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��	� ��'�	� ��������� �	���� ��� �����������$��1����	�� ��� �	�	��� �!�'����� ��!�'�����	$�����������1��	� ��� ��

�	���$�������	���1����� ������	�������������������	�������!�'���1�������������!�'��	$�������	4�	��	$����

��	$���	$��	�����	�
�05�

�� ����������������	$���	$��!�'����1�������������!�1����� �$����$	��	��	�������������

�	�����	����	�������$���	��!�'���������	$���������	$�����	��	�����	���	= ��������	�����������������	���������

��	��!�'���1�������������!������1	�	����	�	�1��������$	:����'	�1		����		$���$���� ���!�1�����������������

���	���#	�!������#	�	����������!�'����	�	������1��������	$���	$�����!�
�05�

���

��		��������	����	��	�����������������	��

��		��� �	���������� ����1��	� ��� $����� ��� ��� � ������	� ����  �	��� 1���� �	�	'���� ����!� 1��� ���	� $!���������

��		������1���� $�	��������	$���	� �	���� ��	����	������	�'��������$�����$�����	���������������������� �	��

���	��'�	����	���
�07�0?�

�������'������������		$'��#����������������� ���� $����!��	�	�������	��'�	���	� �	�����

�	�����	� ��	����	����$���� ����		$'��#��� ����	$�'!���'������������� ��	��� ���	�������������!��	��� �	������

�	$ �	������'����!����$!��������� ��	����	����$�	��'�	�����	��	$��	����������'!���		����	��������������1��	�

' �� ����� ����������	= ��	�������������� ���	���$�$	$��������� �H	�� �	��	����������������	= ��	�������������� ��	�

����1��	� '!� �	�	������ �������� ����$� ��� �	�$����	�	��������!� ���	��  ����� ��	� ����1��	� ���� ���	���	�� ��	�

������
�0,� 80�

�� ��	� *�<;H(� ����1��	� ��� �� ��� ����� ����� ����1�� ���� �� ����	�!� ��� $���	�	��� ��� �� �!�	�� ��$�

���	����	�����1	����������1������������	�	����������	�������	� �	�B���'����!���� �	������� �	��������	�
�85�

��

(�	��� $!�	��� ��	$�����	��	����� ������������������		����������������$�� ��	��	$��������	�����1��	����	��!����

�$���
�85�

������������� $!����	������	$�'��������� �	�����	��������1��������������	�������H���������' ���� �$�

� ��	��� �� �	����������	�������!��	�!�$	�	�$	��������	� �	�
�8.�

��

�

�'��;�����	�	�����������	������	������������������	��	�������������#	!'���$��!��������� ��������	�	��+��

�	�	�� ���	���  �	$� $���� ��	��� ��!� ����	��	$� ����� ��$���$ ���� 1���� �	�	'���� ����!� ��� $	�	���� ��$� �	���

��	��	������ ����	������	��������� ��� ����������� ����� �� �$� ������	� ��� ���!� ��� ���� �	�� :� �	���������� ���

#	!'���$���� ���������#�������� ��������	�	������'�	��-�� ���	�	����!�������������� '����	$������	������

�	�����	� ��� ����� ��� ������1��� $	���	$� ��� ������	$� �	���������� '!� ��	� ���� �	�� ����1��	� ��� 	���	�� ��� ���
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�-5�80�

��� '�	= 	����	�����������	�������	$�����	������	���������

����	1�����:����	�����������������1�����	1��������������1��������	����	$���

)�������	���$���$ ����1�������������	�����#	!'���$��1����	������'	� �	$���������	���$	������������	������

�����'����!������������	������$������$�$���	����1����	$�'!������$���$ ���1�����	�	'��������!��	$�I �������	�

/,,.�� ��� ���	������	� ������	�	���� ��� ��	� ���������� ����� 1� �$� ����1� ��	�	� �������� ��� '	� ����	���!�

�$	�����	$
�8,� 5.�

�� I �� ���� ������ 	$� ����� �	�	����� 1���� �� ����	�!� ��� �����'�������� ��� ������	� ��	� �������

$	�	��������� ���!
�-7� -?� 6.� 86� 88�

������ ��	���1�$����1	�	�����	��	$�'!���#������$���$ ���� ������ �����	����	�

 ���������	���$	�1����������	������	��	$���$�����	�	$�' ����	�������	$�������������������'		���	��	$�	���	��

