org/en/
instruments-mechanisms/instruments/convention-rights-child

Wolpaw, J. R., Birbaumer, N., McFarland, D. J., Pfurtscheller, G., and Vaughan, T. M. 
(2002). Brain-computer interfaces for communication and control. Clin. Neurophysiol. 
113, 767–791. doi: 10.1016/S1388-2457(02)00057-3

Yang, Z., An, P., Yang, J., Strojny, S., Zhang, Z., Sun, D., et al. (2021). Designing Mobile 
EEG Neurofeedback games for children with autism: implications from industry 
practice. doi: 10.48550/arxiv.2107.10910

Zhang, J., Jadavji, Z., Zewdie, E., and Kirton, A. (2019). Evaluating if children can use simple 
brain computer interfaces. Front. Hum. Neurosci. 13:24. doi: 10.3389/fnhum.2019.00024

https://doi.org/10.3389/fnhum.2024.1434792
https://www.frontiersin.org/journals/human-neuroscience
https://www.frontiersin.org
https://doi.org/10.1177/1362361318786721
https://doi.org/10.3389/fnhum.2022.1007199
https://doi.org/10.1145/2728604
https://doi.org/10.3389/fneng.2014.00021
https://doi.org/10.1111/j.1365-2788.2010.01289.x
https://doi.org/10.1177/0162643419888765
https://doi.org/10.1016/j.rasd.2018.01.007
https://doi.org/10.5014/ajot.62.5.554
https://doi.org/10.1177/1053451219837635
https://doi.org/10.3389/fnhum.2023.1006242
https://doi.org/10.1111/jcpp.12645
https://doi.org/10.1177/0162643420945603
https://doi.org/10.1002/aur.2864
https://doi.org/10.3390/ijerph17165677
https://doi.org/10.1088/1741-2560/13/6/061002
https://doi.org/10.1001/jamapediatrics.2023.1744
https://doi.org/10.1001/jamapediatrics.2023.1744
https://doi.org/10.1007/s10484-022-09576-w
https://doi.org/10.1007/s10484-022-09576-w
https://doi.org/10.1109/ACCESS.2024.3441382
https://doi.org/10.1186/s13034-022-00539-x
https://doi.org/10.1007/s10639-018-9768-5
https://doi.org/10.1007/s10639-018-9768-5
https://doi.org/10.1080/11038128.2022.2039758
https://doi.org/10.1007/s11042-018-6916-2
https://doi.org/10.2478/s11536-013-0249-3
https://doi.org/10.2478/s11536-013-0249-3
https://doi.org/10.3390/s120201211
https://doi.org/10.3389/fnhum.2021.643294
https://doi.org/10.1088/1741-2552/aca798
https://www.canada.ca/en/public-health/services/publications/diseases-conditions/autism-spectrum-disorder-canadian-health-survey-children-youth-2019.html
https://www.canada.ca/en/public-health/services/publications/diseases-conditions/autism-spectrum-disorder-canadian-health-survey-children-youth-2019.html
https://www.canada.ca/en/public-health/services/publications/diseases-conditions/autism-spectrum-disorder-canadian-health-survey-children-youth-2019.html
https://doi.org/10.3389/fnbot.2020.00025
https://doi.org/10.1177/000841740807500510
https://doi.org/10.1007/s10826-012-9619-8
https://doi.org/10.1016/j.ridd.2021.103998
https://doi.org/10.1016/j.ridd.2021.103998
https://doi.org/10.1111/cch.12483
https://doi.org/10.1080/17483107.2024.2333884
https://doi.org/10.1080/17483107.2024.2333884
https://doi.org/10.1016/j.ridd.2019.103515
https://doi.org/10.1177/000841749806500504
https://doi.org/10.1177/1071181312561017
https://www.ohchr.org/en/instruments-mechanisms/instruments/convention-rights-child
https://www.ohchr.org/en/instruments-mechanisms/instruments/convention-rights-child
https://doi.org/10.1016/S1388-2457(02)00057-3
https://doi.org/10.48550/arxiv.2107.10910
https://doi.org/10.3389/fnhum.2019.00024

	Case report: Novel use of clinical brain-computer interfaces in recreation programming for an autistic adolescent with co-occurring attention deficit hyperactivity disorder
	1 Introduction
	1.1 Play
	1.2 Autism spectrum disorder and attention deficit hyperactivity disorder
	1.3 Non-invasive brain computer interfaces

	2 Case description
	2.1 Clinical brain computer interface program
	2.2 Participant description
	2.3 Participant’s engagement with BCI

	3 Discussion
	4 Conclusion

	References

