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ABSTRACT  

This research project investigates (a) the relationship between communication and 
motor skill deficits among individuals with Autism Spectrum Disorders (ASD) with 
their acquisition of specific computing skills and (b) the utility of assistive 
technologies to aid individuals with ASD in interacting with computer-based 
instruction tools that focus on language skills, such as vocabulary-building, typing, 
etc. An evaluation of the communication and motor skill development of individuals 
with ASD is timely as it provides the basis for the development of assistive 
technologies. The results will (a) advance the knowledge and understanding of ASD 
and its impairments and (b) provide further benefit by studying and developing 
improved input devices and protocols for users with ASD. This project contributes 
to the areas of human computer interaction for special populations and universal 
access to computer technology.  
 
K eywor ds: Human Computer Interaction, Autism, Persons with Disabilities, 
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INTRODUCTION 

There is an increasing population of children with developmental disorders, 
including ASD. In fact, ASD directly affects approximately 300,000 children in the 
U.S. population aged 6 to 22, and it indirectly affects (i.e., parents, caregivers, 
siblings) in much larger numbers. At the same time, progress in both computer 
technology and assistive technologies for the disabled has created opportunities for 
improving many areas of daily living, including communication and education. 
Thus, an extensive evaluation of the communication and motor skill development of 
individuals with ASD is timely, as it provides the basis for the development of 
assistive technologies. Furthermore, an investigation into the interaction of 
individuals with ASD with computers and assistive technology is warranted.  
 
 The project sets the foundations for improving the ability of individuals with 
ASD to access computer-based learning tools by studying the differential and 
combined effects of their motor and linguistic deficits on the use of computer input 
devices. Specifically, individuals’ progress in interactions with vocabulary learning 
and typing software as they use traditional and alternative input devices (i.e., 
keyboards) will be studied. One of the alternative assistive technologies available, 
the orbiTouch Keyless Keyboard by Blue Orb, Inc. was developed primarily for 
people with cumulative stress injuries (CSIs) through a NSF Small Business 
Innovative Research (SBIR) grant. In recent months, however, the orbiTouch 
Keyless Keyboard has shown to be effective in improving access to computers for 
users with ASD (http://www.nsf.gov/news/news_summ.jsp?cntn_id=115476& org= 
NSF&from=news).  
 
Motor Deficits in Autism Spectrum Disorders 
 
The focus of this section is the effect of ASD on motor skill development and 
consequently the differences in motor skill functioning between autistic children 
versus normal functioning children. It should be noted, however, that the deficits 
interact with one another, and thus, some of the other characteristics of ASD can 
play a role in the delayed development of motor skills.  
 

Motor skills can be divided into two groups: gross motor skills and fine 
motor skills. Gross motor skills are comprised of the larger movements of the entire 
body or the major limbs, including walking, jumping, and riding a bicycle. In 
contrast, fine motor skills consist of the smaller movements of the body, particularly 
those involving the hands (fingers and wrists), toes, and mouth (lips and tongue). 
Thus, fine motor skills include handwriting, speech, or using scissors. Gross and 
fine motor skills develop in conjunction with each other, as many activities rely on 
the coordination of these skills (Hames, 2003). A deficit in gross or fine motor skills 
will most likely impact the development of the accompanying skill as well. 
 
 



 

 

Gross Motor Skills 
 
One of the common characteristics of ASD is uneven gross motor movements 
(Autism Society of America, n.d.). Specifically, the gross motor movements such as 
crawling and walking may develop later than normal. These movements may appear 
to be clumsy or awkward due to their delayed development (HSDC, 1999). In 
addition to development delays, individuals with ASD may have difficulty walking 
through a revolving door or guiding a shopping cart through a store (Downey, 
2001). 
 
Fine Motor Skills 
 
As previously mentioned, deficits in gross motor skills can also lead to deficits in 
fine motors skills. Consequently, children with ASD may also exhibit deficiencies 
in fine motor skills as well. Delayed development of fine motor skills can lead to 
difficulties with activities such as speech and the grasping of objects (HSDC, 1999). 
Additionally, children with ASD may experience apraxia of motors skills, i.e., 
difficulty carrying out voluntary motor skills. Similar to gross motor skills, fine 
motor skills in children with ASD may appear to be clumsy, awkward, or uneven 
(Autism-PDD Resources Network, n.d.).  
 