����	������	����1�������	����������������

��	� ������ �1�� �� $�	�� ��� ����� ��� �� �$$�	��	$� ���� �	�� �	���������� ��� � ����� ���	�	��� ��$� �� ���� ���

$	��	��	� ��	� ���	� ��� ����#� ��� �� ����	�� ��$� ������	� ����	�� ��	$������� '!� �	���	�	��� ��� ���� �	�� ����1��	�

����������� ���� ����	� ��$���$ ���� 1���� ���	���$� ���	�	��� ��� ��	�  ��	�� 	4��	���!� 1��� ���	� $����� ��!�

������������ ��	����$�1���	� ����� ����#���������� ����������	�������� ����!�	�� ���1	$� ����� �$$����������$	��

��$�����	���1��������	����� �	������1��	��� �$���	��	������!�������	�������	�	������1�	�� ��������� �	����

��	���� ��' �������1��������	��	$�����	������	�1����������������
�-5�

����


;��"��;(*�

��	� ����� ��� ����� �!��	������ �	��	1� 1��� ��� �$	����!� �	�	����� $	����'���� ��	� $	�	����	��� ��$� �	������ ���

��������	� $	���	�� ��� 	��'�	� �	��:$��	��	$� ���� �	�� ���	��� '!� ��$���$ ���� 1���� �	�	'���� ����!�� ;�� ������ 6.�

�� $�	��1	�	� �� �$� ����� ���	������	$� ���	���� ��� ���� �	�� ���	���'����!� ��� ��$���$ ����1���� �	�	'���� ����!��

����� �����$���$ ����1�����	�	'��������!���#	� �����	�!��	�	���	�	� ����� �� ��	���D����!���� ��	��� $�	��

�$	�����	$����������	��	1�$�$�����$	����'	���	��������	�������������	���� ��������� $�	$������!�$	��������$��� ���

��	��		$��>������������	���$���$ ����� $!��������������� �*��	������	�	����	����	�����$�	4�	���	�����$	�����

����	$ �	�� ��� $	�	����	$� '!�����
�� �	�	��� ��� 	��$	��	
�//�

� ��$� ���!� ��	� �����1	$� ;�(� � �$	���	�� ����

�	���������:#	!'���$����	���$	���	�����

����������	��� $�	������������'�	��/���	����	$������!���������	��������	����� �	����	��$	���	������	��������	��

�������#	����	���	���������	 ��	���	�� ����������	����		���������	������������ ��������$���	$��� �	�D�!����#�

��� ��		��� ��$� �	�� �	� �	���������� ����1��	����	�	�1��� ���	� 	��$	��	� '��	$� ��� �	� ���� ��� -.� ����$�	�� �-�

�� $�	���1���� �	�	'���� ����!� ��� � ��	��� ����� �� D�!����#����	� ��	��������!� �� ��������� D�!����#���!������$	�

'	��	���������������������$��$��� �	��������#'����
�6?�6,�

�����1	�	�������	����	� �	����������$��$��� �	�1����

���	�����	$�� �������%	������	����		��1����� �$����'	����	�	��	����	��������	� �	������ �� ������		��	�	��

��� ��� ��	� ������������ ��$�  �	$� �� �� ��� ���		�� ���� �	�	���� !	����
�68�

�� ����� � ��	���� ����� ��	�  �	� ���

���	���'����!�(����������	�$!���	�	���1��������	�9��$�1��	�������	������ �$�'	������$	�	$�'	���	����#����

���$���	�	�����������	��	��������	�����	�����	�����������'����!��9���	���		����	�����������	�� �	��	����������

��$� '����� ���� �	�� ���	�������� 1	�	� �	����	$� '!� ���	� � ������ ��� ���	������	� 1�!�� ��� 	��'�	� ��!������

���� �	�����	��� ��	���� ������ ���	��	= ��	$������������$���$ ���� ��� �	���	�	��!��	����	= ��	��������������

�������������$���������'!�'������	���$���$ �����$���	���	��������
�0?:8.�

��"��	�����	�	���$�����	������'	����	$�

���	��'�	����	�	����!��	������	�����	����	!���	� ���#	�!�������	�������������	����������	���

)����������	��	1�����������	�������'�	��	�������!����������������	���!�����	����$	�	����	������	�	����	�����

'		����!������	�	����	�����	�����	����	��	�������� $�	�������������	��	��������	����$�������	�	����	�����	�

