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PURPOSE
A wide variety of computer access methods to
support text entry are available for people with
physical impairments, including standard keyboards
and associated adaptations, speech recognition
systems, on-screen keyboards, one- or two-switch
scanning input, brain interfaces, and others. The
process involved in choosing the most appropriate
method, or combination of methods, to meet their
needs is critically important and complex.
Because impairments and motor skills can vary
widely across individuals, finding the best access
method for someone is an individualized process that
focuses heavily on the user’s specific strengths and
limitations. However, practitioners and users can also
benefit from understanding the external evidence, i.e.,
the published outcomes for similar clients with similar
needs. External evidence can provide insight into
expectations for long-term performance and learning
times, as well as comparisons between different
candidate systems.
The purpose of this study is to perform a
systematic literature review, in order to develop a
better understanding of the typing speed provided by
text entry methods for people with physical
impairments. This is the first step in a longer-term
project to organize and synthesize the available
literature in the area of computer access.
METHODS
Search Strategy
To systematically search the literature, we used
the approach outlined by Schlosser et al. (2005). The
guiding question for the search was: “What are the
reported speed and accuracy of various text entry
methods that are relevant to people with physical
limitations?” We identified the Person, Intervention,
and Outcomes components of the question to
generate search keywords:
1. Person: categories related to disability such as
“Disabled Persons” and “Motor Skills
Disorders” and specific diagnoses that
typically produce physical impairments
2. Intervention: categories related to computer
access
methods,
such
as
“Assistive
Technology,”
“Communication
Aids
for
Disabled” and keywords specific to particular
types of access (e.g., “mouthstick”)
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3. Outcome: keywords related to text entry rate,
speed, and accuracy, as well as a general
“Outcome” category.
A complex search string for each component was
defined, using specific categories from each
database’s thesaurus as well as common keywords.
The full search string was formed by combining the
three components as Person AND Intervention AND
Outcome. For the complete search string, see the
supplementary material for this paper (Koester, 2016).
We searched 10 databases in December 2015:
PubMed, PEDro, OTseeker, ERIC, DARE, Cochrane,
google scholar, ACM, CINAHL, and PsychInfo. We
manually sifted through the results of each search
based on the title and abstract, keeping citations that
focused on at least one assistive device or technology
to enhance computer use or communication. This
initial search-and-sift phase yielded 617 articles.
Study Selection
We performed a second round of abstract
screening to exclude abstracts where the dependent
variables mentioned did not include some measure of
text entry performance. (Abstracts that didn’t include
specific dependent variables were retained at this
point.) We also excluded abstracts that focused
exclusively on pointing performance rather than typing,
such as target acquisition with alternative mouse
control. This stage retained 362 articles.
We reviewed the full text of those 362 articles. We
kept the 143 articles that reported typing speed either
in words per minute (WPM) or as a measure that could
be converted to WPM. For this paper, we sorted the
articles based on whether at least one of the access
methods in the paper is readily available for consumer
use (N=91) or not (N=52). Our focus here is only on
those access methods that are actually available for
use. We added 11 articles from a brief manual search
process.
The 102 articles on available access
methods form the core database representing
literature related to our guiding question.
Organization of Evidence
We extracted data from the 102 studies into a
spreadsheet based on the critical review form of the
McMaster University Evidence-Based Practice Group
(Law et al., 1998). For each study, we extracted
specific features related to the study purpose and

design, participant characteristics and sample size, the
access
method(s),
text
entry
measurement
procedures, and quantitative typing speed results.
We then did a validation check to remove any
studies that: a. don’t actually include available
technology (N=3); b. are simulations or only cite WPM
from other studies (N=6); c. are duplicates of another
study (N=2); or d. provide only anecdotal or unclear
typing speed measurements (N=8). This removed 19
studies from the database, leaving 83.
Finally, we removed the studies that included only
able-bodied participants as subjects. While the data
from that population can in some cases provide a
relevant benchmark, for this initial analysis, we wanted
to include only those studies that measured directly
from the population of interest. The resulting database
for this paper includes 56 studies (Koester, 2016).