Deficits in the sensory processing of touch may also affect fine motor 
skills. For example, individuals with ASD may not be able to discriminate between 
objects merely by touch (CT Autism Spectrum Resource Center, n.d.). Moreover, 
many children with ASD experience hypersensitive or hyposensitive senses 
(Edelson, 1999) which can contribute to the inability to process incoming stimuli 
and consequently react to those stimuli. Thus, a heightened sensitivity to touch may 
increase a child’s difficulty to withstand normal stimulation, resulting in an aversion 
to grasping or manipulating foreign objects. 
 
Potential Solution: Assistive Technology for Persons with ASD 
 
Assistive Technology (AT) can be broadly conceptualized as any technology with 
the potential to enhance the performance of persons with disabilities. As defined by 
the Individuals with Disabilities Education Act Amendment of 1997, assistive 
technology is “any item, piece of equipment, or product system… that is used to 
increase, maintain, or improve functional capabilities of individuals with 
disabilities” (Part A, Sec. 602 (1)). Each year, tens of thousands of people are 
confronted with some form of disability as a consequence of an accident, disease, or 
other causes—and they wonder how they will cope (U.S. Department of Commerce, 
2003). Assistive technology offers a wide range of alternatives. It includes both 
“low tech” and “high tech” devices, and it incorporates technologies designed 
specifically for people with disabilities as well as generic technologies developed 
for use by the general public (Langdon, Clarkson, & Robinson, 2007). AT holds 
great promise for bridging the digital divide between persons with disabilities and 
our information society. 
 



 

 

Autism Spectrum Disorders provide a unique challenge to AT because, as 
a diagnosis, ASD is much less defined and understood than most other AT 
applications. It is further complicated by its multi-factor nature. There are few set 
solutions for AT assessments and applications as they often vary greatly case by 
case. Nowhere is this variable more pronounced than in working with persons with 
ASD. In cases of arthritis, for example, AT solutions are fairly well established and 
can be isolated to primarily motor control types of AT. In cases of ASD, by 
contrast, an AT professional needs to consider many more aspects of use including 
sensory, cognitive, communication, socialization, and motor abilities. This is further 
compounded by AT products becoming more complex, requiring users to integrate a 
variety of engineering, information technology, and human resource processes and 
components.  
 

Individuals with ASD may particularly benefit from the use of technology 
because many technologies allow individual customization, flexibility, 
predictability, and clarity. These technologies also emphasize visual stimulation. 
Assistive Technologies include both simple and complex tools that enhance learning 
and cognitive skill, communication, manual dexterity, and social skill. Individuals 
with ASD demonstrate significant adaptation to a variety of skills derived from AT. 
AT can provide increasingly flexible and variable accommodations in helping a 
child with ASD develop various skills and abilities.  
 

Because AT implementation is continually updated and reviewed, once 
technologies are identified and processes are implemented it is imperative that the 
team members examine the specific characteristics of the particular child with 
whom they work, and the way in which ASD manifests itself to understand how 
best the AT works for the child. ASD is a disorder that affects many abilities. 
Although many people with ASD demonstrate common characteristics, they vary 
greatly by degree and type. Moreover, the characteristics that an individual 
demonstrates can change dramatically over time. Thus, many specific 
considerations related to both technology and ASD must also be taken into account 
for the AT and the child to be successful. These specific considerations include 
communication issues, motor issues, input considerations, output considerations, 
software considerations, and troubleshooting strategies (Harden, 2001).  
 

Moore and Calvert (2000) found that students with ASD appeared to be 
more motivated and more attentive, in addition to learning more vocabulary, while 
using a computer software program as opposed to traditional methods. All of the 
above citations provide evidence for the beneficial effects of using computer-based 
assistive technologies to aid in the development and acquisition of communication 
and language skills for individuals with ASD.  
 

In the following, we summarize some of the key issues involved in the 
development and testing of specific assistive technologies for individuals with ASD. 

 
 

 



 

 

• Proper evaluation and assessment not only occurs at the AT level but must 
also occur at the level of the individual with ASD. An evaluation should 
begin with an emphasis on the individual’s functional capabilities prior to 
the examination of component skill definition and AT system construction.  

 
• Students with ASD may have upper extremity motor control issues that 

affect their ability to appropriately use AT. Fine motor control issues can 
be overcome by use of alternative input devices including large key 
keyboards, head tracking devices, large buttons and switches, and the like. 
Thus, because gross motor skills in children with ASD are sometimes 
better developed, and therefore can be better adapted, this knowledge can 
drive the technology support that is selected and how well the child uses 
and benefits from the technology.  