 ������������	����	��� $!�$	������H��	����	���$���$ ����	$���$���������������������������	= ��	$����	���� 	�

����������	����	��� $�	����!�'	���	����!��	���$��������!�	�� ��	������� ��$���$ ����1�����	�	'��������!�
�00�

��

��1	�	�� ���	�����$	�������	��$	����������	��'�	�����	���'!���$���$ ����1������1�$	�����	�����'�����	������

'		���$	�����	$�������������!�'!���	�9���$��	�����(��������������$������	�1�!�����	$ �	���	�	4�	��	��	����

$���'����!
�5/�

��J	��	��������	�	��������������	�������'��$�������	�$�������$���$	�1�����������:$����������!� �	�:

�	���	$� $	����� ��������� ��� 	��� ������ �	������ ��$� ��	����'���� ��������	� �	�������!�� *�<;H(� ����1��	�

����1������$���	�	������ ����$�� �� ��$	���	�����1	�����������'�	�� ���������������$���%	�
�85�

�����	�	���� ������

��	������� ����!�	��� �������' ���		$�� ���	���	��������

��	�	� ��� ����� �� �		$� ���� �� �!��	������ 	��� ������ ���������1���� �����$	������� ��� 	�����	��!� �	��������	�

����������$�	������� ������ ������	��������������$��$��	4�������	��� ��	���	��	��������	�����������$�	������

������� �	�����������$	���	���;�(�,-0/:,�����!���	��� $!� �	$���	�	�����$��$�
�65�

������		����	��� �	$���	�
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)�������1����#�������	�� �	�����	��������	�
�6?�8/�8-�

�' ��$�$��������� $	���� ���������	� �	����'� ����������

��$� 	������� � �$������� ����	���� � ��� ��� ��	� ;�(�  ���	����� ���	��� � �$	���	�� 1� �$� ������	� '���� ��	�

�������	��!�����	� ������$����������	������������������	������ �������) ���	����	� �	����$	����	� �����������

��	�;�(�����$��$��������	��'�	����	�	�����	�����	�����������������������%	���$�����	��� �'	��
�8/�8-�

��I���	��

���	� ��������	$� �� $�	����	��		$	$� ��� 	��'�	� ��	�������� ��������$	� ��$���$ ����	$�� �$���	� ��� ��	��� ���	����

'��	$������ �$�	��$	��	����

(������	��������	������	�������'	�1		���	�	����	��������	���	�������������	��	�������!�$	���	���$���	�	�$:

 �	������� $������	��������	$ �������	����!	�����$���$���$ ����1�����	�	'��������!����� $�	��$	����'	$���	�

�	�������!����$	�����' �����#	$�$	����������������	�������'	�1		����	��	�������!���$���	��		$�������	� �	���

���1	��� 1����������� �� $�	�� �������������1	�	� ������	� � 'D	���� ������	$� ��� ���	���� ��� ����$������ ��� ��	�

$	���	� ' �� ���� �����	�!� ������	$� ��� 	���	�� ��	� �������� $	����� ����	� ��� ��	� ����:���� ����!����� �1�� �� $�	��

�	����	$��������$���$ ��������	�������������	�	���	��� $!�
�07�0?�

���I��#���������������1������	$������	��	�������

��1	�	�������!����	�'		���������	��	�	����	�������	$����	��	����	�!�	����	���	���$���$ ���������������������	�

�����������	��	�	����������!��	�	�������� �����	�1��#�������$	�����$	���	���������	!����	�1����'	�	������	�

��� ������������$���$ ����1�����	�	'��������!����1	�	����	���$	������	���$��$���������	������������	� �	�:

�	���	$�$	����������� ����� ���1��������	���� ������������	������	���	����
	��������1������� ���:$����������!�

��������� ���� �	�$� ��� ����	��	$� ���	�����	� ��� $	���	�G� ����	��	$�  �	� ��$� ������	$� �	��������	
�6/� 5-� 56�

��

���	� �� 	��� ������ ��� ��	� �		$�� ��� ��	�  �	�� ��$� �	�	������ ��� �� $	���	� ����� ��� 	��!� ���  �	�1������4�� ��

�������������#	�!����'	���������������������	���	��������	�
�65�

���

I;�;���;(*��()���;��&�<;�9�

��� ���	���� 1�����$	� ��� 	�� �	� ����� ���� ���	��� �	� �	��������� ��� ���	��� ��� ���� �	��� '!� ��$���$ ���� 1����

�	�	'��������!�1����	��	1	$����1	�	�����	���	�	�������!�	4�������1������	�	'��������!����	���$������������

1��� ���� �$	�����	$� ��� �� #	!� �	��� 1������ ��	� ������	�� � )��� �������	� 	����		����� ������	�� ����� $��� ��� ��	�

$	�	����	������$	���	�����	��$������$��� �����	�����	����� ����������$	��������	�!�	������1�����$	���������:

�	�	�	��	�1�������	��������	��$��1���������	��	�	�	��	�������	��	�	��	$�������	����(��!�������	�����	��/,,.�1	�	�

���� $	$� ��� ���� �	�� ���	��� 1��� �����	$� ������ ��� ����� ���	����	�� ����� �	��	1� $�$� ���� $	� � '����	$�
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Table S1: Development and Usability Testing of Customised Devices to Enable/Enhance Computer Use 

Author, year Research 

Design/ 

Participants Total n (oth=other, 

cntl = control) 

Age(s), 

years 

(CP) 

Device/technique Measures Outcome 

Single 

Subject 

Studies 

       

McCormack, 

1990
(58)

 

IV - single 

case design 

athetoid and 

spastic CP with 

severe oral motor 

control 

1  CP=1 8 Keyguard Speed & 

accuracy of 

typing 

Use of keyguard 

increased accuracy 

(p<0.01) and decreased 

speed (p<0.01) 

Radwin, 

1990
(51)

 

IV - case 

study 

1 spastic athetoid 

CP, 1 graduate 

student no 

experience using 

head pointer 

12, CP=2, cntl=10 35, 39 Conventional 

mouse vs ultrasonic 

headpointer 

Learning rate 

(LR), Movement 

time (MT), 

Total Path 

Distance (PD) 

as function of 

Target 

Diameter (TD), 

cursor-target 

distance (CTD), 

and Direction 

(D) 

LR for one participant 

with CP was better than 

all other participants. For 

that participant, the 

average MT and PD 

shortest in upward 

direction, longest toward 

right (p<0.001). The 

other individual with CP 

had the greatest MT. 

Clayton, 

1992
(34)

 

V - case study athetoid CP 1  CP=1 14 Refined intraoral 

access device vs 

previously used 

intraoral and 

extraoral access 

devices 

proficiency, use Improved proficiency 

and use with newer 

intraoral access device 

(less inadvertant 

activation of sensors by 

swallowing).Compact 

size of mouthplate 

makes it unobtrusive. 

Harwin, 

1998
(49)

 

V - case study non-verbal, 

quadriplegia 

1  CP=1 23 Computer 

recognition of head 

gestures 

Yes/No 

recognition 

over one hour 

Two independent 

observers and the 

computer identified 

yes/no gestures. 74% of 

time the 2 observers and 

the computer were in 

agreement. 

Durfee, 

1999
(35)

 

IV - single 

case design 

ABAB  

spastic quadriplegia 

CP with impaired 

vision and cognitive 

level of 3 or 4 yrs 

1  CP=1 9 Touch window (A) 

vs mouse with 

onscreen enlarged 

arrow (B) 

percentage of 

correct letter 

matching, 

speed of letter 

matching 

Median accuracy ABAB; 

43%, 53%, 55%, 68% 

respectively; also 14% 

less variability during B 

periods. 

Stewart, 

2001
(46)

 

IV - single 

case design 

ABACA 

athetoid 

quadriplegic, 2 

athetoid/spastic 

quadriplegic 

3, CP=3 6-10 Internal symbol 

prediction, regular 

prediction, no 

prediction 

time to 

complete 

sentence, 

errors 

Overall, internal 

prediction faster than no 

prediction, but fewer 

errors with no prediction 

Betke, 

2002
(25)

 

V - case 

studies 

non-speaking, 

limited voluntary 

muscle control 

12, CP=10, oth=2 (TBI 

– traumatic brain 

injury) 

3-58 Camera Mouse: 

Visual tracking of 

gestures 

use Camera 

Mouse                      

spell with 

onscreen KB 

 

 

8/10 able to use Camera 

Mouse, 5/10 able to 

spell with onscreen KB 
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Author, year Research 

Design/ 

Participants Total n (oth=other, 

cntl = control) 

Age(s), 

years 

(CP) 

Device/technique Measures Outcome 

McFarland, 

2003
(50)

 

IV - quasi-

experimental 

CP (wheelchair) 8, CP=1, cntl=6,oth=1 

(SCI – spinal cord 

injury)  

*20-

44 

Brain computer 

interface 

Accuracy and 

rate of 

information 

transfer 

through EEG 

* Accuracy decreased for 

increased number of 

targets (p<0.0001), bits 

per trial was highest for 

4 targets (p<0.0003). 