impairments. The most common number of subjects
in a study was one, for 16 studies, while the median
number of subjects with physical impairments in a
study was four. In most studies (N=43), subjects were
a regular, experienced user of at least one of the
access methods used.
Table 1 shows the number of studies for each
basic type of access method. Most studies (N=36)
include only one basic access method, but may
compare two or more “flavors” of that access method
(e.g., with and without word prediction).
Access Method
N of Studies

Quantitative Analysis
For this paper, we organized the studies by access
method(s) (standard keyboard, ASR, Morse, direction
selection OSK, scanning OSK, BCI, and other) and
control site (e.g., hand(s), head, eyes, etc.).
We then analyzed each access method, beginning
with the standard keyboard access method. We
created a spreadsheet that includes the data from
each study that involved standard keyboard input. For
studies that reported results across a group of
subjects, we entered the average typing speed, as well
as the range and standard deviation where available.
For results reported individually for each subject, we
computed the average typing speed, range, and
standard deviation across those subjects. If words per
minute units were not reported directly, we converted
to WPM by assuming 5 letters per word. For some
studies, we estimated the range from figures provided
in the original article.
Using the sample size, average typing speed, and
standard deviation, it is possible to combine the results
mathematically across studies, using meta-analysis
techniques. We sorted the standard keyboard studies
into four categories, roughly corresponding to the body
site used for typing: cervical spinal cord injury (SCI)
upper extremity (UE), mixed diagnosis UE, mouthstick
or headstick, and foot.
We then computed the
combined average and standard deviation of typing
speed for each of these groups, and across the entire
set of studies as a whole (Chang, 2016).

Morse code

2

Brain-computer interface

1

RESULTS
The 56 studies in the database include a total of
464 subjects with physical impairments. Seventeen
studies also include some subjects who don’t have
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Standard keyboard

21

Speech recognition

7

OSK (direct selection)

19

OSK (scanning selection)

17

Other (tongue keypad, EdgeWrite)
8
Table 1. The access methods involved in the database
of 56 studies. OSK = On-screen Keyboard. Note that
a study can include more than one access method.
At the time of this writing, we completed the
quantitative analysis for the standard keyboard studies
only. By the time of the presentation, we will have
results for the remaining access methods as well.
Typing on Standard Keyboard
Standard keyboard is the largest and most diverse
grouping of studies in the database. It includes all
forms of typing directly on the physical keyboard, such
as the use of multiple fingers on both hands, bilateral
typing with pencils or splints, one finger typing, foot
typing, and mouthstick typing. Table 2 summarizes
the typing speed data reported across the 21 standard
keyboard studies. Table 3 provides more detail for the
studies within each category.
DISCUSSION
This systematic literature review provides a good
start at organizing and understanding what is known
about performance for typists with physical
impairments. This discussion focuses on what the
results from the standard keyboard studies may tell us.
For the standard keyboard studies, there is a
reasonable amount of consistency in the methods
used. Almost all of the data reflect experienced
typists, performing typical text copy tests using letterby-letter typing.

While the methods may be fairly consistent, the
reported typing speeds are not. Speeds range from a
low of 1.3 wpm for an individual with cerebral palsy
using one finger to a high of 48 wpm for a high school
student with spinal muscular atrophy (see Table 3).
Given such a large range, are there ways to apply this
evidence effectively?
First, the slower end of the range is a reminder
that typing on a keyboard doesn’t necessarily yield
productive results. Seven of the studies had minimums
below 4 wpm, and all but one of these involved upper
extremity typing. It’s important to take measurements
from individuals during and after assessments, in order
to identify people who may be struggling and
accommodations that may improve the situation.
Second, the higher end of the range highlights the
fact that severe physical impairment doesn’t
necessarily mean slow typing. It is not unusual for
someone with a C5 SCI, using bilateral typing splints,
to type at 20 wpm or more. Some mouthstick typists
can also achieve this level of speed. This can help
define aspirational goals for some users, while
measurements can track progress toward that goal.
Third, even with the wide range in observed typing
speed, the average speed for typists using upper
extremities is quite consistent for cervical SCI and
mixed diagnoses, averaging 12.03 and 12.55 wpm,
respectively.
Challenges
Performing a systematic review in this area is a
challenge, since relevant results may be scattered
across varied media in a wide range of fields including
rehabilitation, medicine, education, engineering,
human-computer interaction, and assistive technology.
Schlosser’s (2005) article provided key guidance to the
process, such as forming effective search strings and
identifying which databases to search.
Even with this structured approach and a large
number of relevant articles, we have likely missed
some studies at this early stage, especially from
Category

