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LEARNING OBJECTIVES

1. Understand potential screening tools for gathering 
information to best inform AAC-BCI system configuration to 
support communication and computer control for people with 
SSPI.

2. Understand ways to elicit user preference related to AAC-
BCI  technology design and use.

3. Learn methods to incorporate end user input and feedback 
into an integrative design process for AAC-BCI systems.



CAMBI: Consortium for Accessible Multimodal 
Brain-Body Interfaces 



Introduction to non-implantable BCI 
systems



Brain-Computer Interface (BCI)

• Technology whereby a computer detects a ‘selection’ made 
by a person who does not rely on neuromuscular activity.

• The technology uses the person’s changes in brain waves as 
the intended action. This is our newest means to access an 
SGD or computer. 

• Technology substitutes for the loss of typical neuromuscular 
outputs so that people can interact with their environments 
through brain signals rather than through muscle movement.





Who would use a BCI for communication?

BCI is currently used in research studies with participants 
who present with incomplete or complete locked-in 

syndrome (LIS)

NOTE: BCI systems work best on individuals with minimal 
to no voluntary movement. It is very difficult to acquire 

brain signals from participants with extraneous or 
involuntary movement, for those with attention 

challenges, or those who cannot tolerate wearing a BCI 
cap.

We are working on better hardware and software to 
include more end-users.



Participants with common LIS diagnoses

• Advanced ALS
• Brainstem CVA
• High level spinal 
cord injury
• Traumatic brain 
injury



GOAL: Expand LIS by function instead of diagnosis: 
severe speech and physical impairment (SSPI)

• Cerebral palsy
• Rett Syndrome
• Muscular dystrophies
• Multiple sclerosis
• Parkinson’s disease 
• Ataxia



• Children and adults who will not be spelling full 
sentences, but know first letters;

• Children and adults with IDD who want to meet the 
communication goal of participating in family life with 
pre-determined messages;

• Children and adults who rely on icons and pictures for 
communication.

GOAL: Include new populations as potential 
BCI users



Current BCI Research



Current human BCI research for communication & control

Implantable Non-implantable or 
wearable



Most non-implantable BCI requires an 
EEG cap 

Wet electrode cap Dry electrode cap

Emotiv BCI headcap



Common brain signals acquired in BCIs for communication 
and computer control

• P300- the surprise evoked potential that can be acquired through 
multiple stimulus presentations

• SMR- sensory motor rhythm to detect movement (think right; think 
left)

• SSVEP- steady state visual evoked potentials- an averaged wave 
that occur in response to flashing stimulus presentations



RSVP Keyboard: CAMBI communication BCI

Our goal: Provide a means for individuals to 
communicate independent of neuromuscular output 
through EEG activity (P300 EPs) that is fused with 
language models.



Expand BCI for AAC uses

1.BCI as a switch (input)

2.BCI as a communication device 

3.BCI as an assessment tool

4.BCI for AAC treatment

5.BCI for research 



• Yes/no communication (binary choice) with binary 
switch using motor imagery (SMR)

• BCI as a plug and play device. P300 BCI as a switch 
to a marketed speech generating device

BCI as a switch



BCI as a switch to select 
letters for the DynaWrite
speech generating device

Or with the TobiiDynavox
Communicator 5 software



BCI as a communication device

Matrix speller: Wadsworth 
BCI2000

RSVP Keyboard



BCI as an assessment tool
• BCI to determine cognitive status of patients with 

disorders of consciousness in the ICU 
• Adapt standardized tests to measure cognitive or 

receptive language skills for people who cannot 
produce motor responses

• Use flashing stimuli for P300 or SSVEP signals, or 
binary choice motor imagery.

o pALS
o Rett syndrome 
o Severe spastic CP



BCI as an intervention tool

• Play: @BCI4kids at University of Calgary 
video game playing and painting

• Conversation and reciprocal
Communication: pre-stored messages for 
interaction
• Literacy: Learning to read and write-

repetitive line reading



BCI as a research tool

• How does receptive and expressive language 
change with the use of BCI?

