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ABSTRACT 

The selection of an input method to allow computer access by persons 

with disabilities is currently done by trained personnel; however, the selection 

process is unsystematic, subjective, and plagued with problems. This research 

has attempted to develop a systematic method, based on objective measures of 

an individual's hand skills, for selecting a computer input device. 

Each input device being considered was evaluated to determine the 

probable basic elements of motor performance which contribute to successful 

operation of the device. Subjects in the study consisted of individuals with 

various degrees of functional limitations of their upper extremities. Subjects first 

underwent a specially-developed motor assessment test designed to measure 

each of the motor functions identified as contributing to the operation and 

control of the input devices. Each subject then performed a series of computer- 

based tasks with each input device. The task itself was a modified target 

acquisition task with the independent variables of target size, target distance, 

mode (button up vs. button down (i.e. point vs. drag moves)), and trial block. 

The participants’ scores on both the assessment test and each device 

were analyzed in order to form the relationships between the two sets of scores. 

Results show that : 

1) By analyzing a prospective input device with respect to the physical 

actions necessary for operation, and comparing an individual's scores on the 

subtests of the motor function assessment which correspond to those necessary 

actions, the test administrator can immediately identify actions which may be 

necessary, but which are extremely difficult or unavailable. If no discrepancies



between the available and required actions exist, then one can conclude that 

the device is operatable by the client. 

2) Where discrepancies do exist between what a client can do and what 

a device requires, the assessment test targets the specific actions which create 

the difficulty. As a result, one can then recommend modifications to the device 

which may lead to the client being able to operate the device. 

3) Finally, the effects of task parameters such as target size, target 

distance, and the effects of practice were determined for persons with different 

levels of hand skill (as measured by the assessment test). In general, persons 

with limited hand skill require only slightly longer to become proficient with a 

device than persons without disabilities. The rank ordering of the five devices 

tested with respect to input rates achievable was the same for persons with and 

without disabilities. Persons with disabilities were, as expected, slower overall 

with each device. In general, the trackball, mouse, and tablet resulted in better 

performance than the keys or joystick, for persons with and without disabilities. 

Persons with limited hand skill were more affected by the task parameter of 

target size on all devices, particularly for button down moves. Regardless of 

disability level, persons generally preferred the trackball over the remaining 

devices, and rated the joystick as being less preferable than the other devices. 

This research not only developed guidelines concerning the five devices 

selected for use in this study, but also serves to demonstrate the feasibility and 

utility of an accommodative aid selection system based on a functional 

assessment of the client's residual abilities. In addition, this research provides 

important information to hardware and software manufacturers regarding 

accessibility issues.
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BACKGROUND AND LITERATURE REVIEW 

m hysically Disabl 

Economic Impact of Unemployment. Based on 1980 census data, 58% 

of all men with disabilities and 77% of women with disabilities are unemployed. 

Of those who are employed, most work only part-time. The 1987 Harris Poll of 

people with disabilities revealed that two thirds of those polled preferred to work 

and did not want to be dependent on public support. This public support 

amounts to an average of $45,000 annually per disabled individual, or over $2 

million over his/her lifetime. {In total, the costs to society of maintaining people 

with disabilities out of employment was over $169 billion dollars in 1986 alone; 

an increase of over 779 percent from 1970 figures. Translated into relative 

terms, the disability expenditures amounted to over 4% of the Gross National 

Product in 1986. For purposes of comparison, 5% of our GNP was spent on the 

Nation's defense. (Sheppard, 1989; Thornburgh, 1990) Clearly, increasing 

employment opportunities for persons with disabilities can be justified 

economically as well as by humanitarian reasons. 

C Technol Nid to the Emo! of P it 

Disabilities. Workers in all types of professions are finding computers 

increasingly useful in performing their daily tasks. Literally thousands of 

software packages are available to perform countless types of tasks in addition 

to computer programming. Very sophisticated word processing programs allow 

the user to produce professional quality documents. Likewise, 

drawing/graphics programs allow the user to rapidly create detailed graphs and 

elaborate drawings. Many software programs are also available to aid in daily



planning and record keeping, such as maintaining a calendar, address and 

telephone records, notes, and memos. However, for persons with disabilities, 

computers can be particularly beneficial. For example, many tasks which 

previously required a significant amount of physical ability can now be 

performed with the aid of a computer, regardless of physical limitations. The 

use of a computer eliminates the need to manipulate papers, files, and other 

printed information sources. It eliminates the need to be able to write, draw, or 

dial a phone. In addition, many programs have been specifically developed for 

individuals with disabilities to help them perform tasks which would otherwise 

be more difficult. For example, programs are available which can control the 

environment of the home or office. The lights, temperature, and practically any 

small electrical appliance can be controlled through the computer (Dickey and 

Shealey, 1987). 

Examples abound of individuals with disabilities performing jobs with the 

aid of a computer which they would otherwise have difficulty performing or be 

unable to perform. For instance, in April of 1989 Newsweek (Rogers, 1989) 

describes four individuals with very different disabilities who are performing 

work of their choice with the aid of a computer. A 31-year-old man with severe 

cerebral palsy, unable to use his arms or legs, is producing elaborate computer- 

aided digital maps. A man who has been blind since birth is a physicist for 

NASA. A 27-year-old man who was a professional musician before being 

paralyzed is now unable to even speak or swallow. However, he uses a 

computer music system to compose and play music by simply moving his head. 

And a 22-year-old quadriplegic is a dean's-list student at the University of 

Miami. All of these individuals are able to accomplish their work with the aid of



computers. The diversity of these examples should serve to illustrate the range 

of different tasks which can be aided by a computer. With a little imagination 

and creativity, a software program can be found and/or modified to aid in 

performing an overwhelmingly wide range of tasks. 

Not only is computer usage beneficial in work environments, it is 

becoming mandatory in many situations. Until recently, most offices contained 

microcomputers and other electronic equipment, but only a small portion of jobs 

required extensive use of such equipment. The equipment was available for 

those who wanted the service, but other ways of accomplishing the same task 

were generally available. However, as office environments become more 

automated, more and more jobs are becoming computer-based. The computer 

and other electronic equipment are no longer tools to aid in accomplishing the 

tasks of many jobs, but rather an integral part of the job. As such, the ability to 

use the computer and other electronic equipment proficiently has become a 

requirement in securing and/or maintaining a growing number of positions. 

Computer Technology as a Hindrance to the Employment of Persons 

With Disabilities. The increased use of computers in the workplace is both good 

and bad news for the disabled community. As illustrated above, the number 

and diversity of positions available which are computer-based and hence do 

not require extensive physical abilities is growing. Such positions would seem 

well suited for many disabled persons whose only limitations are physical. 

However, personal computers and other electronic equipment may themselves 

present barriers to disabled workers. Though the operation of such equipment 

does not require physical abilities akin to those required in many other job 

requirements, computers have not typically been developed with the physically



disabled in mind, and hence are simply not accessible to many individuals with 

physical disabilities. Realizing this, the Federal Government has become 

concerned that the increasing use of electronic equipment in offices will create 

difficulty for current disabled employees and will prevent the hiring of others. 

Specifically, as reported by Vanderheiden (1989), the concern was four-fold: 

(1) that individuals who are in positions in the government could lose their 

positions if the office were automated using equipment which they could not 

use; 

(2) that individuals with disabilities would not be able to apply for jobs in office 

environments with equipment they could not access; 

(3) that individuals would not be able to advance into positions or environments 

which incorporated equipment which they could not access. And finally, 

(4) that citizens with disabilities would not be able to effectively access public 

information systems and services. 

As a means of eliminating the problem before it became extensive, the 

Federal Government has established new acquisition policies for government 

agencies regarding electronic accessibility. 

Government Involvement in Accessibility Issues, In 1986, the U.S. 

Congress re-authorized the Rehabilitation Act of 1973 (P.L. 99-506). In the 

process, a number of revisions were made to the law. One of them, Section 

508, deals with the accessibility of electronic office equipment purchased by the 

Federal Government. Specifically, it states: 

"Federal agencies shall provide handicapped employees and 

non-handicapped employees equivalent access to electronic 

office equipment to the extent such needs are determined by the



agency ... and the required accessibility can be provided by 

industry. In providing equivalent access to electronic office 

equipment, agencies shall consider: 

i. Access to and use of the same data bases and application 

programs by handicapped and non-handicapped employees; 

li. Utilization of enhancement capabilities for manipulating data 

(i.e. special peripherals) to attain equivalent end-results by 

handicapped and non-handicapped employees; and 

‘ili. Access to and use of equivalent communications capabilities 

by handicapped employees.” (GSA, 1988). 

To aid individuals responsible for procuring office equipment, the Act 

also mandates the development of guidelines for use in the acquisition process: 

"Sec. 508. a(1) The Secretary, through the National Institute on 

Disability and Rehabilitation Research and the Administrator of the 

General Services, in consultation with the electronics industry, 

shall develop and establish guidelines for electronic equipment 

accessibility designed to insure that handicapped individuals may 

use electronic office equipment with or without special peripherals. 

(2) The guidelines established pursuant to paragraph (1) shall be 

applicable with respect to electronic equipment, whether 

purchased or leased. 

(3) The initial guidelines shall be established not later than 

October 1, 1987, and shall be periodically revised as technologies 

advance or change.



(6) Beginning after September 30, 1988, the Administrator of 

General Services shall adopt guidelines for electronic equipment 

accessibility established under section (a) for Federal | 

procurement of electronic equipment. Each agency shall comply 

with the guidelines adopted under this section. 

(c) For the purpose of this section the term “special peripherals” 

means a special needs aid that provides access to electronic 

equipment that is otherwise inaccessible to a handicapped 

individual." (GSA, 1988). 

As mandated, the guidelines were developed jointly by the General 

Services Administration (GSA) and the National Institute on Disability and 

Rehabilitation Research (NIDRR) and later after revisions based on solicited 

reaction from “all interested parties", were adopted by the GSA. (Ladner, 1989). 

These and other relevant documents helpful to government buyers were 

published in a guide titled "Managing End User Computing for Users with 

Disabilities". The guidelines provide information regarding what types of 

technology currently exists to aid individuals with different disabilities, 

characteristics of electronic equipment particularly helpful/detrimental for use, 

and other purchase considerations such as installation, training, and system 

configuration. Note that the new regulations do not directly require changes in 

the products, however they require that government agencies purchasing 

equipment take accessibility issues into account when preparing requests for 

proposals. Therefore, the guidelines provide help for the government employee 

stating the accessibility needs in the RFP and provide guidance for industry so 

that future versions of their products can meet the expected needs.



As a result of this federal legislation, private industry is becoming 

increasingly concerned about the accessibility of their facilities as well. Two 

important results are expected. First, office environments in general will 

become more accessible to persons with disabilities as industry more closely 

screens their selection of office equipment for accessibility issues. Also, 

electronic office equipment and computer manufacturers will likely answer by 

attempting to make their products more easily accessible to persons with 

disabilities. As such, research in the area of computer accessibility for the 

physically disabled has become a very important and timely issue. 

lecti f ropri 

Although computer technology has the potential for offering disabled 

individuals greater levels of independence and increased opportunities for 

meaningful employment, the maximum benefit of a computer system can only 

be realized when the individual has an appropriate access system. 

vailable A . In addition to the standard input and output 

techniques available for computer systems, literally thousands of adaptive 

devices and special programs have been developed and are marketed to assist 

disabled individuals in using computers (Berliss, Borden, and Vanderheiden, 

1989; Closing the Gap, 1990). For example, for the physically disabled who 

may have difficulty typing on a standard keyboard, several types of solutions are 

available. For those with only slightly impaired hand and arm control, there are 

a number of keyguards which fit over the keyboard to make the selection of a 

particular key easier. Enlarged keyboards are available for those without the 

coordination and fine discrimination motion needed to select the small keys of a



standard keyboard, and reduced keyboards are available for those with 

severely limited range of motion or with the use of only one hand. For those 

with less hand and arm movement, there are aids which allow the user to select 

keys with a pointer held in the mouth or fixed to a headstrap, and aids which 

allow key selection by activation of a single switch mounted so that any body 

member may activate the switch. For those with less upper body and head 

control, there are methods of inputting information into a computer by simply 

speaking, or systems which monitor a person's eye gaze to determine the item 

on the screen the user is viewing. For visually impaired persons, the 

computer's screen can be magnified so as to be more easily read, or the output 

can be in the form of braille or presented auditorily by synthetic speech and 

other auditory signals. Literally thousands of adaptive hardware devices exist 

which can make computers more easily accessible for persons with all types of 

disabilities. 

In many cases, adaptive hardware must be accompanied by special 

software as well. For example, the user of a headstick or mouthstick would 

ordinarily be unable to press two keys simultaneously, as is needed for 

functions such as capitalizing a letter. Special programs are available which 

allow the user to enter the keys sequentially instead. Because keying with 

many of the adaptive aids can be rather slow, several programs exist which 

help to increase the entry rate. Such programs allow the user to input user- 

defined abbreviations and have the complete words appear. For example, in 

writing a letter, the user may type "address" and the person's entire return 

address appears. Many of these programs also have word-predictive abilities 

which allow the user to type only the first few letters of any word, and the



program completes the word. Indeed, a host of special purpose software is 

available to help disabled individuals interact with computers more efficiently. 

Sources of Information on Accommodative Aids. Despite the fact that so 

many aids are available to provide easier computer access, it is often difficult to 

Know where to begin in finding information about such products and to choose 

those best suited for a particular individual. A number of organizations provide 

services which promote computer access by persons with disabilities. One 

type of organization is an assistive device center. Ideally, such a center would 

maintain a stock of all available aids. The client would work with a trained 

specialist in trying the different aids and selecting the best suited one. 