 
• When instructing a student with ASD on how best to use AT, the visual 

and physical setup should clearly indicate what item does which task. The 
function of each specific task and technology is not always readily 
apparent. When the student responds favorably to a particular aspect of the 
system, it should be explained and demonstrated and the function of each 
as it relates to the tasks to be completed should be reviewed.  

 
Why the orbiTouch Versus Other Keyboards?  
 
As indicated, children with autism oftentimes have limited fine motor skill (Kurtz, 
2007; Green, et al, 2002) as well as visual perception problems (Kurtz, 2006). As a 
keyboard that lends itself well to gross motor skill (vs. fine motor skill in using a 
regular keyboard), the orbiTouch accommodates a physical need of the child with 
ASD. Moreover, the orbiTouch utilizes an alphabetical, color coded, character 
arrangement that aids in remedying visual perception problems. The orbiTouch also 
has mouse capability. However, perhaps its greatest advantage over other keyboards 
is that it removes a major first hurdle of perception in using a keyboard -- “it doesn’t 
scare me”, “the keys are in order” and “I operate the orbiTouch like I would two 
joysticks when playing a video game”. This video illustrates these principles 
through the eyes of a young man with autism: http://www.nsf.gov/ news/News_ 
summ.jsp?cntn_id=115476&org=NSF&from=news. A story on how the orbiTouch 
Keyless Keyboard is being used by persons with autism can also be found at: 
http://www.nod.org/index.cfm?fuseaction=feature.showFeature&FeatureID=1184&
C:\CFusion8\verity\Data\dummy.txt 
 
Objectives 
 
In this research, we investigated the effects of differences in motor skills among 
autistic children on the acquisition of basic skills in human-computer interaction. 
We achieved this by studying the children’s progress in interactions with typing 
software as they use traditional and alternative input devices (i.e., keyboards). Our 
premise is that the existing, standard QWERTY-keyboard has two characteristics 



 

 

that make it particularly difficult to use for children with ASD. First, the keyboard 
requires fine motor skills for the actuation of the keys. Second, the presentation of 
all letters simultaneously, one on each key, with most keyboards having between 75 
and 101 keys, presents a particular challenge to the attention requirements for 
children with ASD, a difficulty also associated with limitations in language 
development among autistic children. 
 
 One of the alternative technologies that we propose to test is the orbiTouch 
Keyless Keyboard by Blue Orb, Inc. (see Figure 1). The orbiTouch is a unique 
alphanumeric AT device that offers individuals a means of typing without the use of 
finger or wrist motion. It is a gross-motor oriented, full-featured keyboard and 
mouse. The orbiTouch is comprised of two domes where the hands rest 
comfortably. The typist creates a keystroke by sliding the two domes into one of 
their eight respective positions. Typists can achieve adequate typing speeds very 
quickly and with very little training. 
 
 This ergonomic keyboard may be used by children with ASD. In fact, the 
orbiTouch Keyless Keyboard has demonstrated promise for users with ASD 
(Williams, 2003). A user with ASD was able to learn and effectively use the 
orbiTouch, typing at a speed of 33 words-per-minute. We believe the orbiTouch 
may be particularly useful for users with ASD as it addresses two critical 
impairments that can be hypothesized to prevent the effective use of the regular 
keyboard and mouse combination: The orbiTouch Keyless Keyboard (a) requires 
more gross rather than fine motor skills for actuation and (b) being chorded, the 
orbiTouch does not present the same high-density display as the regular keyboard. 
Our purpose was to identify if, and how, these differences between the orbiTouch 
and the regular QWERTY keyboard affect interactions with typing skill acquisition 
software. 
 

 
Figure 1. The orbiTouch K eyless K eyboard by B lue Orb, Inc. 



 

 

M E T HOD 
 
In a 2 x 2 between-subjects factorial design, participants were assigned to high and 
low ability groups in motor skills. T hen, one-half of the participants in each cell will 
be randomly assigned to interact with the QWE RT Y  keyboard; the other half will 
interact with the orbiT ouch K eyless K eyboard. Using measurements of motor skills 
we determined the differential effects keyboard type has on performance. 
 
 High Motor Skill L ow Motor Skill 
orbiT ouch K eyboard 22 wpm (n=4) 14 wpm (n=4) 
QW E R T Y  8 wpm (n=4) 7 wpm (n=4) 
 
 
Hypothesis – Effect of keyboard on performance: A significant difference in 
performance will be observed between the groups using the QWERTY and 
orbiTouch keyboards. 
 