Strong user effect on 

accuracy and bits/trial 

(p<0.0001). 

Havstam, 

2003
(47)

 

IV - single 

case design 

ABA  

spastic 

quadriparesis 

2, CP=2 12, 22 Dragon Dictate - 

speech recognition 

software 

Computer 

access system 

efficiency, 

perceived 

peformance & 

comfort                    

level of success 

in speech 

recognition 

speech 

production 

One participant lost 

motivation and training 

was abandoned.  Other 

participant improved on 

all measures during 

treatment phase (40% 

improvement in speech 

recognition rate), except 

speech production.  

Turpin, 

2005
(40)

 

V - quasi-

experimental 

CP 35, CP=1, oth=34 (11 

- rheumatological 

conditions, 8 -

musculoskeletal 

conditions, 15 - other 

conditions affecting 

computer access) 

*32-

77 

KB: compact, 

expanded, 

keyguard                         

PD: trackballs, 

joystick-shaped 

mouse, touchpad, 

adjustable mouse, 

wireless infrared 

head pointer 

opening/closing 

files, typing 

sentence, 

selecting text, 

cutting, pasting 

& moving text, 

scrolling 

Study presents matrices 

of product features and 

user impairments 

Man, 

2007
(36)

 

IV - single 

case design 

ABCD 

no voluntary 

control of four 

limbs, average 

intelligence 

2, CP=2 13,15 Camera Mouse (A), 

ASL Head Array 

Mouse Emulator 

(B), Cross Scanner 

(C), Quick Glance 

Eye Tracking 

System (D) 

Winfitts (mean 

movement 

time, mean 

accuracy rate) 

Assessment of 

Comfort 

Questionnaire 

(comfort)  

ASL Mouse Emulator had 

lowest mean movement 

time for both 

participants (12.5±5.63s, 

11.9±1.39s). The Cross 

Scanner had the highest 

rate of accuracy for both 

(95.9±11.7%, 

98.6±3.8%). The Cross 

Scanner was rated 

highest for level of 

comfort by both 

participants. 

Pokhariya, 

2007
(56)

 

V - case 

studies 

1 CP severe 

dysarthria and 

quadriplegia 1 CP 

average user 

3, CP=3 NS NAVIGO - easily 

modified universal 

access solution 

use  Determined number of 

sounds, controls, 

alphabet letters, 

tryboard areas, gestures, 

and numbers that could 

be used to customize 

system for each 

participant 
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Author, year Research 

Design/ 

Participants Total n (oth=other, 

cntl = control) 

Age(s), 

years 

(CP) 

Device/technique Measures Outcome 

Sanger, 

2007
(52)

 

IV - quasi-

experimental 

static upper 

extremity, 

Melbourne = 34% 

to 77% 

30, CP=10, cntl=20 7-18 Keyboard layout 

prediction 

Information 

rate (measured 

& predicted) 

based on 

movement 

time and 

reaction time 

to size, 

sequence and 

number of 

targets. 

Measured & predicted 

information rate are not 

related for the CP 

subjects alone (although 

were for all subjects if 

considered as a group). 

After reprogramming of 

DynaVox (based on 

predictive model) 5/10 

users showed improved 

information rate, but the 

group effect of 

reprogramming was not 

significant. 

Lin, 2008
(41)

 V - case study athetoid 1, CP=1 18 On-Screen chorded 

keyboard vs 

keyboard & mouse 

Text entry 

performance: 

speed & 

accuracy 

Chorded input faster and 

more accurate, with less 

errors than keyboard & 

mouse 

Mukherjee, 

2008
(37)

 

V - case 

studies 

NS 4, CP=4 10-26 Sweepsticks virtual 

mouse with and 

without predictive 

actions 

successful task 

performance 

Success rate improved 

with predictive actions 

based on common 

access patterns. Nuances 

in the program  required 

retraining prior to every 

use, thus participants 

with better memory 

were more successful. 