Unfortunately, few such centers exist. The expense of purchasing the vast 

amount of equipment and employing trained specialists is beyond the budget of 

most programs. Those which dco exist typically are able to stock only a small 

subset of the available products. Some centers have trained individuals to 

assist the client, but others simply provide the equipment for the client to 

"experiment" with its use. Some are able to lend equipment to the client to try at 

home for a short period. But again, because of the expense involved in 

providing these services, such centers are few. 

Another source of information regarding the available hardware and — 

software aids is workshops and conferences. Several conferences contain 

presentations by vendors describing new products and ideas in addition to an 

exhibit area where vendors demonstrate their products and can speak 

individually with conference attendees. Although these conferences may be a 

good source of information, travel to them may not be practical and can be 

expensive. Several organizations also offer workshops/training sessions in



adaptive technology for persons with disabilities. These courses, however, 

typically teach general selection considerations and introduce global product 

descriptions rather than a detailed study of the different products available. 

Another possible source of information on accommodative aids is 

through an electronic bulletin board service (BBS) for computer users with 

disabilities. This type of service offers the unique advantage in that persons 

who currently use or have used the devices listed are often the ones supplying 

the information, and thus one can often communicate directly with a current user 

of the product. But, because the primary purpose of the BBS is not a product 

resource directory, the list of products is generally not comprehensive. 

Perhaps the most feasible solution to the problem of finding information 

on adaptive aids for computer access is a catalogue, or database, listing and 

describing the available aids. Several such databases exist and are reviewed 

in detail in Casali and Williges (1990). They differ slightly from one another 

with respect to range of products covered and organization but are quite similar 

with respect to the type of product information available. Most simply list the 

product name, product class, short narrative description, and vender name and 

address. A few contain information regarding product cost, size, and weight. 

For example, Figure 1 shows both a sample entry from ABLEDATA and a 

similar product entry from Trace Resource Directory. 

Current Method of Assistive Device Selection. Although the current 

databases offer valuable aids to persons attempting to select hardware and 

software which will meet the needs of disabled users of computers, the 

selection process is, nevertheless, difficult and results in varying degrees of 

success. When choosing adaptive computer aids, the goal is to select the most 
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appropriate adaptive hardware and software to aid a person with a given 

physical limitation in performing a predetermined set of tasks. To accomplish 

this goal, one must somehow compare the task requirements of the user with 

the capabilities of the equipment so as to choose equipment which will aid in 

accomplishing those specific tasks. One must also compare the physical 

capabilities of the user with the physical skills required to operate each piece of 

equipment so as to choose equipment which can be efficiently operated by the 

user. 

At present, the approach taken to device selection is primarily 

unsystematic and quite subjective. Although most clinicians administer 

systematic (although subjective) evaluations of muscle strength and range of 

motion as well as tests of hand function, the resulting data are generally not 

used when selecting computer equipment. Rather, the clinician usually 

subjectively assesses the client's skills by watching the client perform these and 

other standardized tests and activities. With this information, the counselor may 

choose aids available at the center for the client to try, until a workable aid is 

discovered. Alternately, the clinician may review descriptions of other types of 

aids, often with the help of one of the available databases, and choose one or 

more products which may appear to be of use to the client. In this manner, 

however, only after purchasing the aid can the client evaluate specific product 

functions and operational techniques and determine if it will indeed meet 

his/her needs. Currently then, success depends on the clinician's expertise in 

assessing the client's functional abilities and task needs, as well as his/her 

breadth of knowledge of the currently available devices (Kondraske, 1988). 
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SAMPLE PRODUCT ENTRY 
Generic Name: 
DISK LOADING SYSTEM 

Brand Name: 

LOAD A DISKETTE SYSTEM 

Manufacturer 
Extensions for Independence, 757 Emory 
Street #514, Imperial Beach, CA 02032. 

Availability: 

Manufacturer 

Cost: 

$14.00 trav; $15.00 bag of 

hangers, 198s. 

Description: 

System designed for persons 

with limited hand funcrion to 
load and unload floppy disks 

into computers. Components: 
Long and short feeder travs, 
wire hangers to create grasp- 

ing surface on edge of disk, 

and a hook attachment tip 
which is compatible with the 

manufacturer’s mouthstick 
(may be adapted for hand 
splints), and a disk storage 

case. The user retrieves a ) modified disk and slides 

itonto the feeder tray w hich is attached to the 

disk drive. 

Identifiers: 

COMPUTERS. 

COMPUTER ACCESSORIES. 

SpeechPad 
Crabapple Systems 
Price: $899.00 

Device Type: dedicated communicator; speech 
output 

Disability: speech 
Computer: n/a 
Requirements: n/a 
SpeechPad is a PowerPad converted to function as 
a portable voice output communication aid. The 12 
inch by 12 inch membrane surface of the PowerPad 
can be divided into a number of squares (16, 64, or 
144), each of which can be programmed to speak a 
given word or phrase when pressed. The systemof 
levels can be used so that each square can speak 
more than one phrase. Different overlays can be 
created for different vocabularies. Vocabulary can 
be either programmed directly onthe SpeechPador 
programmed on an Apple |] computer and trans- 
ferred to the SpeechPad. The SpeechPad system 
is entirely seif-coniained and portable. 

Figure 1. a) ABLEDATA product entry; b) Trace Resource Book product entry. 
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There are clearly several problems with this approach. As described by 

Lee and Thomas (1990),"When only a few options existed, the trial and error 

method, or "trying-on" of access systems was feasible and practical. Now, this 

same approach would be inordinately time-consuming and costly for the 

clinician and fatiguing for the client". Similarly, the choices are far too great fora 

clinician to be personally familiar with the capabilities and requirements for use 

of each. As a result, counselors must rely on manufacturers’ product 

information to become familiar with products. This type of information, however, 

is purely qualitative and not sufficient to ensure selecting a device which the 

client is capable of using. Typically, the only quantitative data describe physical 

size characteristics of the device. Guidelines for strength, speed, vision, 

dexterity, etc., needed for operation are not given. As suggested by Kondraske 

(1988), this is akin to "purchasing clothing from a catalogue without size 

information." Even if detailed product information were available, no 

systematic method exists for equating the results of a physical assessment to 

predicted performance of a device with given characteristics. In addition, the 

assessment of the user's task needs is often incomplete and results in the 

selection of equipment which fails to meet the functions required. Prescription 

of an inappropriate aid may result in inefficient use of the computer system and 

hence lower productivity of the individual, or may even result in the inability of 

the client to use the system at all. Better tools and a systematic method of 

evaluating each product for a particular end user are needed. 

13



4 Systematic / nto Device Selecti 

The need for a systematic approach to device selection has recently 

become widely recognized within the field of computer applications for users 

with disabilities. Most research efforts have focused on developing protocols 

for clinicians to follow when assessing individuals for the appropriate 

technology. For example, Lee and Thomas (1990) describe the Control 

Assessment Protocol (CAP), a step-by-step procedure to be used when 

selecting computer-based technology. The procedure leads the clinician 

through a nine stage process: (1) gather background information, (2) observe 

the client, (3) survey client skills, (4) investigate ideal access system 

characteristics, (5) propose access system, (6) personalize access system, (7) 

set goals for instruction, (8) implement the system, and (9) monitor progress. 

The procedure forces the clinician to systematically consider different control 

options (i.e. direct selection vs. scanning vs. encoding) and control sites (e.g. 

head, hand, etc.) and to include in the decision process other influencing factors 

such as proper seating and appropriate stabilizers. However, the clinician must 

still rely on an unsystematic observation of a client's skills and his/her own 

judgement to determine an appropriate access method. Then, s/he must still 

rely on trial and error fitting to choose a specific device. Similarly, Rizer, Ourand, 

and Rein (1988) describe an approach to selecting computer input methods for 

persons with disabilities. Although these protocols offer a much needed 

systematic global approach for clinicians to follow when selecting adaptive aids, 

they do not offer detailed information regarding the choice of specific 

equipment. 
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A small amount of attention has been devoted to developing techniques 

for helping in the selection of specific devices. For example, Minkel, Zeitlin, and 

Masiello (1988) developed a device to aid in the selection of single switches. 

The device measures an individual's optimal target size and possible actuation 

force. If the analogous information is available for the switches being 

considered (which is not always the case), a match can be made between the 

device and user characteristics. A much more complex example can be found 

in the work of Rosen and Goodenough-Trepagnier (1989). In short, they 

developed a system for choosing an appropriate keyboard-actuated 

augmentative communication board for motor-impaired, nonvocal individuals. 

A specialized assessment board measures a client's ability to choose different 

sized targets located at different distances from one another in a certain amount 

of time. This information is then used by a specially developed program to 

predict client performance (in terms of possible communication rate) on various 

commercially-available augmentative communication boards with differing 

selection key layouts. Combined with other information about the client's needs 

and the boards' capabilities, the system suggests the appropriate 

communication board. 

A Proposed Selection System 

Figure 2 illustrates a systematic approach (as suggested by Casali and 

Williges, 1990) to selecting the most appropriate computer aids for a disabled 

computer user. As shown, the system includes a database containing 

information on currently available hardware and software; a tool for assessing 

the residual abilities of the client; a tool for eliciting information from the client 

regarding task needs assessment; a method to integrate information from the 
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Figure 2. Schematic diagram of the proposed selection system. 

task assessment, the physical capabilities assessment, and the 

hardware/software database in order to select the appropriate combination of 

aids; and an iterative process of usability testing to evaluate the computer aid. 

Hardware and software. The goal of using a computer products 

database is to find and select the most appropriate adaptive hardware and 

software to aid a person with given physical limitations in performing a 

predetermined set of tasks. Although the current databases provide extremely 

valuable information concerning the availability of accommodative aids, they 

provide only a brief description of the functions of the products and generally 

provide no information regarding the physical requirements needed for efficient



operation. As such, it is difficult to predict if a particular product will meet the 

client's specific task needs, whether the product is operable by the individual 

given his/her physical limitations, whether products can easily interact with one 

another, or which of several similar products would be more appropriate. 

Casali and Williges (1990) report the results of a questionnaire administered to 

rehabilitation professionals which strongly support the need for more detailed, 

quantitative information. Although the inclusion of this type of detailed product 

information sounds good in theory, it may be difficult to achieve in practice. 

Because of the vast number of products available, it would simply not be 

feasible for the database maintainers to evaluate each product. For practical 

purposes, this must be done by the individual manufacturers. As a result, the 

evaluation must be simple and quick to perform, and must be standardized so 

that each manufacturer's results are immediately usable by the system. 

Physical capabilities assessment. In order to choose equipment which 

does not require physical abilities beyond those the client possesses, a 

comparison must be made between the client's physical skills and those 

required for efficient device operation. This, of course, requires that the physical 

actions found to be necessary in operating the electronic equipment be 

identified (as described above) and then, that the ability of a client to 

accomplish those actions be determined. 

Physical and occupational therapists have for years used a number of 

functional tests to assess client skills. For example, the Jebsen Hand Function 

test (Carlson and Trombly,1983), Minnesota Rate of Manipulation Test (1957), 

Nine Hole Peg Test (1985), Purdue Pegboard (Tifflin, 1968), and the Box and 

Block Test (Mathiowetz, Volland, Kashman, and Weber,1985) are among the 
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many functional tests of hand and finger dexterity. These tests require the client 

to manipulate objects and are objectively scored (usually in terms of time to 

complete a set of tasks). Although the resulting data are typically used to 

indicate a need for treatment as well as to track client progress in a therapy 

program, the tests otherwise serve primarily to provide the client a standardized 

exercise that can be observed by the therapist. Relationships between 

performance on such tests and performance on a functional activity have not 

been well documented (Mathiowetz, Weber, Kashman, and Volland, 1985). 

Hence, the data are not currently used as an indication of performance on other 

tasks. 

Therapists also use a set of standardized gross muscle evaluation and 

range of motion evaluation tests. The evaluations consist of rating strength and 

range of motion of various movements on a five point scale, using pluses and 

minuses. Therefore, each measurement can be rated one of 15 possible 

values. Again, these tests are also typically used to indicate a need for 

treatment and to track client progress in a therapy program rather than as a 

means of predicting performance on other tasks. 

Several recently developed, more rigorous functional tests which were 

designed to be used by engineers in designing adaptive equipment are 

discussed by Clay (1987), Ward, (1990), and Dryden and Kemmerling (1990). 

The Available Motions Inventory (AMI), for example, quantitatively measures the 

individual's abilities at machine control and assembly tasks. Data is collected 

on a client's abilities with various switches and assembly activities along with 

measures of strength and reaction speed. The AMI has been successfully used 

to predict an individual's performance in an industrial-type job, as well as to 
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indicate areas warranting modification, which in turn lead to better job 

performance. 

Finally, techniques are available to quantitatively measure specific motor 

abilities such as the strength, speed, accuracy, range of motion, steadiness and 

sensory performance of particular muscle groups or body segments. Many of 

these are described by Kondraske (1988), Kondraske, Jafari, and Carollo 

(1988), Kondraske, Beehler, Behbehani, Chwialkowski, Imrnan, Mooney, Pape, 

Richmond, Smith, and Maltzahn (1988), Kondraske (1987), and Kondraske 

(1986). 

Each of the existing test batteries measures different sets of capabilities. 

To determine an appropriate assessment test, it is first necessary to identify the 

abilities needed in operating the equipment being considered, and then 

choose/develop a test which measures those actions. 

Task needs analysis. In order to choose products to aid a particular 

individual, one must first know the tasks that individual wishes to accomplish. 

The directed arrows shown in Figure 2 show that task analysis information can 

be used both to facilitate the selection of the most appropriate accommodative 

device as well as to indicate a need for new hardware and software aids. 

A more structured approach for eliciting this information than that which is 

currently used is needed. The ideal approach would perhaps require the client 

to indicate the type and frequency of tasks to be performed. Office tasks 

constitute the majority of computer-based, information tasks today. At this time, 

however, no accepted detailed standard taxonomy of office-type tasks exists. 