Participants 
 
In this research, caregivers of current students in the several Central Florida autism 
schools were solicited for voluntary screening and potential participation in the 
research. Initial selection criteria for inclusion of a child in the screening will be: 
 

• Child’s age is between 8 and 15 years old 
• Telephone screening indicates a minimum level of functioning necessary for   

inclusion in the study 
• Parents/guardians consent to participate in the study 

 
A review of the records indicated that, of the 1,500+ students in the database, more 
than 60% (i.e., 600+) were eligible for detailed screening using the criteria stated 
above. 
 
Based on the assessment of the children’s motor during the detailed screening (see 
below), 16 participants with ASD were selected for participation, fully crossing 
high and low ability groups in motor and language skills, respectively. One-half of 
the participants in each of the four (2 x 2) ability-based cells (i.e., 4 per cell) were 
assigned to interact with the QWERTY keyboard; the other half will interact with 
the orbiTouch Keyless Keyboard.  
 
Each person’s participation lasted approximately 10 hours. The participants were 
asked to complete ten (10) sessions of approximately 1 hour duration twice per 
week, for a total study participation of approximately 5 weeks. 
 
 
 



 

 

Screening and Selection Evaluation 
 
In order to better assess the efficacy of the orbiTouch, it will be important that we 
have a comprehensive overview of each child’s overall functioning. Specifically it 
would be important to be able to identify, at a minimum, the level of motor skill, 
language competency, and social adaptability. Consequently, evaluation of children 
for inclusion in this study included a functional assessment of gross and fine motor 
skills and attending skills that are thought to be useful in distinguishing both high 
and low levels of motor skill competency. 
 
Motor skills assessment 
 
Motor skills will provide a measure of the degree of motoric facility needed to 
control or manipulate the orbiTouch during a given task. We will use a combination 
of items created from the following two detailed assessments: 
 

• The Beery-Buketenica Developmental Test of Visual-Motor Integration 
(VMI) is suitable for ages 3 years old to adult. There is both a full format 
version and a separate motor coordination version. While this test covers 
the entire age range we are interested in, it mostly covers fine motor 
skills, and it requires the child to cooperate in an activity. 

 
• The McCarthy Scales of Children's Abilities contains both fine and gross 

motor skills tests. The sections used for motor skills include items such 
as right-left orientation, leg coordination, arm coordination, imitative 
action, draw-a-design test, etc. While this test covers both fine and gross 
motor skills, the child has to be involved and follow directions, and the 
administration will take longer than in other tests. 

 
In addition, in cooperation with occupational therapists and with ASD specialists, 
we have developed a pre-screening questionnaire for parents, caregivers, and 
guardians. This tool was to be used to determine minimum capabilities for inclusion 
in the detail screening described above. 
 

RESULTS 
 
The orbiTouch typists typing speeds averaged 18 wpm when compared to the 
QWERTY typist’s average typing speed of 8 wpm. Character analysis revealed that 
the eight positions of dome movement on the orbiTouch were for the most part 
proportionally balanced. This finding indicates that no one position was more or 
less difficult to actuate than any of the other positions.  
 
The main effect motor skill was found to be statistically significant, F(1,14) = 
19.67, p < 0.001. Gaining proficiency was much more pronounced in the orbiTouch 
group than in the QWERTY group. Figure 2 indicates the non-linear performance 
for the 10 hours for this research study and beyond of both the orbiTouch and 



 

 

QWERTY keyboards when used by children with autism. Also shown in the graph 
are the average typing speeds and times of non-autistic typing performances.  
 

 
 
Figure 2. L earning curves of children with autism using the orbiT ouch K eyless K eyboard and 
the QWE RT Y  keyboard 

CONCLUSIONS 

The project sets the foundations for improving the ability of individuals with 
Autism Spectrum Disorder (ASD) to access computer-based learning tools by 
studying the differential and combined effects of their motor and linguistic deficits 
on the use of computer input devices. There is an increasing population of children 
with developmental disorders, including ASD. In fact, ASD directly affects 
approximately 0.4% of the population, and it indirectly affects (i.e., parents, 
caregivers, siblings) a much larger number. At the same time, progress in both 
computer technology and assistive technologies for the disabled has created 
opportunities for improving many areas of daily living, including communication 
and education. Thus, an investigation into the interaction of individuals with ASD 
with computers and assistive technology is warranted. Understanding the barriers to 
computer use for individuals with ASD will help to provide new tools to harness the 
power of computing. 
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