Group Studies       

Angelo, 

1992
(44)

 

IV - Before 

and after 

group 

comparison 

3 spastic, 3 

athetoid 

6, CP=6 18-20 Scanning modes: 

automatic, inverse, 

step 

Speed & 

accuracy of 

cursor 

movement 

No significant difference 

between modes, but 

automatic scanning was 

inferior for participants 

with spastic CP and step 

scanning poorest for 

those with athetoid CP 

Rao, 2000
(38)

 IV - quasi-

experimental 

mild, moderate, 

severe CP 

25, CP=14, cntl=11 15-35 Isometric joystick vs 

spring-centred 

position joystick 

Movement 

time (MT), 

Total Path 

Distance (PD) 

as function of 

Target 

Diameter (TD), 

cursor-target 

distance (CTD), 

and Direction 

(D) 

* MT greater for 

isometric joystick 

(582ms) compared to 

position joystick 

(430ms)(p<0.001). 

Average MT and PD was 

proportional to CTD and 

inversely proportional to 

TD.  MT was longest in 

upward D and shortest 

in downward D. 

Chen, 

2006
(33)

 

IV - quasi-

experimental 

severe spastic CP 

with quadriplegia 

or athetoid CP 

with quadriplegia, 

good vision after 

visual correction 

and no active 

infection such as 

pneumonia 

42, CP=27, cntl=15 5-12 Integrated Pointing 

Device Apparatus 

(IPDA) vs standard 

mouse 

continuous 

clicking, target 

acquisition, 

drag and drop 

Group with standard 

mouse performed better 

than IPDA group for 

continuous clicking, yet 

both groups had similar 
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Author, year Research 

Design/ 

Participants Total n (oth=other, 

cntl = control) 

Age(s), 

years 

(CP) 

Device/technique Measures Outcome 

Parker, 

2006
(48)

 

V - quasi-

experimental 

severe dysarthria, 

0-22% on Frenchay 

Dysartrhia 

Assessment 

6, CP=6, oth = 2 (1 

CP+cerebral vascular 

accident, 1 Multiple 

sclerosis) 

adult Speech recognition 

software 

correct 

computer 

identification of 

verbal 

utterances 

*7 participants 

completed training 

phase. 4/7 showed 

significant improvement 

in recognition of 

majority of target words. 

3/7 showed no change 

or negative effects 

Simpson, 

2006
(45)

 

IV - Before 

and after 

group 

comparison 

severe physical 

disability 

14, CP=6, cntl=8 29-55 Adaptive 

row/column 

scanning system 

(Input Device Agent 

(IDA)) vs self chosen 

scanning 

character entry 

time, selection 

accuracy, 

timing errors, 

start scan time, 

row & column 

press time 

No significant difference 

between modes in any 

measures except that 

adaptive scanning 

system was 25.5% faster 

than self chosen 

scanning. Subjects 

achieved 90% accuracy 

and 15% timing errors 

with IDA. 

Wu, 2006
(43)

 IV - Before 

and after 

group 

comparison 

5 severe CP, 7 

moderate 

12, CP=12 8-15 Keyboard 

adaptation method 

Speed & 

accuracy of 

typing 

Improvement in typing 

speed (p<0.002) which 

was greater for those 

with severe impairment.  

Did not alter accuracy 

(p=0.051) 

Wu, 2007
(39)

 V - quasi-

experimental 

 3 CP athetoid, 2 CP 

spastic, 1 CP mixed 

6, CP=6 6-10 logitech mouse, 

trackball, joystick 

Computerized 

Assessment 

Tool (CAT): 

movement, 

clicking and 

dragging of 

cursor 

Median success rate of 

clicking: mouse 6%, 

trackball 17%, joystick 

45%; Median success 

rate of pointing and 

selecting: mouse 6%, 

trackball 17%, joystick 

45%; Median success 

rate of dragging: mouse 

14%, trackball 7%, 

joystick 31% 

Yeh, 2008
(31)

 V - case 

studies, 

group 

comparison 

NS 99, CP=49, cntl=50 NS 3 projects: 

Assessment 

program; keyboard 

adaptations; 

pointing device 

evaluation; on-

screen keyboards 

kinematic 

parameters; 

speed and 

accuracy of 

typing; travel 

path, distance, 

speed, 

accuracy, 

acceleration; 

satisfaction  

Meeting the needs of 

users through 

assessment and 

evaluation resulted in 

increased speed, 

accuracy and satisfaction 

of device relative to a 

standard keyboard or 

mouse. 
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Table S2: Design and Testing of Algorithms to Improve Computer Recognition of Input. 