To develop such a taxonomy would require a task analysis of a wide range of 

office-type jobs and a compilation of the results from each. 
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The human factors discipline contains numerous tools for conducting a 

task analysis, whether by objective or subjective techniques such as time and 

motion studies, operational sequence diagrams, critical incidence reporting, etc. 

(Meister, 1985). Most of these tools have not been considered to be particularly 

well suited for analyzing office-type tasks, because they concentrate on 

observable motions and not cognitive functions which traditionally make up a 

large portion of office-type tasks. In this particular case, however, one is 

interested primarily in the physical components of the office tasks, thus these 

task analysis methods would be appropriate. Having compiled a taxonomy of 

the various tasks typically performed in an office situation, the client could 

merely review the list and indicate the frequency with which each task would be 

performed. This approach would result in a more thorough task assessment 

than results from the current methods. 

Selection tool. As shown in Figure 2, the selection of an appropriate 

computer aid includes information related to task assessment, physical skills 

assessment, and the database of available hardware and software 

accommodative aids. Given an appropriate physical assessment test battery, a 

taxonomy of tasks, and a database which contained detailed product 

information, the service provider would have all of the information needed to 

select equipment which would meet the client's needs. One could compare the 

task needs with the function of each device and choose those which provide the 

needed functions. One could then compare the physical skills needed to 

Operate each piece of equipment with the capabilities of the client and choose 

the one(s) which could most easily be operated by the client. 
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Two key elements in such a selection tool, however, are the "link" 

between the description of a client's task needs and the functions of the 

equipment as well as the "link" between the description of the client's functional 

abilities and the operational requirements of the equipment. In order to make 

the necessary comparisons between the client's needs and the functions of the 

equipment, a common language is needed. As mentioned before, a particularly 

attractive method is to create a detailed taxonomy of office-type tasks. This 

taxonomy could be used by manufacturers when supplying the product 

information for their product(s) to the database maintainers. The manufacturer 

would simply review the list of functions for each product and check those that 

are appropriate. The client (or his/her prospective employer) could review this 

same list when indicating the tasks s/he will need to perform. A match could 

then easily be made between equipment functions and user needs. 

Similarly, a common language will be needed when comparing the 

actions required to operate a device with the physical capabilities of the client. 

Again, it would be desirable for each manufacturer to be able to describe its 

own product(s) in terms of the human capabilities needed. The capabilities of 

the client must also be expressed in the same terms. Hence, the end result of 

the physical assessment would be a description of the client's ability to perform 

such actions. Therefore, a taxonomy of “actions” required to operate electronic 

equipment would need to be developed. 

The problem, however, lies in the amount of information to be 

considered. As illustrated by the size of many of the databases, thousands of 

hardware and software devices are available now and the list is constantly 

growing. The time and effort needed to compare the task needs and physical 
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skills of a single client with the capabilities and requirements of each of the 

thousands of products would be impractical. 

The selection system could, however, employ an expert system to 

integrate the information from the needs assessment, physical abilities 

assessment and hardware/software database, as shown in Figure 2. A physical 

assessment and needs analysis would still be administered by a service 

provider. Given this information about the client's needs and physical skills, the 

system would employ a set of rules in searching the database for acceptable 

products. Products which would meet the task and physical requirements of the 

user, and which would be compatible with one another could easily be located 

by the expert system, eliminating the need for the service provider to search the 

database manually and compare product and user characteristics. A brief 

review of the artificial intelligence and expert system literature (Hillman, 1985; 

Bree, 1988) suggests the methods for developing such an expert system 

currently exist. In fact, an expert system which aids in the selection of computer 

input and output aids is currently in development (Behrmann, 1989). This 

system, however, differs from the one being suggested in that Behrmann (1989) 

uses expert's (professional therapists) subjective ratings regarding the 

Suitability of each particular type of equipment for a person in each of several 

disability categories. 

Alternatively, an objective approach would match user needs and 

capabilities quantitatively with device characteristics. The difficulty in 

developing an expert system based on objective comparisons, however, lies in 

specifying the knowledge base needed by the system. Decision rules for 

choosing equipment with certain characteristics for persons with specific 
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characteristics must be developed. A prototype of a small scale selection 

system similar to that described here has been developed (Rosen and 

Goodenough-Trepagnier, 1989) and mentioned earlier. This system includes 

only one particular type of equipment (keyboard-actuated communication 

devices) for only a restricted population of users (nonvocal, physically impaired 

persons). In addition, it uses a specially developed motor skills test in which the 

specific behavior used in operating that type of product is measured. The 

researchers have successfully developed a set of decision rules used to match 

characteristics of the equipment with characteristics of the user and select an 

appropriate communication device. Though the system for choosing 

communication aids is on a much smailer scale, it does serve to illustrate the 

feasibility of creating objectively-based decision rules. Much research will be 

needed to specify the appropriate decision rules for selecting hardware and 

software products for the disabled. 

Usability testing. Williges, Williges, and Elkerton (1988) noted that 

usability testing is an iterative process involving initial design of the computer- 

based aid, formative evaluation of the various computer interface alternatives, 

and a final, or summative, evaluation of the selected aid. These evaluations 

need to be conducted with the actual user of the system while performing 

representative benchmark tasks in the real work environment. The feedback 

arrows shown in Figure 2 represent this iterative usability testing process occurs 

around the selection tool. 

Due to the iterative nature of usability testing, one does not expect to be 

able to select the best accommodative aid at the outset. But, this type of 

selection procedure would certainly narrow the alternatives initially to a 
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workable subset. This subset can be quickly reduced to the single most useful 

aid which matches the requirements of a particular disabled client. By following 

such a rigorous usability assessment procedure, a truly workable computer 

interface can be determined efficiently in which the appropriate accommodative 

computer aid is chosen for the disabled user of the computer. 

Usability testing can also be used to improve components of the entire 

selection process. As shown by the dashed feedback lines in Figure 2, both the 

task assessment and disability assessment methodology can be improved by 

the results of usability testing. In addition, the usability analysis may suggest 

requirements for new hardware and software accommodative aids for the 

disabled user. 

A relatively large body of literature exists on the topic of computer input devices, 

most of which simply reviews the technology and discusses the advantages and 

disadvantages of various devices. Comparatively, only a small portion is 

research oriented, comparing the performance of various cursor control devices 

(e.g. mouse, trackball, joystick, cursor keys, touch pad, light pen, etc.) on 

different types of tasks. Much of this research is summarized in Epps (1986) 

and Greenstein and Arnaut (1989). In both cases, the authors agree that overall 

conclusions are difficult to make regarding the “best” cursor control device in 

terms of positioning accuracy, positioning speed, or subjective satisfaction for a 

given task or environment. Most studies compare only a small number of 

devices and the devices chosen vary widely across studies. Differences in 

experimental methodologies, procedures, and analyses make comparing 

across studies even more difficult. Even when devices and experimental 
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conditions in different experiments are similar, device performance has been 

found to vary between studies. In a particularly well-controlled study, Epps 

(1986) compared performance with six devices on target acquisition, graphics, 

and word processing tasks. For the target acquisition task, the mouse, trackball, 

and absolute touchpad performed best across target sizes and target distances. 

The significant device x target size revealed that the mouse and trackball 

performed best on small targets, the mouse, trackball, and both touchpads 

{absolute and relative mode) performed similarly on medium sized targets, and 

all six devices (mouse, trackball, relative touchpad, absolute touchpad, 

displacement joystick and force joystick) performed equally well on the largest 

target. Comparing results between the three tasks indicates that although 

performance on a target acquisition task does not completely predict 

performance on word processing or graphics tasks, it is a reasonable 

approximation. Task performance times on the target acquisition task were 

highly correlated (Pearson's Product Moment Correlation; r=0.80, p=0.057) with 

performance times on the graphics task, but not with the word processing task 

(r=0.24, p=0.65). 

: and U ith Disabilti 

With the growing popularity of direct manipulation interfaces, choosing 

an appropriate cursor control device is of increasing importance. Not only is it 

important to choose a device that an individual is able to use, but it is also 

important to choose from among those devices, the one which will allow for 

maximum productivity. Although a small amount of empirically-derived 

information is available to guide in the selection of an appropriate input device 
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for nondisabled individuals, this information is of little value in choosing input 

devices for persons with physical disabilities. Electronic pointing devices 

require considerable fine motor control. Therefore, a control device must be 

selected based on the disabled individual's physical strengths and 

weaknesses. For example, although a mouse appears to be the most 

appropriate device for many tasks, persons with limited hand control may be 

incapable of picking up and relocating the mouse on the mouse pad. For such 

persons, the mouse would clearly be an unacceptable choice. Other 

individuals may be able to pick up and move the mouse, but only with difficulty. 

In such cases, a joystick or trackball may prove superior. 

Hence, previous studies in the area of control device selection can serve 

as a guide for determining appropriate research methodology but offer little else 

with respect to selecting control devices for users with disabilities. Many other 

difficulties associated with a disabled individual's use of pointing devices (e.g. 

device contact, stability, feedback, resolution, and fatigue) are briefly discussed 

by Brownlow, Shein, Thomas, Milner, and Parnes (1989). 

Focus and Objectives of the Proposed Research 

This research concerns only a portion of the selection system shown in 

Figure 2. Recall that, in addition to the client and the selection tool, the system 

includes a hardware/software database, a physical capabilities assessment, 

and a task needs assessment. Also critical are the links between the database 

and task assessment and between the database and physical capabilities 

assessment. This research concentrates on the hardware database, the 
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physical capabilities assessment, and the link between the two. In addition, it 

concentrates on only a small subset of hardware: cursor control devices. 

Currently, little or no empirically-derived information exists regarding 

performance of individuals with upper extremity motor impairments with cursor 

control devices. Hence, no data is available to help clinicians choose between 

the various devices, or to develop the decision rules needed by an expert 

system to form the link between a person's capabilities and the selection of an 

appropriate cursor control device. This research has attempted to develop a 

means of predicting performance with a set of computer cursor control devices 

given a description of the device and the results of the individual's physical 

assessment. Hence, both a standardized method of describing the actions 

required in operating these devices and an assessment test to measure the 

ability of individuals to accomplish each of these actions has been developed. 

Empirical tests were conducted to determine if indeed the assessment test can 

predict whether an individual is capable of operating a given device based on 

the detailed, standardized description of that device. In addition, the test should 

be capable of identifying specific areas of difficulty in operating a device, 

thereby suggesting areas where modifications to the device may lead to better 

performance. This ability of the assessment test was also determined. Also, not 

only is it important to be able to determine which devices an individual is 

capable of operating, but it is also important to be able to choose a device 

which will allow maximum productivity. Hence, the ability of the assessment test 

to estimate the level of performance achievable by an individual with a 

particular device was determined. 
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Finally, no evidence currently exists concerning the effects of task 

parameters such as target size and distance or the effects of practice on the 

performance of individuals with disabilities with various cursor control devices. 

The effects of such parameters were also estimated. 
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METHOD 

Subjects 

Both non-disabled and functionally-limited persons served as subjects. 

Ten non-disabled persons from the University community participated. 

Persons currently undergoing therapy at Woodrow Wilson Rehabilitation 

Hospital in Fishersville, Virginia, as well as persons from the Blacksburg and 

surrounding areas served as subjects with physical limitations. Based on the 

expert judgement of trained Occupational Therapists, only persons who would 

be considered as candidate users of such input devices yet who would be 

expected to have limitations which may affect device operation were involved. 

In addition, participants were required to have no detectable cognitive 

impairment. Participant recruiting and screening was performed with the aid of 

occupational therapists familiar with the prospective participants. The resulting 

20 participants were all quadriplegics, but with vastly different levels of residual 

hand and arm functionality. Table 1 describes the level of injury (including 

completeness) and time since injury of the 20 participants with disabilities. 

rim A 

A Macintosh SE was used to present the computer-based tasks and 

record time and error data. Specially developed programs running under 

Hypercard were developed and used. The cursor control devices used were the 

Macintosh SE expanded keyboard directional cursor keys, a Kensington 

Turbomouse trackball, the standard Macintosh mouse, a Kurta 12" x 12" 

graphics tablet, and a Kraft joystick. These particular devices were chosen 

because of their tremendous popularity as well as the range of physical 
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Table 1. Description of Subject Sample. 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

    

Subject No. [Age (years) [Level of Injury |Complete/ | Time since 
Incomplete Injury (yr.) 

1 33 C6-7 C 2.5 

2 42 C5-6 C 1.5 

3 27 C3-4 C 8 

4 18 C5-6 | 0.5 

5 26 C5 C 1.5 

6 64 Cé6 | 11.5 

7 18 C5-6-7 | 0.5 

8 36 C3-4 C 20 

9 51 C5 C 1.5 

10 38 C7 | 0.75 

11 37 C4-5 C 2.5 

12 27 C5-6 | 10 

13 28 C4-5 | 7 

14 34 C5-6 C 4.5 

15 35 C5 C 10 

16 27 C6-7 C 2.75 

17 24 C6-7 | 2.50 

18 36 C6 C 8 

19 20 C6 | 0.25 

20 20 C4 | 1.25           
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capabilities which they require. For each device, the control/display ratio setting 

was chosen based strictly on the manufacturer's recommendations. With 

respect to the Macintosh control panel, the cursor keys were set at the slowest 

possible speed (i.e. tablet speed), the trackball was set at the second slowest 

speed, the mouse was Set at the second fastest speed, and the tablet was set, 

using the device-specific driver software, to absolute mode with an 

approximately 12" x 8" tablet surface mapping directly to the screen dimensions. 

The isotonic joystick was set at tablet speed, but had a built-in gain function that 

was not specified by the manufacturer. 