• Does brain development change with the 
introduction of BCI?

• How does interaction with a person with LIS change 
with the use of BCI?

• How can we improve neuroengineering 
developments for individuals with additional 
movement or attention challenges?



Clinical screening tools for user 
preferences, motor, visual, language, and 
cognitive function



Purpose of screening

• To assess adults

• To describe users and their abilities in a standardized way

• To inform modifications for technology design

• NOT to be exclusionary



The development of our screening

Pitt, K. M., & Brumberg, J. S. (2018). Guidelines for feature matching assessment of brain–computer 

interfaces for augmentative and alternative communication. American Journal of Speech-Language 

Pathology, 27(3), 950-964.



The development of our screening

Scherer, M. J., & Craddock, G. (2002). Matching person & technology (MPT) 
assessment process. Technology and Disability, 14(3), 125-131.



Environmental factors
Software and hardware
Level of electrical “noise”
Space limitations
Limitations of positioning the user
Level of distractibility for user
Level of sophistication of caregiver
Glasses or hearing aids

Personal factors
Demographics
Attitudes and beliefs
Behavior
Personality
Background and experiences
Motivations and priorities

Health condition
(locked-in syndrome, ALS, SCI, etc.)

Body function & structure
Vision
Motor
Cognition
Pain and fatigue

Activities
Looking at target
Attending to target
Perform mental tasks 

Participation
Communicate basic needs
Interpersonal relationships
Use social media ,email....
Vocational, educational or 
leisure pursuits

Typing

The development of our screening



Clinical screening tool



Part  1 : Telephone Pre-screening

Questions for caregiver prior to initial visit:

• User's communication method

• Optimal time of day for participation

• Types of medications

• Medical history/status related to sensory and physical and cognitive 
functioning



Part  2:  Hearing, Auditory Comprehension
B eg i nn i ng  o f  i n  p ers on  s c reen i ng  p roc es s

Completed prior to consent process

Auditory Verbal Comprehension subtest of WAB

Complex Ideational Material section of the BDAE



Part  2:  Informed Consent
Comprehension questions asked related to the consent form:

Vansteensel, M. J., Branco, M. P., Leinders, S., Freudenburg, Z. F., Schippers, A., Geukes, S. H., ... & Ramsey, N. F. 
(2022). Methodological Recommendations for Studies on the Daily Life Implementation of Implantable 
Communication-Brain–Computer Interfaces for Individuals With Locked-in Syndrome. Neurorehabilitation and 
Neural Repair, 36(10-11), 666-677.



Part  3 :  Trial  of electrode cap

DSI 24 dry electrode cap

Flexible DSI dry electrode cap



Part  4:  Visual skil ls screening procedures

Visual acuity

Broken Wheel Acuity test

Distance acuity cards

Near acuity cards



Part  4 : Visual skil ls

Visual fixation
Visual Fixation screening

Observing for:

Nystagmus Ptosis Light sensitivity/photophobia



Part  4:  Visual Skil ls

Ocular Motility
NSCUO Ocular Motility test

• Pursuits: accurately following moving targets

• Saccades: accurately shift gaze between targets



Part  4: Visual Skil ls

Visual field test: Rapid confrontation screening .



Part  3: Visual Skil ls

• Binocular skills

Medical history; participant report and observation



Part  4:  Visual skil ls

Color discrimination
Medical history; observation



Part  4:  Visual skil ls

Visual Perception

Visual Memory

Figure Ground

Form Constancy

Modified templates from Motor-Free Visual Perceptual test 



Visual Screening Resources

Fried-Oken, M., Kinsella, M., Peters, B., Eddy, B., & Wojciechowski, B. (2020). Human 

visual skills for brain-computer interface use: a tutorial. Disability and Rehabilitation: 

Assistive Technology, 15(7), 799-809.



Part  5:  Cognitive Skil ls Screening Procedures

Attention and Working Memory

Modified Trails A test

Modified Trails B test



Part  5:  Cognitive Skil ls Screening Procedures

Executive Function

Error Awareness

Red=error



Cognitive Screening Resources

Fried-Oken, M., Mooney, A., Peters, B., & Oken, B. (2015). A clinical screening protocol for the RSVP keyboard brain–computer interface. Disability and Rehabilitation: Assistive Technology, 10 (1), 11-18.