 
Author, 

year 

Research 

Design 

Participants Total n 

(oth=other, cntl = 

control) 

Age(s), 

years 

(CP) 

Device/technique Measures Clinical Relevance 

Yang, 

1998
(28)

 

V - case 

study 

voluntary and 

involuntary 

movement 

1, CP=1 14 Morse code 

recognition - 

variable degree 

variable step size 

least mean 

squared 

(VDVSLMS) 

algorithm, 2 

variations of the 

least mean 

square (LMS) 

algorithm, 

Character 

recognition 

rate 

Average matches (out of 100) 

were 23.5 and 69.7 for 2 

variations of LMS algorithm 

& 80.2 for VDVSLMS 

algorithm. The VDVSLMS 

method had significantly 

higher recognition rate 

(α=0.05). 

Fuh, 

2001
(53)

 

V - case 

study 

NS 3, CP=1, oth=2 (1 

upper limb 

amputee, 1 

skilled expert) 

teen Morse code 

recognition - back 

propagation 

neural network 

(BPN), 2 

variations of the 

least mean 

square (LMS) 

algorithm 

Computer 

recognition 

rate 

By using new method can get 

96% recognition rate with 

neural network as opposed to 

other methods (12.6% higher 

than others) 

Morrison, 

2002
(54)

 

V - quasi-

expermental 

limited voluntary 

muscle control 

1, CP=1 NS Hidden Markov 

Models to 

identify head and 

hand gestures 

Error rate 

(%) relative 

to number 

of training 

examples 

Number of training 

examples/error rate, 3/24%, 

5/16%, 7/16%, 9/13%. 

Overall end-centered polar, 

end & mean centered 

cartesian vectors had the 

lowest error rates (9.5%, 

11%, 10% respectively) and 

head-centred Cartesian 

vectorhad the highest error 

rate (40%).  

Wu, 

2002
(55)

 

V - case 

study 

NS 2, CP=1, oth=1 (1 

skilled expert) 

teen Morse code 

recognition - 2 

fuzzy algorithms 

(one-node & long 

short separation) 

& adaptive 

variable-ratio 

threshold 

prediction 

(AVRTP) 

algorithm 

Recognition 

rate 

Recognition rate for 3 

algorithms: AVRTP: 94.0%, 

one-node 98.0%, long-short 

99.1%. Variation for the 

individual with CP was 10% 

higher on long signals, and 

40% higher on short signals. 

Yang, 

2004
(30)

 

IV - quasi-

expermental 

Athetoid with 

involuntary 

movements 

33, CP=2, cntl = 

15, oth =16 (15 

skilled experts, 1 

SCI) 

14 Morse code 

recognition - 

counter 

propagation 

network with 

variable degree 

variable step size 

LMS 

(CPNVDVSSLMS), 

2 variations of 

the LMS 

algorithm 

Character 

recognition 

rate 

Average matches (out of 100) 

were 22.2 and 71.4 for 2 

variations of LMS algorithm 

& 81.9 for CPNVDVSLMS 

algorithm. The CPNVDVSLMS 

method had significantly 

higher recognition rate 

(a=0.05). 

Yang, 

2006
(29)

 

V - case 

study 

Athetoid with 

involuntary 

movements, 

delayed start on 

movements 

3, CP=2 oth=1 

(SCI) 

14 Morse code 

recognition - 

fuzzy support 

vector machines 

(FSVM), learning 

vector 

quantization 

(LVQ), 2 

variations of the 

LMS algorithm 

Character 

recognition 

rate 

Average matches (out of 100) 

were 22.2 and 71.4 for 2 

variations of LMS algorithm, 

77.5 for LVQ & 84.8 for FSVM 

algorithm. The FSVM method 

had significantly higher 

recognition rate (a=0.05) 

than other 3 methods. 
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Olds, 

2008
(26)

 

V - quasi-

expermental 

athetoid 3, CP=3 24-49 Two stage filter 

model to predict 

icon clicking 

target 

acquisition 

rate, 

success rate 

Target acquisition rate: with 

model = 9.6s, with filter = 

3.5s, Success rate: with 

model = 79%, with filter 99% 
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