Experimental Procedures 

Subjects performed a computer-based task (target acquisition task) using 

each of the five cursor control devices. Because the performance with each 

device is likely a function of the physical skills ( i.e. finger, hand, and arm 

movement skills), all subjects also underwent an assessment test designed to 

measure the ability to perform the types of actions used in operating each of the 

cursor control devices. The method for acquiring the computer-based task 

performance data and the physical skills measurements are discussed 

separately. 

vi m 

Experimental Design. To measure an individual's performance with each 

device, each subject performed a target acquisition task with each of the five 

cursor control devices. The experimental design is illustrated in Figure 3. 

Independent variables are device, trial block, target size, target distance, and 

“button mode". 
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Figure 3. Experimental design for the input device performance test phase. 
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The target acquisition task required the subject to move the cursor from 

one target area labeled "start" to a second target area using the cursor control 

device and then confirm the selection by pressing or releasing the select key 

associated with the input device. Each target was square in shape. Target size 

had four levels: 0.27, 0.54, 1.07, and 2.14 cm side. Target distance had three 

levels: 2, 4, and 8cm. These target sizes / distances are representative of the 

range typically encountered in graphics and word processing task 

environments (Epps, 1986). Button mode (or select mode) had two levels: 

button up and button down. (Note: a simultaneous button down and move is 

often referred to as a “drag"). Required direction of movement was randomized. 

Each trial block consisted of 1 selection of each of the target size x target 

distance combinations (3 x 4), for a total of 12 target selections. Half of 

the trial blocks required button up moves while the other half involved button 

down moves (drags). In order to reduce the length of testing as much as 

possible (due to the possible endurance limitations of many of the subjects), the 

fewest number of blocks needed to reach asymptotic performance was used. 

Epps (1986) reports that performance with each of six different cursor control 

devices was asymptotic after 1 trial block (40 target trials) on a target acquisition 

task. Similarly, Arnaut (1986) found that performance with a touch tablet was 

stable after approximately 36 - 40 target trials. The time required for 

performance to asymptote for users with physical limitations has not been 

estimated and may vary from that of non-impaired users. Hence, 6 blocks of 12 

trials (or 72 trials) were used for each button mode, virtually assuring asymptotic 

performance while testing time was maintained at a reasonable level. 
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As mentioned previously, the cursor keys, Turbo Mouse, standard 

Macintosh mouse, Kurta graphics tablet, and Kraft joystick were tested. In 

addition, the mouse was available in three configurations: off-the-shelf, modified 

with a strap handle (or used in a manner which does not require lifting the 

mouse off of the mousepad), and modified with a toggle-type button (via the 

toggle up / down keys associated with the directional arrow keys on the 

keyboard). The strap handle aids those individuals who have difficulty picking 

up and moving the mouse, while the toggle button aids those who have difficulty 

holding down the button and sliding the mouse (i.e. dragging). In addition, the 

tablet was also available in two configurations: the standard configuration, and 

with a strap to fit around the individual's hand. This strap securely attaches the 

stylus to the user's hand, and thereby eliminates the need of the user to firmly 

grip the stylus. Each individual with a disability first attempted to use the 

standard configuration of each device. If s/he was unable to use it comfortably 

(as determined by both the participant and the experimenter), then s/he tried the 

alternate configurations available, but each individual only used one 

configuration of each device for actual testing. Hence, device has five levels. 

Dependent Measures. The primary dependent measure was task 

completion time (measured in hundredths of a second) per target acquisition 

trial. In the case of button up moves, timing began when the cursor first crossed 

the starting target boundary (leaving the start target) and ended when the 

subject correctly “clicked” within the second target area. Feedback was 

provided to the user by having the start target become highlighted when the 

cursor entered the start target area, and the final target became highlighted 

when the user correctly "moused up” inside the final target. If an incorrect 
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selection were made (i.e. if the participant presses the select key when the 

cursor is not properly placed 

inside the second target), the user simply repositioned the cursor and pressed 

the button a second time. Target acquisition time includes the entire time from 

leaving the start target to correctly selecting the second target. The number of 

selections occurring outside the second target is also recorded. 

For the button down move, timing began when the subject "moused 

down" inside the starting target and ended when the subject "moused up” inside 

the final target. Feedback was provided by having the start target become 

highlighted when the user correctly moused down inside the start target area, 

and the final target became highlighted when the subject "moused up” inside 

the final target area. If the participant incorrectly "moused up” (i.e. s/he released 

the button before the cursor was properly placed inside the second target), s/he 

had to return to the start target and Lgain “mouse down” inside the start target 

and move to the second target again. Timing included only the time between a 

mouse down and a correct mouse up. However, the number of erroneous 

attempts was also recorded. 

In addition to this objective measure of task performance, subjective 

evaluations of each input device used were assessed. Bipolar rating scales 

concerning the acceptability of a device were administered following 

completion of the target acquisition task with each device. After all devices had 

been used, rating scales were administered in which the subject ranked the 

devices with respect to several criteria of acceptability. An example of the 

bipolar rating and ranking scales is shown in Appendix C. 
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Pretecol. Each subject was tested (on the computer task) eitherina 

single session, or over multiple sessions depending on the subject's schedule 

as well as endurance limitations. Presentation order of the devices was 

balanced using a Latin Square design. Each subject was “pretested" with each 

mouse and tablet configuration just prior to actual testing with the device, and 

only the best configuration was tested for each person. The first session began 

by having the subject read and sign an informed consent form (Appendix A), 

read a task description (Appendix B), and review the subjective rating scales 

(Appendix C). S/he then received instructions for the first input device to be 

used (Appendix D). S/he received a practice trial during which s/he could (with 

the experimenter’'s aid) reposition him/herself or the device such that it was 

most comfortable. Next, actual testing began. S/he performed six blocks of the 

target acquisition task in both the button up and button down modes (button up 

trials blocks and button down trials alternated in terms of which was presented 

first). Within each trial block, presentation order of the 12 target selections was 

randomized. Following completion of the task with the first device, the subject 

responded (either orally to the experimenter or written directly on the rating 

form) to the subjective rating scales. This procedure was then repeated for the 

remaining devices being tested. Following completion of the task with the last 

device, the subject responded orally or in written format to the subjective 

ranking scales. Subjects were allowed to rest between each trial block, and 

were encouraged to rest between testing of different devices. 

Physical Skills Assessment 

Assessment Test Selection. Several of the assessment procedures 

described previously were reviewed to determine their appropriateness for this 

36



particular application. First, the subjective strength/range of motion evaluation 

was considered. This technique, which is used extensively by occupational and 

physical therapists, consists of rating strength and range of motion of various 

movements on a five point scale, using pluses and minuses. The advantages of 

using this evaluation as an indication of computer input device performance are 

many. First, the evaluations are standardized and used by practicing clinicians 

across the country. Therapists are well trained on and have received extensive 

practice performing the evaluations. In addition, using these evaluations would 

have the added advantage in the future of not requiring a clinician to learn a 

new evaluative technique, of not requiring the time to administer an additional 

test to the client, and of not requiring the purchase of additional, expensive 

equipment. However, measurement of individual muscles and joint range of 

motion are likely not an adequate indicator of functionality due to the ability of 

an individual to substitute control from the more likely muscle groups to a more 

controllable group of muscles (McPhee, 1987). For example, an individual who 

has no controllable movement of the fingers would be unable to operate a 

trackball in the typical fashion, however, s/he may instead use his/her palm as 

the point of contact and move his/her arm about the shoulder to roll the ball. To 

predict performance based on this evaluation would require the counselor to 

consider ail possible strategies of performance. Hence this test was not 

considered appropriate. 

As described previously, a number of functional tests designed to assess 

an individual's ability to manipulate objects with the hands exist and are 

frequently used in the rehabilitation process . A number of these were carefully 

reviewed. After identifying the motions and actions required to operate each of 
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the input devices it was determined that none of the tests reviewed would 

efficiently measure the actions required for operation of the input devices. For 

example, one particular problem noted was the fact that virtually all subtests of 

the functional hand tests require the individual to grasp and move objects. 

However, the ability to grasp objects is not required to operate either the cursor 

keys or the track ball. An individual lacking the ability to grasp and move 

objects would be incapable of completing the majority of these tests, but may be 

quite capable of operating the cursor control devices. Hence, these tests do not 

appear to be sensitive enough in the lower-levels of physical hand/arm skills to 

differentiate between individuals with differing abilities to operate the cursor 

control devices. 

Several of the better known, more engineering-oriented assessment 

procedures were also reviewed. Although both the Available Motions Inventory 

(AMI) and Workability contain subtests which may be applicable, both also 

include a majority of tests which are likely unrelated to the actions needed in 

controlling cursor control devices. The tests are also extremely equipment- 

intensive. Hence, the use of these tests would also not be efficient or cost 

effective. 

As a result, a new assessment test was developed which measures the 

specific actions needed when operating cursor control devices and contains 

elements which differentiate between individuals with extremely limited hand 

skill (i.e. little or no finger or manual dexterity) yet are still able to perform 

functional activities with the upper extremities. In addition, this test was 

developed such that the results are directly usable by a selection system such 

as that described previously. As mentioned before, such a selection system 
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requires that a common language be available for describing the action needed 

to operate a device and the physical capabilities of the potential user. Because 

it would be desirable for each manufacturer to provide the description of their 

own product(s), this language should not be based on a physiological 

description of the necessary motor control involved. Rather, it should be based 

on simple, observable actions needed to operate a device. Also, the 

terminology used to describe these observable actions must be standardized 

and available to the evaluator. Therefore a taxonomy of actions required in 

operating such devices was first developed. The assessment test was then 

developed such that it measures the ability to accomplish (and the resulting 

degree of proficiency) each of these basic actions. Note, because such a test 

measures the ability to accomplish a given action rather than the ability to 

perform a particular motor skill, the test's predictive power is not limited by the 

fact that persons with disabilities often use different means for performing an 

action. 

Therefore, each input device being considered was first analyzed with 

respect to the actions needed for operation. A taxonomy was developed to 

categorize these types of basic actions. A subtest was then developed to 

measure the ability to accomplish each of the actions necessary in operating 

the cursor control devices being considered. 

Assessment Test Administration. The assessment test was administered 

to the functionally-impaired subjects as well as the nondisabled participants. 

This test was conducted either on a separate day (either preceding or following 
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the computer input task performance day(s)) or during one of the computer task 

sessions. 
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DATA ANALYSIS AND RESULTS: ASSESSMENT TEST DEVELOPMENT 
AND DEVICE PERFORMANCE PREDICTION 

Device Operation Actions Reaui analvsis and / I 

Development 

Because the overall objective of the assessment test is to measure an 

individual's ability to accomplish the actions used in operating the five devices 

considered in this study, it was first necessary to identify these "necessary 

actions" and construct a taxonomy describing these actions. 

Each of the cursor control devices was carefully analyzed to determine 

what basic actions were required when operating the device in a standard 

manner. Visual motion analysis (Niebel, 1982) was performed, which involved 

observing others, as well as operating each of the devices personally, while 

performing a benchmark cursor control task (i.e. the same task as used when 

testing the subjects on each device and described previously in the methods 

section). The physical actions used while performing the task with each of the 

devices were identified. Rather than use the entire 17 basic actions of time and 

motion study (i.e. therbligs), only a subset were considered. Specifically, those 

elements which relied on physical actions were included, while the mental and 

delay elements (i.e. search, plan, rest, hold) were not considered to be 

pertinent. In addition, some of the remaining elements were combined. It was 

not felt to be necessary to decompose the actions to the level actually 

obtainable using this approach. Hence, a “move” in this application refers to the 

entire process described in therblig notation as "grasp", "move", "release”. The 

resulting six actions are shown in Table 2. One key factor to note is that the 

actions are expressed in terms of the resulting condition of the object being 
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acted on, not in terms of the motion or the actual appendage causing that 

action. This is because the action should be independent of the means by 

which it is accomplished. In other words, the method used to accomplish an 

action is irrelevant. The important criteria is whether or not an individual has the 

skill (using whatever body part or aide is necessary) to accomplish a given task. 

For example, an individual would be judged to be able to complete a "slide" 

action regardless of whether s/he used his/her fingertip or the tip of a mouthstick 

to actually contact and move the object. 

Once the elementary actions required in using the five devices were 

identified, they were organized into action categories, and appropriate 

descriptors for each category were identified. Table 2 also shows the 

appropriate descriptors for each of the six action categories. Note that not all 

possible descriptors are included for each action category. For example, 

"distance of move" is an important attribute of the action "move". However, in 

order to keep the length of the testing time to a reasonable level, certain 

assumptions regarding the relationships between the actions had to be made. 

In this case, for example, it was assumed that if a person can reach long 

distances (as measured by the "reach" subtest), and s/he can move an object a 

short distance (as measured by the "lift/move” subtest), then s/he can move that 

object a long distance. Therefore, distance is not varied in the move action. 

Admittedly, such assumptions are not always 100 percent correct. However, if 

such assumptions are not made, and hence each action had to be tested using 

every possible combination of all relevant descriptors, the amount of time to 

administer the test would very quickly expand to an unreasonable length. 
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Once the action categories and appropriate descriptors were identified, 

appropriate levels of each descriptor to be tested were determined. The levels 

used were not merely those found to be present with each of the five devices. 

Rather, a representative sample of what was thought to be the most probable 

range for each descriptor for each action in a wide variety of tasks was selected. 

Note that only a small number of levels for each descriptor were included. As 

before, these were kept to a small, yet representative sample in order to 

maintain the resulting testing time at an acceptable level. Hence, Tables 3 thru 

6 show the levels of each descriptor to be tested for each of the action 

categories. Note, the actions "repetition speed" and “reaction time” do not have 

additional descriptors. 

Once the actions and descriptors were identified, a subtest was 

developed which mimicked the action and appropriate level of each 

corresponding descriptor. Tables 3 thru 6 also show the subtest name 

associated with each of the actions and descriptor levels. A total of 39 subtests 

were developed. 

For the assessment test to actually be considered usable by occupational 

therapists and other clinicians, the overall test had to meet several objectives. 