Part  6:  Motor demands to consider with BCI use

Involuntary movement will impact the quality of signal 
acquisition:

• Tremors
• Increased spasticity
• Athetosis
• Coughing/swallowing
• Eye blinks



Part  7:  Environmental factors

• Level and sophistication of caregiver support

• Amount of electrical "noise"

• Challenges involved with positioning of user

• Challenges involved with available space in room

• Glasses and hearing aids



Part  8:  Personal factors

• Age, level of education

• Comfort with technology use

• Socio-economic factors

• Personal thoughts or preferences of interface design or
access methods

• Level of motivation and frustration tolerance



Part  9 :  EEG signal quality



How to use this information to inform an 
optimal AAC-BCI configuration



Significant findings for PJ
User Skill User performance Implications for BCI-AAC 

configuration

Visual skills Nystagmus, light-sensitivity and  
poor perceptual skills

Use simple to recognize targets; 
increase contrast target size
avoid flashing bright lights

Cognitive skills Poor performance Trails A Possible problems with visual 
search

EEG signal 
quality Poor quality SMR signal Use P300 signal acquisition

User 
preferences

Limited technology use in past 
with low comfort level

Simplify instructions, allow for 
repeated practice and errorless 

learning



RSVP interface with P300

Matrix interface with P300

Design configurations to consider for Brandon



Significant findings for Alice

User Skill User performance Implications for BCI-AAC 
configuration

Visual skills Reduced acuity Increase contrast and target 
size

Cognitive skills Poor performance error 
awareness

Use auditory or visual cues for 
errors 

EEG signal 
quality

Poor quality of P300 signal Use display interface with VEP 
or SMR signal access



Design configurations to consider for Alice

Peters, B., et al (2018). Effects of simulated visual acuity and ocular motility impairments on SSVEP brain-computer interface performance: an experiment with Shuffle 

Speller. Brain-Computer Interfaces, 5(2-3), 58-72.

Shuffle interface with SSVEP

Flashing lights 



Including people who use AAC in BCI 
design and evaluation



User-centered design

• Goals
• Focus on user needs and preferences
• Involve users at all stages of design
• Iterative process



User-centered design: Switch input

• Goal: identify a useful and desirable function for 
switch input in RSVP Keyboard

• Consultants: 4 people who use AAC and have 
participated in AAC-BCI research

• Procedure: Interviews & co-design sessions via 
videoconference & screen sharing



User-centered design: Switch input

• Feedback on switch functions proposed by 
research team

• Would you use it?
• Would it be helpful for someone else?
• How would you want it to work?
• Do you have other ideas?

• Rank your top 3 choices



User-centered design: Switch input

• Co-design of user interface for a desired function 

Stored phrases Inquiry preview



User experience (UX) feedback

• Goal: elicit feedback on workload, comfort, 
satisfaction, etc.

• Part of iterative user-centered design

• Challenge: traditional questionnaires can be 
difficult, time-consuming, or inaccessible for people 
with severe speech and physical impairments



Soliciting UX feedback from people with SSPI

• Keep it focused
• Partner-assisted scanning and yes/no questions
• Questions in both visual and auditory format
• Extra time for narrative feedback



Soliciting UX feedback from people with SSPI



CONCLUSION

• BCI systems show promise for:
• Communication
• Assessment
• Intervention
• Research

• But we’re not there yet!



CONCLUSION

• BCI systems must be designed & configured to 
meet the needs & preferences of users

• Clinical screening
• Personal factors, preferences
• Environmental factors
• Input & feedback on system design

• BCI users must play a central role in technology 
development!



Questions?



SAVE THE DATE! NEXT WEBINAR:

June 14, 2023 

7:00 P.M. EST

Core vs Fringe: 

Aligning Vocabulary Prediction and Selection in AAC with Language 

Development 

Presented by:  Bethany J. Frick Semmler
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