conference proceedings such as RESNA, which are
not usually included in literature databases. We need
to do a wider manual search, as well as a backwards
search, to expand the coverage of our database.
Future Work
One need is to work toward more well-defined and
replicable methods in computer access research.
While many of the basic elements were mentioned in
most articles, important details were almost always
omitted. A common structure for performing text entry
studies would provide a stronger platform for
cumulating results across studies over time.
Our current database of articles is a good
foundation to address a variety of questions about
computer access methods and to identify gaps in the
literature base to guide future research. We’d like to
find effective ways of maintaining and leveraging this
database over time, possible by allowing others to add
studies and use the database to explore their own
questions.
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N studies

N subjects

Average WPM

6

76

12.03

7.17

(<= 6, > 23)

12

76

12.55

10.73

(1.3, 48)

Mouthstick (+ 1 headstick)

7

11

9.72

5.17

(3.6, 22.5)

Foot

2

2

19.32

15.10

(8.64, 30)

21

165

12.14

8.94

(1.3, 48)

UE Cervical SCI
UE Mixed Diagnosis

Overall

SD

Range

Table 2. Combined typing speed results for the 21 studies involving use of the standard keyboard. SD = Standard
Deviation. (Note: some studies include subjects in more than one category.)
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UE Cervical Spinal Cord Injury

N

Avg

SD

Min

Pouplin 2016

C6-8

30

13.8

7.2

Pouplin 2015

C5-8

24

8

2.22

Koester 2015

1

7.7

0

Alcantud 2006

15

10.76

7.22

6

23.2

6.8

Total for UE Cervical SCI:

76

12.03

7.17

UE Mixed Diagnosis

N

Avg

Koester 1994

C4-6

SD

Max
6

14

<= 6

>= 23.2

Min

Max

Koester 2015

9

5.28

2.93

1.3

9.7

Koester 2015

4

26.4

14.79

12.6

39

Pires 2012

CP, keyguard

1

6.34

0

6.34

6.34

Chiaparrino 2011

CP. keyguard

1

1.5

0

1.5

1.5

10

9.8

6.96

2.5

22

Mezei 2009

4

16.15

11.83

5.6

32.6

Garrett 2008

5

21.5

17.27

6

48

Koester 2007

11

9.9

9.47

1.8

35.22

3

12.4

4.61

7.2

16

Koester 2004

18

15

11.46

3.5

32.2

Tumlin 2004

5

8.63

5.64

2.5

14

Tam 2002

4

8.56

2.63

5.64

11.76

1

29.16

0

29.16

29.16

Total for UE Mixed:

76

12.55

10.73

1.3

48

Mouthstick

N

Avg

SD

Tam 2009

Mezei 2005

Manaris 1998

1-hand

Min

Max

Pouplin 2015

C4

1

10

0

10

10

Koester 2007

CP

1

7.06

0

7.06

7.06

Devries 1998

SCI

1

5

0

5

5

Devries 1998

GBS

1

6.4

0

6.4

6.4

1

13.68

0

13.68

13.68

Manaris 1998
Lau 1993

SCI, DMD

4

8

3.46

3.6

11.2

Smith 1989

post-polio

1

22.5

0

22.5

22.5

Pires 2012

CP, headstick

1

10.28

0

10.28

10.28

Total for Mouthstick:

11

9.72

5.17

3.6

22.5

Foot

N

Avg

SD

Min

Max

Nguyen 2012

congenital armless

1

30

0

30

30

Pires 2012

CP, 1-foot

1

8.64

0

8.64

8.64

2

19.32

15.10

8.64

30

Total for Foot:

OVERALL TOTAL:
165
12.14
8.94
1.3
48
Table 3. An expanded view of Table 2, showing each study in four general categories for standard keyboard
studies. Statistics are for words per minute typing speed.
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SUPPLEMENTARY MATERIAL
Search String used for PubMed:
Search ((((((Disabled Persons or Motor Skills Disorders or Dyskinesias or Paralysis or Paresis OR friedreich
ataxia OR carpal tunnel syndrome OR multiple sclerosis OR motor neuron disease OR cerebrovascular disorder*
OR spinal cord injur* OR cerebral palsy OR muscular dystrophy OR arthrogryposis OR neuromuscular disease
OR parkinson disease))) AND ((Outcome* or evaluation or text entry rate or communication rate or speed or
accuracy or performance))) AND ((((“Computer access” or “on-screen keyboard” or “virtual keyboard” or “Morse
code” or “mouthstick” or “keyboard” or “switch scanning” or “text entry” or “text input”))) OR ((computer* OR
communication) AND ((Self-Help Devices or Assistive technolog* or Communication Aids for Disabled or BrainComputer Interfaces or User-Computer Interface or Speech Recognition Software or Computer Peripherals))))))
Similar strings were used for each of the other 9 electronic databases, tailored specifically for the thesauruses of
each database.

Citations for the 56 studies:
These are the studies that reported typing speed, employed subjects with physical impairments, and used at least
one access method that is readily available for consumer use.
Adams, K. D., Goldthwaite, J., Plummer, T., Moore, M. M., & Kennedy, P. R. (2001). Computer control using
surface EMG signals. In Proceedings of RESNA 2001 Annual Conference. 80-82.
Alcantud F, Dolz I, Gaya C, & Martín M. (2006). The voice recognition system as a way of accessing the
computer for people with physical standards as usual. Technology & Disability, 18(3), 89–97.
Al Faraj, K., Vigouroux, N., & Mojahid, M. (2009). SmartKey: A Multi Purpose Target Expansion Based Virtual
Keyboard. In Proceedings of the 11th International ACM SIGACCESS Conference on Computers and
Accessibility (pp. 251–252). New York, NY, USA: ACM. http://doi.org/10.1145/1639642.1639700
Bay, J. L. (1991). Positioning for Head Control to Access an Augmentative Communication Machine. American
Journal of Occupational Therapy, 45(6), 544–549.
Betke, M., Gips, J., & Fleming, P. (2002). The Camera Mouse: visual tracking of body features to provide
computer access for people with severe disabilities. IEEE Transactions on Neural Systems and
Rehabilitation Engineering, 10(1), 1–10. http://doi.org/10.1109/TNSRE.2002.1021581
Bhattacharya, S., Samanta, D., & Basu, A. (2008). Performance Models for Automatic Evaluation of Virtual
Scanning Keyboards. IEEE Transactions on Neural Systems and Rehabilitation Engineering, 16(5), 510–
519. http://doi.org/10.1109/TNSRE.2008.2003377
Blain, S., McKeever, P., & Chau, T. (2010). Bedside computer access for an individual with severe and multiple
disabilities: a case study. Disability and Rehabilitation. Assistive Technology, 5(5), 359–369.
http://doi.org/10.3109/17483100903323275
Chan, J., Falk, T. H., Teachman, G., Morin-McKee, J., & Chau, T. (2010). Evaluation of a non-invasive vocal cord
vibration switch as an alternative access pathway for an individual with hypotonic cerebral palsy - a case
study. Disability and Rehabilitation. Assistive Technology, 5(1), 69–78.
http://doi.org/10.3109/17483100903278107
Chiapparino, C., Stasolla, F., Pace, C. de, & Lancioni, G. E. (2011). A touch pad and a scanning keyboard
emulator to facilitate writing by a woman with extensive motor disability. Life Span and Disability, 14(1),
45–54.
DeVries, R. C., Deitz, J., & Anson, D. (1998). A Comparison of Two Computer Access Systems for Functional