As mentioned before, the final assessment test must not be considered 

unnecessarily lengthy to administer. Therefore, the number of subtests as well 

as the time to administer each subtest (and therefore the number of repetitions 

measured for each subtest) was kept to a minimum. Also, the test must be easy 

to construct, requiring little or no expensive equipment. Therefore, the test 

materials actually used consist of simple paper targets, small wooden and metal 

blocks, small metal weights, and wooden templates. The test should be easy to 
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administer, and require no special knowledge of the administer. Therefore, 

standardized instructions were developed, and performance was measured 

using a simple digital stopwatch. 

The complete instructions for construction, expansion, administration, 

and interpretation of the results of the Virginia Engineering Assessment 

Center's Small Parts Manipulation Test are contained in Appendix F. 

Therefore, only a very brief description of the actual assessment test will be 

given here. As shown previously in Tables 3-6, six action classes are tested: 

reach, slide, lift/move, place, repetition speed, and reaction time. For the first 

four actions, several similar subtests are included to measure the same action, 

but at differing levels of the relevant descriptors. For example, in the action 

"reach", eight subtests measure the ability to reach targets of various sizes and 

at various distances. The actual test requires the client to touch targets (of 

different sizes at different distances) drawn on a piece of paper. The person's 

ability to perform the action is measured in terms of the time necessary to 

complete the sequence a predetermined number of times while maintaining a 

given level of accuracy (i.e. not touching outside of the targets). Similarly, the 

slide subtests require the client to slide a small wooden block on a flat tabletop 

and position it into targets of varying sizes. The lift/move test, containing 14 

subtests, requires the client to move objects of different sizes, shapes, and 

weights from one side of a partition to the other side. The place subtests require 

the client to place objects of different sizes and shapes into holes of the same 

size and shape (i.e. requiring fine placement of the object). Finally, repetition 

speed measures a person's ability to repeatedly tap a small target, and of 

course reaction time is the speed with which and individual can remove his/her 
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finger (or other appendage or aide) from a target when presented a simple 

stimulus. For a complete description of the assessment test, including the 

standardized instructions given to the client, the performance measures taken, 

and the equipment used, please refer to Appendix F. 

As mentioned previously, many more subtests were constructed than 

what is actually needed to represent the precise actions needed in operating 

the five devices of interest in this study. This was done because these action 

classes constitute the majority of actions needed in many light deskwork and 

computer-related tasks. Therefore, the assessment test can likely be used “as 

is" when considering other tasks. In addition, the same procedure as used to 

construct this set of subtests can easily be followed to construct additional 

subtests if other devices or tasks requiring actions not measured by this set of 

subtests are needed. The user's manual for the assessment test (Appendix F) 

describes the procedures for using this assessment test to evaluate other 

devices which use a subset of those actions represented by this test, as well as 

the procedures for expanding the test to include additional subtests to measure 

other actions which are required in operating different types of devices. 

Table 7 shows which subtests (and hence which actions and descriptor 

levels) are thought to be essential for the operation of each of the five devices 

considered in this study. Each of the 39 subtests is listed along the left-most 

column. For each device, an "x" in the appropriate row indicates that the action 

and descriptor levels represented by that subtest are thought to be necessary in 

operating the device. Hence, performance on each of the input devices should 

be a function of the performance on each of these “relevant subtests". 
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Table 2. Action Categories and Associated Descriptors. 

  

Action Category 

reach 

slide 

lift/ move 

place 

repetition speed 

reaction time 

riptor 

target size 
target distance 

resistance 

target size 

object size 
object shape 
object weight 

object size 
object shape 

  

Table 3. Action Categories and Descriptor Levels - Reach. 

  

Reach Target Distance (in.) Target Size (in@-) 
Subtest (center to center) 

R1 
R2 
R3 
R4 
R5 
R6 
R7 
R8 —
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Table 4. Action Categories and Descriptor Levels - Slide. 
  

  

Slide Resistance Target Size (in2-)" 
Subtest 

$1 low 2 (exact positioning) 
$2 low 3 (fine positioning) 
$3 low 4 (gross positioning) 
S4 high 2 (exact positioning) 
$5 high 3 (fine positioning) 
S6 high 4 (gross positioning) 
  

* Because the object size is 2"x2", target sizes of 2, 3, and 4 in@ represent exact, 
fine, and gross precision positioning, respectively. 

Table 5. Action Categories and Descriptor Levels - Lift / Move. 

  

  

Lift/Move Object Size Object Weight* 
Subtest & Shape (ounces) 

L1 1/4" cube - 
L2 1/2" cube - 
L3 1" cube 1.5 
L4 1" cube 3 
L5 2” x2" x 1 3/4" 3 
L6 2" x2" x 1 3/4" 6 
L7 2" x2" x 1 3/4" 10 
L8 3" x3" x 1 3/4" 3 
LQ 3” x3" x 1 3/4" 6 
L10 3” x3" x 1 3/4" 10 
L11 1/4" dia cylinder - 
L12 1/2" dia cylinder - 
L13 1" dia cylinder - 
L14 1" x 1" x 1/8" flat square - 

  

* No entry indicates that the weight is simply that of the object. 
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Table 6. Action Categories and Descriptor Levels - Place. 

  

  

Place Object Size 
Subtest & Shape 

P1 1/4" cube 
P2 1/2" cube 
P3 1" cube 
P4 2" x 2" x 1 3/4" 
P5 3" x 3" x 1 3/4" 
P6 1/4" dia cylinder 
P7 1/2" dia cylinder 
P8 1" dia cylinder 
P9 1"x 1" x 1/8" flat square 
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Table 7. Subtests Relating to the Operation of Each Device. 

Subtest Mouse Ball Keys Joystick Tablet 

R1 X X X X 

R2 X X 

R3 X X 

R4 

R5 

R6 

R7 

R8 

$1 

S2 

$3 

$4 

S5 

S6 

Lt 

L2 

L3 

L4 

L5 

L6 

L7 

L8 

L9 

 



P5 

P6 

P7 

P8 

Pg 

Repetition 

Reaction 
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Assessment Test Validation 

Before attempting to use the results of the assessment test to predict 

whether an individual with a disability can or cannot operate a given device, 

and what performance levels can be expected when using that device, an 

analysis was first conducted to estimate the extent to which the test is valid. 

Specifically, it is desirable to determine whether the actions that were identified 

as being important ones in the operation of each device were indeed 

necessary, and if the set identified is inclusive of all of those actually necessary. 

Also, it is desirable to determine if each subtest adequately measured the 

intended action. However, the two are naturally confounded. Therefore, this 

analysis estimates whether performance on the subtests which are thought to 

be representative of the actions needed in operating a given device are indeed 

related to the performance with the corresponding device. A series of 

regression procedures has been used for this analysis. For the analysis, only 

the data from the nondisabled population sample are considered. Although the 

same actions are required of the individuals with disabilities, the motor 

performance of these individuals varies greatly from one another, and from that 

of the nondisabled subjects, specifically in terms of the percentage of time spent 

on each of the actions. For example, if for a given individual one action were 

particularly difficult, s/he may spend 50% of the time while using a device to 

perform that action, while other individuals may only spend 10% of the time 

performing the action. Hence, the relative importance of each of the actions 

may vary greatly for people with disabilities, but should be approximately the 

same for a group of persons with similar motor skills. Hence, a regression 

approach using a group of individuals with disabilities would be inappropriate. 
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Input Device Composite Performance Measure. Prior to the regression 

analyses, a single measure of performance for each of the input devices was 

formed. In order to form a single measure which is representative of true 

performance, the target acquisition time (TT) data was first analyzed across trial 

blocks to determine the learning effects associated with each device. In this 

way, the single measure of performance for each device would include only 

those trial blocks where asymptotic performance had been realized. 

Because the number of trial blocks required to reach stable performance 

may be different for persons with motor impairment than for those without, 

separate analyses were conducted on the data from each group. (Note: a single 

analysis using "group" as an additional independent variable is not feasible 

because the sample sizes of the two groups are unequal; nN(nondisabled)=10, 

N(disabled)=20.) An analysis of variance (ANOVA) was performed on the cursor 

control device (5) by target size (4) by target distance (3) by mode (2) by trial 

block (6) model for the target acquisition time dependent measure, for both 

groups, specifically to assess the trial block main effect, and the trial block by 

device interaction. Results show that for both the nondisabled and disabled 

groups, the trial block main effect was significant (F(5,45)=7.69, p=0.0001; 

F(5,95)=25.35, p=0.0001, respectively). For only the disabled group was the 

Block x Device interaction significant (F(20, 380)=1.89, p=0.0122). Post-hoc 

comparisons using the Tukey test was performed on the block main effect for 

both groups to determine the trial block at which asymptotic performance was 

attained (Table 21, Appendix G). For the group with disabilities, performance 

was stable after block 1 (which was actually the second block performed - 

including the practice trial). Performance stabilized slightly quicker for the 
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group without disabilities, reaching asymptotic levels after just the practice trial. 

The results of the post-hoc comparison, again using the Tukey test, for the 

Device x Block interaction for the disabled group is shown in Table 22, 

Appendix G. Performance stabilized most rapidly for the trackball and mouse, 

but for each of the five devices, performance was stable by the end of trial block 

1. Therefore, the composite measure of device performance includes only data 

from trial blocks two through five, and is computed as the mean target 

acquisition time (TT) collapsed across all independent variables, for blocks two 

through five. 

Validation, Ideally, the validation analysis would take the form of five 

separate multiple regressions {one for each of the five input devices), in which 

the dependent variable would be the composite measure of input device 

performance (i.e. mean task completion time across all other independent 

variables) and the regressors would be the scores on the 39 subtests. Then, if 

the assessment test were valid, the scores on the subtests which were thought 

to be important for a given device should be significant regressors in the 

equation for that device. However, an analysis using all 39 subtest scores as 

regressors is not possible, given that only 10 observations (i.e. only 10 

nondisabled subjects participated) are available. In fact, a multiple regression 

using only those subtests which were thought to be relevant are not possible for 

either the mouse or the tablet, because the number of relevant subtests (and 

hence the number of regressors) is larger than the number of observations. 

Therefore, for each device, 39 simple regressions were performed, one 

equation for each of the 39 subtests, using the REG procedure in SAS (SAS, 

1986). Table 8 shows the results of the set of simple regression analyses. The 
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outlined boxes indicate, for each device, those subtests which were thought to 

be important in the operation of that device. (This is identical to the information 

given in Table 7 by placing an "x" in the box). The numerical entries in the table 

represent the level of significance of the associated test. Note, only those boxes 

representing a subtest which was identified as a significant regressor 

containthe significance level. Otherwise, where no numerical entry is present, 

the test did not indicate the subtest to be a significant regressor. 

Note that a majority of the outlined boxes also contain numerical entries. 

Hence, the majority of the subtests which were thought to represent necessary 

actions were indeed found to be significant regressors. The fact that several 

other subtests were shown to be significant regressors should cause no alarm. 

Many of the subtests were naturally correlated with one another, hence those 

“nonrelevant" subtests which were correlated with "relevant" subtests would be 

expected to be significant regressors. However, significance does not imply 

any causal relationship between a subtest and the device performance 

measure. There were, however, many instances where a subtest was thought 

to represent a necessary action, but did not prove to be a significant regressor. 

With only ten observations, however, this should also not be alarming. Given 

the resulting low power of the tests, the fact that so many of the "relevant" 

subtests were identified as being significant is quite encouraging. However, in 

the case of the "slide" action and the six associated subtests (S1-S6), in no 

instance was a slide subtest which was thought to be relevant actually identified 

to be a significant regressor. This leads one to question the slide subtests 
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Table 8. Subtests Relating to the Operation of Each Device and the 
Significance Level of the Subtest as a Regressor. 

Subtest Mouse Ball Keys Joystick Tablet 

R1 0.0679 0.0452 0.0504 

R2 0.0073 0.0414 0.0502 

R3 0.0165 0.0429 

R4 0.0118 0.0231 . 0.0337 

R5 0.0221 0.0192 0.0456 

R6 0.0090 

R7 0.0403 0.0111 

R8 

S1 

S2 

$3 

$4 

$5 

S6 

L1 

L2 

L3 

L4 

L5 

L6 

L7 

L8 

L9  



P 1 0.0333 0.0070 0.0444 

P2 

P3 

P4 

P5 

P6 

P7 

P8 

P9 

Repetition 

Reaction 0.0073 0.0488   
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themselves (refer to Appendix F for a detailed description of the subtests). 

Reviewing subject videotapes confirms that subjects had a difficult time judging 

when the block was correctly placed inside the target area. Subjects varied in 

their self-established criteria for successful placement (regardless of 

instructions from the test administrator), and hence some took additional time to 

position the block needlessly. Thus, it appears that the slide action is quite 

likely a necessary action for several of the devices, but that the test did not 

measure one's ability to accomplish that action with the necessary level of 

precision. Instead, the test was contaminated by not including a more objective 

method to indicate successful placement, and hence performance on the slide 

subtests was not shown to be related to device performance. This is not to say 

that the results of the slide subtests are not at all related to device performance, 

but rather that the relationship is not strong enough to appear in these tests. 

Therefore, the slide subtests should not be discarded in the subsequent 

analyses, but rather be viewed with some caution. 

Next, multiple regression equations were generated describing the 

performance of each input device in terms of only those regressors which were 

predicted to be "relevant" and were also shown to be significant regressors in 

the simple regression analyses. The results are shown in Table 9. Considering 

that only 10 observations were available, and thus the power of the tests was 

quite low, the resulting R@ values for the multiple regression equations is 

remarkably high, particularly for the trackball, keys, and tablet. Thus, despite 

the fact that not all subtests which are considered to be “relevant subtests" were 

shown to be significant regressors, the large number which were, along with the 
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Table 9. Multiple Regression Equation for Each Input Device 

  

  

  

  

  

    

Device Equation R2 |p 

mouse Perf = 1.3035 +1.0863R2+0.1539R4-1.3899R5+0.1686R7_|.77 | 0.0734 

trackball Perf = 2.2497+0.0673R1+1.2228R2+0.7536R4-2.2259R5 |.85 10.0253 

keys Perf = -10.9645+0.5699R1+0.3764R3+38.0016React .86 0.0055 

joystick Perf = -3.2975+0.3663R3+20.2439React 52 | 0.0724 

tablet Perf = 0.4630-0.2462R1+0.5427R2+0.0472R4-0.2849R5 |.98 | 0.2424         +0.3775R6-0.1958R7+0.2406L11-0.1627P7 
  

high predictive power of the multiple regression equations strongly suggests 

that the assessment test as a whole does indeed measure the appropriate 

actions, and that the subtests sufficiently measure those actions. Although 

specific areas of improvement are apparent (and will be elaborated upon in the 

Discussion section), the test, nonetheless, should serve the purpose of 

providing an indication of whether a person with a disability can use a given 

device and the level of performance which can be expected. 

m - Devi n 

Given that the assessment test has been shown to adequately measure 

one's ability to accomplish the actions used in operating the five input devices 

considered in this study, the next phase of the analysis was to determine 

whether an individual's scores on the subtests can indicate whether s/he can 

operate a device, and if it is shown that s/he can not, the test should indicate 
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where device modifications or aids can be provided which would then allow the 

individual to use that device. 

Score Normalization, To make both the device performance scores and 

the assessment test subtest scores more intuitively meaningful, both sets of 

scores were first normalized with respect to the mean of the nondisabled 

population. First, the mean score on each of the five input devices for the group 

of nondisabled subjects was calculated (using the single measure score for 

each subject as generated previously). Then the single measure score for each 

device for each participant (both nondisabled and disabled) was converted to a 

“percent normal" score (i.e. original single measure score divided by the mean 

nondisabled score times 100) . The same procedure was used to normalize the 

scores on each of the 39 subtests. In this manner, each score itself carries 

immediate meaning (i.e. low scores are immediately recognized as low, and 

high ones as high), and also the relationship between the scores on the devices 

and the scores on the "relevant subtests" should be apparent (i.e. low scores on 

a device should correspond to low scores on the “relevant subtests"). 

Objectives 1 and 2, The first objective of the assessment test was to 

predict whether an individual would or would not be capable of operating a 

given device. However, subjects who were selected to participate in this study 

by the WWRC staff were ail able to use three of the five devices in the standard 

configuration of each, and were all able to use the remaining two devices in 

either the standard or alternative configurations. Although the staff chose 

participants who they felt would be candidate users of these devices, but who 

may have difficulty using the devices, all participants were quite successful 

using each device in either the standard or modified configurations. This 
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provides overwhelming evidence suggesting that even simple modifications to 

devices can make them usable by people who would ordinarily be considered 

unable to use the device. However, it also makes establishing strong 

conclusions concerning the low-end, or cut-off scores on the assessment tests 

which are needed in order to predict that a person can operate a device more 

difficult to make. Nonetheless, guidelines can be generated from the results. 

Each of the twenty participants was able to use the trackball, keys, and 

joystick without modification and with just their own standard aids. Note that 

participants were allowed, and in fact encouraged, to use a u-cuff and stylus in 

operating the devices and in performing the assessment tests if they typically 

used the aid in other tasks. Because of the popularity of this aid for such a large 

variety of tasks, it was not considered to be a "modified" means of use. 

In addition, the joystick was originally available in what was to be 

considered the “standard” configuration, where the button was located on top of 

the joystick handle itself. Aliso, an alternative configuration was provided for 

those who were unable to hold the button down and move the stick 

simultaneously, in which the toggle-type "button down" and "button up” keys on 

the keyboard were available to replace the button on top of the joystick, 

particularly in button down moves. However, it was noted that nine of the 10 

nondisabled participants elected to use the keyboard keys rather than try to 

hold the joystick button down while moving the stick. Therefore, the inability to 

use the joystick in what was originally considered the “standard” method was 

not considered to be due to a physical limitation, but rather to a design flaw in 

the joystick itself. Therefore, the use of the keyboard keys with the joystick was 

considered the "standard" method. 
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As noted, none of the twenty participants with disabilities were unable to 

use the trackball, keys, or joystick. Therefore, reviewing the scores on the 

“relevant subtests” for each of these 3 devices should indicate good 

performance by all participants. In the case of the trackball, there are 8 subtests 

identified as representing important actions in using that device (see Table 7 for 

a review of these actions). In no instance was any participant unable to perform 

any of these 8 subtests. in addition, none of the 20 participants performed 

below 10% on any subtest. No one scored below 20% on more than 2 subtests, 

and only 1 person performed below 30% on 3 or more subtests. Table 10 

shows the distribution of scores of the 20 participants for the subtests 

considered relevant in operating the trackball. The results suggest that if an 

individual scores above approximately 20% on the majority of the subtests, s/he 

will be able to operate the device. However, because of the measurement 

difficulties associated with the slide subtests, it is likely best to exclude these 

altogether when forming decision guidelines. As a result, the analysis suggests 

that if an individual scores above approximately 40% on the majority of the 

remaining subtests (roughly 4 of the 5), the results strongly suggest s/he would 

be able to operate the device. If s/he can perform all 5 subtests but scores more 

poorly, s/he may still be able to operate the device but the results of this 

analysis do not provide the evidence to determine the low end cut-off score. 

There were 5 subtests representing actions needed in operating the 

keys. Each of the 20 participants were able to perform every one of these 5 

subtests. In addition, no one scored below 10% on any subtest. Only 1 person 

scored below 20% on a subtest, and only 2 people scored below 30% on any 

subtest. Table 11 shows the distribution of scores on the subtests considered 
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relevant in operating the keys. The results suggest that if an individual can 

perform 30% or better on at least 4 of the 5 relevant subtests, s/he should be 

able to operate the keys. If s/he scores below 30% on just a few subtests, s/he 

may still be capable of operating the device, but again, the results do not 

provide the evidence to establish the low end cut-off scores. 

Six subtests were considered to represent the actions needed in 

operating the joystick. Table 12 shows the distribution of scores on the subtests 

considered relevant in operating the joystick. As shown, no subject was unable 

to perform any of the relevant subtests. In fact, no one scored below 10% on any 

subtest, and with the exception of the slide subtest participants scored 30% or 

better on nearly all tests. Again excluding the slide subtest, the results suggest 

that if an individual can score 30% or better on at least 4 of the 5 reach and 

reaction subtests, s/he can operate the joystick. If s/he scores poorer on a few 

tests, but can still perform the action, s/he may still likely be capable of using the 

device, but again the restricted subject sample limits the ability to establish low 

end cut-off scores. 
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Table 10. Distribution of Scores for the Disabled Subject Sample on the 
Trackball "Relevant Subtests” (n=20). 
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Table 11. Distribution of Scores for the Disabled Subject Sample on the Keys 
"Relevant Subtests (n=20). 

  

  

  

  

  

  

0 1-9 ]10- [20- [30- [40- [50- [60- |70- [80- [90- [100 
19 |29 139 |49 159 |69 |79 |89 |99 [4 

(R1 [0 0 1 1 3 4 4 4 0 2 1 0 
R2 10 0 0 0) 1 2 8 4 1 2 0 2 
R3 10 0 1 0 2 7 1 2 2 2 1 2 
Rep [0 0 0 0 1 3 0 8 6 a) 2 0 
Ret |0 0 0 i) 0 0 1 1 2 5 8 3                               

Table 12. Distribution of Scores of the Disabled Subject Sample for the Joystick 
"Relevant Subtests" (n=20). 

  

  

  

  

  

  

  

0 1-9 [10- [20- ]30- [40- [50- [60- [70- [80- [90- [100 
19 |29 |39 |49 {59 |69 {79 [89 {99 |+4 

Ri [0 0) 1 1 3 4 4 4 0 2 1 ) 
R2 10 0 0 0 1 2 8 4 1 2 0) 2 
R3 10 0 1 0 2 7 1 2 2 2 1 2 
R6 |0 0 0 0 0 5 5 2 2 1 1 3 
S1 [0 0 6 4 2 3 2 1 2 0 0 0 
Ret [0 ) a) 0 ) 0) 1 1 2 5 8 3                               
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As discussed previously, four configurations of the mouse were 

available. The standard configuration required the user to press the mouse 

button and slide the mouse simultaneously and also to lift the mouse and 

relocate it on the mousepad. For those who where unable to press the mouse 

button and slide the mouse, the toggle-type “button down” and “button up" keys 

on the keyboard were available. For those unable to lift the mouse, persons 

could either use a strap attached to the back of the mouse or were shown how 

to recenter the mouse on the mousepad without having to lift it by moving the 

cursor against the edge of the screen, and then continuing to move the mouse 

on the mousepad. Finally, for those who had difficulty with both of these tasks, 

both accommodations were available. 

Only 4 of the participants with disabilities were able to use the mouse in 

the standard configuration. Ten were able to press the mouse button while 

sliding the mouse, but were unable to lift the mouse (configuration 2). Each of 

these 10 were able to master how to adjust the mouse on the mousepad by 

moving it past the point where the cursor would move on the screen, and thus 

none chose to use the strap. The remaining 6 people could neither lift the 

mouse nor press the mouse button while sliding the mouse (configuration 4). 

There were no individuals who could lift the mouse, but could not press the 

mouse button while sliding the mouse (configuration 3). 

Tables 13-15 show the score distributions for the users (with disabilities) 

of the 3 configurations of the mouse. In all 3 tables, the scores for all of the 

subtests which are relevant to the standard configuration of the mouse 

(configuration 1) are given. However, for configurations 2 and 4, the subtest 

scores representing actions which are not needed for that configuration are 
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shown in boldface type. To aid interpretation, Figures 4-8 graphically represent 

the distributions of scores on these 5 subtests. In each case, the x-axis 

represents the score on the subtest (expressed in terms of the normalized 

score) and the y-axis shows the number of participants who scored within each 

10 percent range. Specifically Figures 4 and 5 show the differences in score 

distributions for the lifting components of the test, L5-6, for the group who was 

able to lift the mouse (configuration 1 users) and those who were not 

(configuration 2 and 4 users). Figures 6-8 show the differences in score 

distributions for the dragging components of the test, S4-6, for the group who 

was able to drag the mouse (configuration 1 and 2 users) and for the group of 

users who were not (configuration 4 users). 

Recall, that users of configurations 2 and 4 first tried to use the mouse in 

the standard manner but were unable to do so. Reviewing the scores of these 

16 people, shown in Tables 14 and 15, shows that 4 people were unable to 

complete subtest L6 and 2 persons were unable to complete subtest L5. The 

test would immediately indicate that these persons did not have the capabilities 

to perform all of the necessary actions and thus would not be able to operate 

the device in the standard configuration. Note also the differences between the 

distributions of scores for the “differentiating subtests” (i.e. S4-6, L5-6) for the 

users of configuration 1 and those of configurations 2 and 4. Those able to use 

the standard configuration all scored 40% or better on each of the differentiating 

subtests and most scored 60% or better on each subtest, while those who were 

unable to use configuration 1 scored below 40% on most of these subtests. 

Reviewing the individual scores of the 16 persons who were unable to use 

configuration 1 because they were unable to lift the mouse (and therefore used 
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configuration 2 or 4) indicates that half scored in the single digits on at least 1 of 

the 2 lifting subtests (L5 and L6), 12 scored in the teen's or below on at feast 1 

of the 2, while all but 1 scored below 30% on at least 1 of the 2 subtests. On the 

other hand, all 4 users who were able to lift the mouse scored 50% or better on 

both subtests, and 3 of the 4 scored over 60% on both subtests. In addition, a t- 

test performed on the data for each of these 2 subtests indicates a significant 

difference (p < 0.001) between groups (i.e. those using configuration 1 vs. those 

using configurations 2 and 4) on both subtests. Apparently, if one is able to 

score at least 50% on the lifting subtests, s/he will not be prohibited from using 

the mouse because of the lifting component. 

Comparing the performance of those who were and were not able to 

drag with the mouse (i.e. configurations 1 and 2 versus configuration 4) 

indicates that those who were able to drag with the mouse scored anywhere 

from the teens to the 70's on the 3 relevant slide tests, while those who were 

unable to drag with the mouse, and hence had to use the keyboard keys scored 

primarily between the teens and the 30's. This test certainly appears to be less 

discriminating, as may be expected given the measurement difficulties with the 

slide test as discussed previously, although t-tests performed on the data for 

each of these 3 subtests indicates a significant difference (p < 0.001) between 

groups (i.e. those using configurations 1 and 2 vs. those using configuration 4) 

on all 3 subtests. In general, the results suggest that if an individual scores in 

the 40's and above on the 3 relevant slide subtests, s/he will likely not 

experience difficulty in dragging with the mouse. If s/he scores very low on the 

subtests, s/he will likely not be able to drag with the mouse. However, if s/he 

scores in the mid range, a strong recommendation is difficult to make. It must be 
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remembered, however, that these recommendations are based strictly on the 

results of the slide subtests. Therefore, the same confidence should not be 

placed in these recommendations as in the others. 

As noted before, all participants were able to use the mouse in either the 

standard configuration or 1 of the 2 modified versions. All 3 versions required 

the actions represented by the reach and slide subtests. The group who was 

able to use configuration 1 scored better than the remaining participants on 

these relevant subtests as well. However, even those who used configurations 

2 and 4 scored quite well on these subtests. No one was unable to perform any 

of the relevant subtests. The vast majority scored 40% or better on the reach 

subtests and in the teens or higher on the slide subtests. Again, if we disregard 

the slide subtests, the results suggest that if one can score in the 40's or above 

on at least 6 of the 8 reach subtests, s/he can likely operate the mouse in at 

least a modified method. If s/he scores well on the slide subtests 4-6, s/he can 

probably drag with the mouse, and if s/he scores well on the lift subtests, s/he 

can likely use the mouse in the standard configuration. 
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Table 13. Distribution of Scores for the Disabled Subject Sample for the Mouse 
(Configuration 1) "Relevant Subtests” (n=4). 
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Table 14. Distribution of Scores for the Disabled Subject Sample for the Mouse 
(Configuration 2) “Relevant Subtests” (n=10). 
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Table 15. Distribution of Scores for the Disabled Subject Sample for the Mouse 
(Configuration 4) "Relevant Subtests” (n=6). 
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Distribution of Scores on L5 Subtest 
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Figure 4. Score distributions for L5 Subtest. 