Proceedings of RESNA 2016 Annual Conference

Text Entry. American Journal of Occupational Therapy, 52(8), 656–665.
Garrett, J. T. (2008). Using speech recognition software to increase writing fluency for individuals with physical
disabilities. Dissertation thesis, Georgia State University. ProQuest Information & Learning, US.
Gibbons, C., & Beneteau, E. (2010). Functional performance using eye control and single switch scanning by
people with ALS. SIG 12 Perspectives on Augmentative and Alternative Communication, 19(3), 64–69.
Hird K, & Hennessey NW. (2007). Facilitating use of speech recognition software for people with disabilities: a
comparison of three treatments. Clinical Linguistics & Phonetics, 21(3), 211–226.
Hsieh M, & Luo C. (1999). Morse code typing training of an adolescent with cerebral palsy using microcomputer
technology: case study. AAC: Augmentative & Alternative Communication, 15(4), 216–221.
Hurlburt, M. (1992). An examination of direct selection typing rate and accuracy. Journal of Rehabilitation
Research and Development, 29(4), 54.
Kane, S. K., Wobbrock, J. O., Harniss, M., & Johnson, K. L. (2008). TrueKeys: Identifying and Correcting Typing
Errors for People with Motor Impairments. In Proceedings of the 13th International Conference on
Intelligent User Interfaces (pp. 349–352). New York, NY, USA: ACM.
http://doi.org/10.1145/1378773.1378827
Klein S, Erickson L, James K, Perrott C, Williamson H, & Zacharuk L. (2008). Effectiveness of a computer skills
program to improve written communication in children with developmental coordination disorder. Physical
& Occupational Therapy in Pediatrics, 28(1), 5–23.
Koester, H. H. (1990). Quantitative Modeling in Augmentative Communication – A Case Study. In Proceedings of
RESNA 1990 Annual Conference. Retrieved February 10, 2016, from
http://kpronline.com/files/Horstmann-Koester-RESNA1990-modeling-of-an-AAC-system-case-study.pdf
Koester HH. (2004). Usage, performance, and satisfaction outcomes for experienced users of automatic speech
recognition. Journal of Rehabilitation Research & Development, 41(5), 739–754.
Koester HH, & Levine SP. (1996). Effect of a word prediction feature on user performance. AAC: Augmentative &
Alternative Communication, 12(3), 155–168.
Koester, H. H., Lopresti, E., & Simpson, R. C. (2007). Toward automatic adjustment of keyboard settings for
people with physical impairments. Disability and Rehabilitation: Assistive Technology, 2(5), 261–274.
http://doi.org/10.1080/17483100701284265
Koester, H. H., & Mankowski, J. (2015). Automatic adjustment of keyboard settings can enhance typing. Assistive
Technology, 27(3), 136–146. http://doi.org/10.1080/10400435.2014.997899
Koester, H. H., & Simpson, R. C. (2014). Method for enhancing text entry rate with single-switch scanning.
Journal of Rehabilitation Research and Development, 51(6), 995–1012.
http://doi.org/10.1682/JRRD.2013.09.0201
Kotler A, & Tam C. (2002). Effectiveness of using discrete utterance speech recognition software. AAC:
Augmentative & Alternative Communication, 18(3), 137–146.
Lancioni, G. E., Singh, N. N., O’Reilly, M. F., Green, V. A., Ferlisi, G., Ferrarese, G., … Oliva, D. (2013). A man
with amyotrophic lateral sclerosis uses a mouth pressure microswitch to operate a text messaging system
with a word prediction function. Developmental Neurorehabilitation, 16(5), 315–320 6p.
http://doi.org/10.3109/17518423.2012.731086
Lancioni, G. E., Singh, N. N., O’Reilly, M. F., Sigafoos, J., Green, V., Chiapparino, C., … Oliva, D. (2009). A
voice-detecting sensor and a scanning keyboard emulator to support word writing by two boys with
extensive motor disabilities. Research in Developmental Disabilities, 30(2), 203–209.
http://doi.org/10.1016/j.ridd.2008.03.001
Lancioni, G. E., Singh, N. N., O’Reilly, M. F., Sigafoos, J., Green, V., Oliva, D., & Lang, R. (2011). Microswitch
and keyboard-emulator technology to facilitate the writing performance of persons with extensive motor
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