Distribution of Scores for L6 Subtest 
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Figure 5. Score distributions for L6 subtest. 
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Distribution of Scores on S4 Subtest 

  

Wo Mse 1 & 2 Users 
Mse 4 Users Fr

eq
ue

nc
y 

of
 
Oc

cu
rr

en
ce

 
—_ 

we
 

  

      

0 1 10 20 30 40 50 60 70 80 90100 
Scores (% Normal) 

Figure 6. Score distribution for S4 subtest 

Distribution of Scores on S5 Subtest 
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Figure 7. Score distribution for S5 subtest. 
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Distribution of Scores on S6 Subtest 
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Figure 8. Score distribution for S6 subtest. 

As described previously, 2 configurations of the tablet were available: 

the standard configuration and a cuff which fit around the user's hand and held 

the stylus. Only 7 of the 20 subjects with disabilities were able to use the 

standard configuration of the tablet. Tables 16 and 17 contain the distributions 

of scores for the subtests relevant to the use of the tablet for users of 

configurations 1 and 2, respectively. Here, subtests L11-12 and P6-7 represent 

actions which are necessary when using the tablet in the standard 

configuration, but not necessary when using the modified device (configuration 

2). Figures 9-12 illustrate more clearly the scores of the 2 groups on these 4 

subtests. T-tests performed on the data for each of these 4 subtests indicate a 

significant difference (p < 0.001) between groups (i.e. those using configuration 

1 vs. those using configuration 2) on each of the 4 subtests. In addition, of those 

who used configuration 2, 2 persons were unable to perform each of these 4 
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“differentiating actions”. Also apparent is the fact that the subjects who used 

configuration 1 scored 30% or better on almost all of these 4 subtests, while 

those unable to use the tablet scored in the 30's or below on nearly all subtests. 

Examining the individual scores indicates that 2 of the persons who were 

unable to use configuration 1 were unable to accomplish each of the 4 

differentiating actions. This result would immediately indicate that these 

persons would be unable to use the tablet in the standard manner. In addition, 

7 of the 13 users scored in the teens or below on at least 2 of the 4 subtests, 

while 11 of 13 scored in the 20's on 2 or more subtests. Only 3 people scored 

above 30% on more than 1 subtest, and only 1 person scored above 40% on 

more than 1 subtest. On the other hand, 5 of the 7 users of the standard 

configuration scored 50% or better on every subtest. 

Reviewing the scores of both groups on the remaining relevant subtests 

(i.e. those necessary for both configurations 1 and 2) indicates that all 20 

participants scored well on these subtests. The group who was able to use the 

device in the standard configuration scored better than the others on the "non- 

differentiating” subtests as well, however, even those who used the modified 

version scored well on the necessary subtests. In no case was anyone unable 

to complete a subtest which was considered to be relevant in operating the 

device in either configuration 1 or 2. Most scored 40% or better on the reach 

subtests, and in the teens or better on the slide subtests. 

Again, the assessment test clearly differentiates between those who were 

and those who were not able to use the tablet in the standard configuration. 

Again, disregarding the slide subtests, the results suggest that if an individual 

scores in the 40's or above on at least 6 of the 8 reach subtests, s/he can likely 
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operate the device. If s/he scores 40% or better on the four differentiating 

subtests, s/he can likely use the device in the standard configuration. If s/he 

scores in the 30's or below on these subtests, s/he will likely require a 

modification to use the device. 

Table 18 summarizes the decision guidelines derived from this analysis. 

For each configuration of each device, the minimum score on the relevant 

subtests is given which would result in the recommendation that an individual 

would be capable of using that device. Recall that because of the measurement 

difficulties associated with the slide subtests, the guidelines were derived 

without considering the results of the slide subtests. 

The degree to which these guidelines results in a correct decision can be 

estimated by applying the guidelines to the data from the assessment test 

scores of the participants in this study, and comparing the predicted outcome to 

the actual outcome obtained when each participant actually attempted to use 

the device. 

According to the guidelines, 18 of the 20 participants scored well enough 

on the subtests associated with the trackball to be considered capable of 

operating the device. In actuality, each of the 20 participants was able to use 

the trackball. For the cursor keys, the guidelines suggest that 19 of the 20 

participants would be capable of using the device, while actual results show 

that again all 20 participants were able to use the device. Similarly, the 

guidelines suggest that 19 of the 20 participants would be able to use the 

joystick, while actual results show that all 20 participants were able to use the 

device. 
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Concerning the mouse, the guidelines suggest that 17 of the 20 

participants would have the capability to operate the mouse in either the 

standard configuration or one of the alternative configurations. The actual 

results show that all 20 participants were able to use the mouse, either standard 

or modified. Without the lift modification available, only 4 of the 20 participants 

were able to use the device. The recommendations correctly suggest these 4 

persons would be able to use the mouse. Of the 16 persons who proved to be 

unable to use the mouse without this modification, the guidelines correctly 

predicted that 15 would be unable to use the device, and only incorrectly 

predicted that 1 would be able to operate the device. 

The other modification was the use of the toggle keys to eliminate the 

dragging action. The “differentiating” subtests associated with this configuration 

were all slide subtests, and the guidelines derived from the results were not 

expected to be as accurate. Of the 6 participants who were not able to use the 

device without this modification, the guidelines suggested that all 6 would be 

unable to use the device. However, of the 14 who did prove to be capable of 

using the device without the modification, the guidelines only suggested that 8 

would be capable of operating the device, and erroneously suggested that the 

remaining 6 would not be able to operate the device. 

The guidelines concerning the tablet suggest that 17 of the 20 

participants would be able to operate the tablet, either standard or modified. 

However, all 20 participants were actually able to use the tablet. Of the 7 who 

were able to use the tablet in the standard configuration, the guidelines 

correctly suggest that 6 would be able, but incorrectly suggest that 1 would not. 

Of the remaining 13 who proved to be unable to use the tablet without 

76



modification, the guidelines were accurate in suggesting that all 13 would not 

be able to use the device unaided. 

Hence, the guidelines developed from this analysis appear to be quite 

accurate. Not considering the one guideline in which the slide subtests were 

essential and could not be excluded, a correct decision was reached at least 

85% of the time, and 90% or better most of the time. 
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Table 16. Distribution of Scores for the Disabled Subject Sample for the Tablet 
"Relevant Scores” (Configuration 1) (n=7). 
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Table 17. Distribution of Scores for the Disabled Subject Sample for the Tablet 
"Relevant Scores” (Configuration 2) (n=13). 
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Distribution of Scores on L11 Subtest 
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Figure 9. Score distributions for L11 subtest. 

Distribution of Scores on L12 Subtest 
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Figure 10. Score Distributions for L12 subtest. 
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Score Distribution for P6 Subtest 
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Figure 11. Score distributions for P6 subtest. 

Distribution of Scores for P7 Subtest 
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Figure 12. Score distribution for P7 subtest. 
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Table 18. Summary of Decision Guidelines. 

  

Device 

Trackball 

Keys 

Joystick 

Mouse (1) 

Mouse (2) 

Mouse (4) 

Tablet (1) 

Tablet (2) 

40% on 4/5 subtests 

30% on 4/5 subtests 

30% on 4/5 subtests 

40% on 6/8 reach subtests AND 

50% on all lift subtests AND 

40% on 2/3 slide subtests 

40% on 6/8 reach subtests AND 

40% on 2/3 slide subtests 

40% on 6/8 reach subtests 

40% on 6/8 reach AND 
40% on all lift and place subtests 

40% on 6/8 reach subtests 
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Objective 3. The third objective of the assessment test was to be able to 

estimate, from the scores on the assessment test, the expected level of 

performance in using each particular device. Several approaches were 

considered. 

First, a regression approach similar to that used in validating the 

assessment test was briefly considered, but was rejected for a number of 

reasons. By forming a regression equation for each of the devices, using the 

performance of the group of persons with disabilities as the dependent variable 

and the scores on the relevant subtests as the regressors, the equations may be 

capable of predicting performance of other individuals with disabilities. 

However, the approach has several limitations. First, separate regression 

equations would have to be generated for each configuration of each device, 

since different regressors would be applicable for each. The subject sample 

size would thus be prohibitive. Secondly, as discussed previously, the 

appropriateness of a regression approach using a group of individuals with 

varying levels of hand skill must be questioned. Although the same actions are 

required of the individuals with disabilities, the motor performance of these 

individuals varies greatly from one another, specifically in terms of the 

percentage of time spent on each of the actions. Hence, the relative 

importance of each of the actions may vary greatly within a group of people with 

disabilities, and hence the regression equation may not adequately predict 

performance for a given individual. Finally, even if a regression approach 

would result in an adequate prediction, it would still have limitations. Using a 

regression approach would require that many groups of individuals 
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representing a wide range of motor skills first participate in the study so that 

regression equations can be generated as a function of the "motor skill class”. 

This approach then severely limits the ease with which additional devices can 

be considered. Ideally, the relationship between the relevant subtests and the 

performance with a device would be simple enough, regardless of the particular 

device being considered, that collecting performance on a representative 

sample of subjects and generating regression equations would not be 

necessary. 

With this last point in mind, two approaches were attempted which would 

not require collecting data on a sample of disabled subjects in order to generate 

a description of the relationship between the performance on the relevant 

subtests and the device. 

First, it was thought that by using the regression equations generated by 

using the data from the group of nondisabled subjects to estimate the 

performance of an individual with a disability may at least roughly result in an 

estimate of his/her performance levels. This approach is not as limiting as using 

a subject sample of persons with motor limitations, since obtaining and 

collecting data on a group of individuals without disabilities is not nearly as 

difficult or time consuming. For each of the 20 individuals with disabilities, 

predicted performance on each device was estimated using the regression 

equations given in Table 9. (Note, for each device, only the data from the 

subjects who used the device in the standard configuration was used, since the 

other configurations have a different set of relevant subtests.) This predicted 

performance score was correlated with the actual performance achieved, using 

a Pearson Product Moment Correlation. The results are shown in Table 19. As 
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shown, the correlations are not particularly high, and are significant for only the 

keys and the joystick. 

Finally, an even more appealing approach is to determine the weights on 

each of the relevant subtests based on “expert judgement" as opposed to 

empirical data. The advantage, of course, is that to include additional devices 

requires only a careful analysis of the device, and no data collection - using 

either disabled or nondisabled participants. For each configuration of each 

device, the relevant subtests were weighted by the experimenter according to 

the estimated importance of each to the operation of that device. Each relevant 

subtest was assigned a coefficient of 0.5, 1, 2, or 3. Because of the validity 

questions concerning the slide subtests, they were de-emphasized in each 

case by assigning a weight of 0.5. Other weights were assigned by primarily 

considering the time during which the user is performing each action. The 

predicted performance for each individual was calculated as simply the linear 

sum of the relevant subtests, appropriately weighted. Again, the correlation 

between the predicted performance and actual performance was determined, 

and is shown in Table 20. With the exception of the trackball, the correlation 

coefficients were low and nonsignificant. 
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Table 19. Pearson Product Moment Correlation Coefficients of Actual 
Performance with Predicted Performance Using Regression Equations. 

  

  

Device N R p 

Mouse 4 0.1655 0.8345 

Trackball 20 0.3727 0.1056 

Keys 20 0.6028 0.0049 

Joystick 20 0.4934 0.0270 

Tablet 7 0.4686 0.2889 
  

Table 20. Pearson Product Moment Correlation Coefficients of Actual 
Performance with Predicted Performance Using Estimated Weights 

  

  

Device N R Dp 

Mouse (1) 4 0.6802 0.3198 

Mouse (2) 10 0.2725 0.4462 

Mouse (3) 6 0.5425 0.2661 

Trackball 20 0.7381 0.0002 

Keys 20 0.0818 0.7318 

Joystick 20 0.3208 0.1679 

Tablet (1) 7 0.1328 0.7764 

Tablet (2) 13 0.4432 0.1293 
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DATA ANALYSIS AND RESULTS: DEVICE PERFORMANCE DESCRIPTION 

In addition to linking performance on the assessment test to performance 

on each of the devices, the nature of the performance with each of the 

devices(i.e. the effects of each of the independent variables) on target 

acquisition time performance as well as on subjective preference was 

determined. 

Group Formation. The effects of the independent variables on device 

performance may very well differ for persons with and without motor impairment 

of the upper extremities. In addition, it may differ for individuals with differing 

levels of residual capabilities of their hands and arms. As a result, this analysis 

did not simply compare the group with disabilities with the group without 

disabilities, but rather first split the group with disabilities into smaller groups of 

individuals with similar skill levels. 

The assessment test scores of the 20 individuals with disabilities were 

the basis for group formation. In particular, for each of the 16 assessment 

subtests considered relevant for operating at least one of the five devices, the 

scores of each of the 20 individuals were ranked from highest to lowest. (Note: 

The six slide subtests were not included because of the validity problems 

mentioned previously. Hence, only the 8 reach subtests, 4 lift subtests, 2 place 

subtests, repetition speed and reaction time were considered.) The 50 

percentile point was delineated. A clear distinction was immediately apparent 

between a group of participants who tended to score consistently above 50 

percentile on each of the subtests, and a group who tended to score 

consistently below 50 percentile. Eight participants scored above the 50 

percentile point on each of the subtests. Five persons scored below 50 
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percentile on each of the 16 subtests, while another 2 scored below 50 

percentile on 14 of the 16 subtests, and 1 scored below 50 percentile on all but 

3 subtests. Each of these 3 persons scored only slightly above on the 

remaining 2-3 subtests. The remaining 4 persons tended to score either just 

above or just below the 50 percentile point on each of the subtests. As a result, 

an obvious grouping strategy was to form 2 groups of 8 persons each (a "low" 

scoring group and a “high” scoring group). The scores of the remaining 4 

persons were discarded. In addition, 8 persons from the original group of 10 

persons without disabilities were chosen at random to form a third group of 8 (a 

"nondisabled” group). 

Target Acquisition Time, An analysis of variance (ANOVA) was 

performed on the group (3) x cursor control device (5) x target size (4) x target 

distance (3) x block (4) x mode (2) model for the target acquisition time 

dependent measure. A summary table of the ANOVA results is shown in Table 

23 (Appendix G). A post-hoc Tukey test (p < 0.05) was performed for pairwise 

means comparisons within each significant main effect and interaction. 

Main Effects. Five of the six main effects were significant at the alpha = 

0.01 level. Block, as expected, was not significant since the practice and first 

trial blocks had been eliminated. Post-hoc tests (shown in Tables 24, Appendix 

G) reveal that the high scoring disabled group performed similarly to the 

nondisabled group, and.both groups performed better than the low scoring 

group with disabilities. The post-hoc tests on the device main effect reveal that 

across all levels of target size, target distance, block and mode, the joystick 

resulted in poorer performance than all other devices. The cursor keys resulted 

in better performance than the joystick, but poorer than the remaining three 
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devices which did not result in significantly different performance from one 

another. 

As expected, all four levels of target size were shown to be significantly 

different from one another, as were the three levels of target distance. 

The up and down modes were also significantly different from one another. 

Interactions. In addition, five of the two-way and two of the three-way 

interactions were significant. Post-hoc tests using the Tukey test at an 

experiment-wise alpha level of 0.05 were performed for all possible pair-wise 

comparisons; however, to facilitate the interpretation of the results, only the 

subset of comparisons of greatest interest are reported. 

Post-hoc tests on the Group x Target Size interaction, shown in Table 25 

(Appendix G), show that target size affects the performance of persons with low 

motor skills more profoundly than persons without impairment. For persons in 

group 1 (low), all four levels of target size resulted in significantly different 

performance from one another. Members of group 2 (high) performed similarly 

on the larger two target sizes, and significantly slower on the smallest and 

second smallest targets, which were resulted in significantly different 

performance from one another as well. By comparison, persons without 

disabilities (group 3) performed slower on the smaller two targets than the 

larger two, but performed similarly on the smaller two, the middle two, as well as 

on the larger two. Examining the set of post-hoc results from comparing the 

levels of group within each level of target size indicates that on both of the 

smaller two target sizes, all three groups performed significantly different from 

one another. However, on the larger two target sizes, the group of persons with 
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disabilities who scored high on the assessment test (group 2 - high) scored 

similarly to the group without disabilities. 

The effects of target size also appear to be dependent upon the device 

being used, as indicated by the significant Device x Target Size interaction. 

Post-hoc tests (Table 26, Appendix G) show that performance with both the 

joystick and keys are greatly affected by the target size - all four levels of target 

size are significantly different from one another for both devices. The remaining 

three devices show a somewhat weaker dependence on target size. For all 

three devices, performance with the larger two target sizes is not significantly 

different from one another; and for both the trackball and mouse, the smallest 

two sizes are not different from one another. Examining the results of the post- 

hoc tests on the five devices at each level of target size shows that at all four 

target sizes, the mouse, tablet, and trackball result in similar performance, and 

the three devices result in poorer performance than the keys or joystick. In 

addition, the joystick and keys result in similar performance at the two smaller 

target sizes, but result in significantly different performance from one another at 

the two larger target sizes. 

The above results describe the affects of target size on device 

performance averaged across all participants. However, the Group x Device x 

Target Size three-way interaction was also significant. The results of the post- 

hoc tests are shown in Table 27 (Appendix G). As found previously in the 

Group x Target Size interaction, target size has a smaller affect on performance 

for individuals with higher levels of motor skills. For the group of participants 

without disabilities (group 3), performance on neither the trackball, mouse or 

tablet was affected by changes in target size. The same is true for the trackball 
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and mouse for group 2 (high), but performance with the tablet does show a 

small effect of target size for this group. For group 1 (low), performance with the 

trackball, mouse, and tablet all show a rather large effect of target size. For 

each of three groups, performance with the joystick and keys shows a larger 

effect of target size than with the other three devices, but again, group 1 (low) 

tends to be affected to a greater degree by target size on these two devices than 

do the other two groups. 

As expected, the Target Size x Target Distance interaction was also 

significant (Table 28, Appendix G). The effects of target size on performance is 

similar regardless of target distance, however, the effect of target distance is 

more pronounced at the smaller target sizes. At both of the smaller two target 

sizes, all three levels of target distance are different from one another. 

However, at the largest two target sizes, the shorter two target distances are 

similar, but are both different than the longest target distance. 

Device performance also appears to be effected by the mode of 

operation, as indicated by the significant Device x Mode interactions (Table 29, 

Appendix G). Performance with neither the trackball, mouse, or tablet appears 

to be effected by the mode; however, the down mode results in slower 

performance for both the joystick and the keys. In the up mode, the tablet, 

trackball, and mouse all resulted in similar performance, and each resulted in 

better performance than the keys and joystick, which resulted in performance 

different from one another. In the down mode, the trackball, mouse and tablet 

again resulted in similar performance, but the joystick and keys, which again 

resulted in poorer performance than the other three devices, did not result in 

performance different from one another. The lack of a significant Group x 
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Device x Mode interaction suggests these relationships are similar for all three 

groups. 

The effects of target size and mode also appear to interact with one 

another, as indicated by the significant Target Size x Mode interaction (Table 

30, Appendix G). However, the results of the post-hoc tests fail to identify 

significance of the interaction in the paired-comparisons of interest. 

Performance in the up and down modes were significantly different from one 

another at each level of target size, and all four target sizes were significantly 

different from one another in both the up and down modes. The significance of 

the interaction likely lies in comparisons which are of little practical importance. 

However, the Group x Target Size x Mode interaction was also found to 

be significant. The results are shown in Table 31 (Appendix G). At the smallest 

target size, the up and down modes resulted in similar performance for all three 

groups. Similarly, at the larger two target sizes, the up and down modes 

resulted in significantly different performance for all three groups. However, at 

the second smallest target size, performance was similar in the two modes for 

group 1 (low), but different for groups 2 (high) and 3 (nondisabled). Apparently, 

the up mode becomes easier than the down mode as the target size increases, 

and it becomes easier more rapidly for persons with greater motor skills. 

Subjective Ratings. As described previously, following the usage of each 

device, each subject responded to a set of 9 bipolar rating scales. Each scale 

had seven possible intervals which may have been chosen. Each of the 

intervals was assigned a value ranging from one to seven. A low value was 

associated with a favorable response (i.e. fast, comfortable) while a high value 

was associated with negative response (i.e. slow, uncomfortable). 
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Because bipolar rating scales can not necessarily be considered as 

providing interval scale data, all analyses of the subjective rating scale data 

employed only nonparametric statistical tests. 

The correlation of each coded scale with the "Acceptable-Unacceptable" 

scale was next determined. Because acceptability was the primary attribute of 

interest, those scales achieving a significant correlation with the "Acceptable- 

Unacceptable" scales were considered attributes of acceptability and were then 

used to form a single-number index of acceptability (Al). A Spearman Rank 

correlation coefficient was computed for each bipolar scale with the 

"Acceptable-Unacceptable" scale. The results are shown in Table 32 

(Appendix G). Each of the eight bipolar scales achieved a high correlation (i.e. 

0.70 or above), and each was significant at p < 0.0001. The Al was thus 

computed as the linear sum of the numerical value of each of the 8 scales, 

divided by 8. Therefore, the Al measure had a range of 1 (most acceptable) to 7 

(most unacceptable), and was used as the dependent measure for subsequent 

data analyses. | 

The Al data for each device were first subjected to a Kruskal-Wallis one- 

way analysis of variance using Group as the variable of interest. For none of 

the five devices was a significance difference found between the mean ratings 

of the three groups. Because no group main effect was found, further data 

analyses used the data from the entire 30 participants as opposed to the three 

groups of eight. 

A Friedman two-way analysis of variance was performed on the Al data 

using device as the variable of interest. The main effect of cursor control device 

was found to be significant. Post-hoc pair-wise comparisons using the 
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Wilcoxon matched-pairs signed-ranks test were performed and the results are 

shown in Table 33, Appendix G. To ensure protection against Type | error, an 

experiment-wise alpha of 0.05 was adjusted, and test alpha was set equal to 

0.005 (alpha = 2/((5*4) * alpha exp)). For the combined measure of 

acceptability, the trackball was rated significantly more acceptable than the 

other four devices. The mouse, tablet, and keys were rated as being similar in 

terms of acceptability, while the joystick was rated as being less acceptable 

than each of the other four devices. 

Subjective Ranks. As described previously, each of the five cursor 

control devices was ranked by each subject on five criteria: accuracy, comfort, 

fatigue, preference, and speed. For each criterion and each device, the mean 

task completion time data were first subjected to a Kurskal-Wallis one-way 

analysis of variance using Group as the variable of interest. There were no 

Statistically significant differences among groups for any of the five devices on 

any of the five criterion. As a result, the analysis of the subjective rank data was 

performed on the entire 30 participants as a whole, rather than by groups. Each 

criterion was analyzed separately using a nonparametric two-way Friedman 

analysis of variance, with cursor control device as the variable of interest. In 

each case, results indicate significant differences among the cursor control 

devices. Post-hoc pair-wise comparisons using the Wilcoxon matched-pairs 

signed-ranks test were performed on each criteria, again using a conservative 

alpha level. The results of the analyses are shown in Tables 34-38, Appendix G. 

In general, the trackball was ranked highest for each of the five criteria, 

followed by the mouse. Individual criterion results are as follows: 
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(a) Accuracy. The trackball is ranked higher than either the tablet, keys, 

or joystick, but not significantly different than the mouse. The joystick is ranked 

lower than the other four devices. 

(b) Comfort. Again, the trackball is ranked higher than either the tablet, 

keys, or joystick, but not significantly different than the mouse. The joystick is 

ranked poorer than the trackball, mouse, keys, and tablet, but not significantly 

different than the tablet. 

(c) Fatigue. The trackball is ranked higher than all other devices, except 

for the mouse. The mouse, keys, and tablet are ranked similarly, as are the 

keys, tablet, and joystick. 

(d) Preference. The trackball is preferred over ail four of the other 

devices. The mouse, tablet and keys are ranked similarly, as are the tablet, 

keys, and joystick. 

(e) Speed. Again, the trackball is ranked as being quicker than the other 

four devices. The mouse and tablet are ranked similarly, as are the tablet, keys 

and joystick. 
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DISCUSSION AND CONCLUSIONS 

Device - A Test Relationship G i 

The ability of the assessment test to accomplish the three objectives ( 1: 

predicting whether an individual can / cannot use a device; 2: targeting areas of 

difficulty in using a device such that modification to the device may lead to better 

performance; and 3: identifying the effects of device and task parameters on 

performance of individuals with different levels of hand skill) was, for the most 

part, quite successful. The primary weaknesses of the study affecting the 

degree to which the test's ability to meet these three objectives was 

demonstrated are the inadequacies of the test itself and the restricted subject 

sample. 

As noted previously, the assessment test, as developed, had minor 

inadequacies. It is felt that the subtests themselves sufficiently represent the 

actions required in using the various devices of interest. In most cases, the 

precision of measurement used in each subtest was also adequate. However, 

in the case of the slide subtests, the subjective nature of the performance 

criteria (i.e. judging when the object was correctly placed within the boundaries 

of the target) resulted in an inadequate measure of one's ability to slide objects 

on a flat tabletop. The test itself is likely appropriate, however, a more objective 

measure of performance is needed. Perhaps the fact that the object only rested 

momentarily within the target boundaries before being moved again prompted 

some subjects to not take the time necessary to ensure that the object rested 

entirely within the target boundaries. If this is the case, a more appropriate test 

may be to use several different objects and require that each object be moved 
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from a separate start target to final resting places in separate targets. If 

measured more precisely, scores on the slide test may very well be shown to 

have a strong relationship with the devices which require a slide-type action. 

Despite the problem with the slide subtests, the scores on the 

assessment test still proved to have a definite relationship with performance 

with the devices. In cases where an individual could not perform a "relevant 

subtest", s/he could also not operate the device requiring that action. In cases 

where an individual scored well on each relevant subtest, s/he was also able to 

use the device requiring those actions. However, just because a person was 

able to complete each of the subtests does not mean s/he could operate the 

corresponding device. One must not only be able to perform an action, but must 

be able to perform it with a given level of proficiency in order to use the device. 

Unfortunately, this study was unable to precisely identify the “low-level cut-off" 

score for each of the subtests. Because the subjects who participated in the 

study were all able to use three of the devices unmodified, and the other two 

either standard or modified, it was not possible to determine the proficiency 

level needed on the assessment subtests required to ensure that device 

operation would be possible. 

Despite the minor limitations of the assessment test and subject sample, 

guidelines concerning the relationship between subtest scores and the ability to 

operate a given device were derived, and are summarized in Table 18. 

Applying the guidelines to the data from the participants in this study showed 

that they were accurate 85% of the time or better. Clearly, there is a relationship 

between the assessment test scores and device performance, and this study 
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was very successful in deriving such guidelines concerning whether an 

individual can or cannot operate a particular device. 

When an individual has difficulty accomplishing a given subtest (i.e. s/he 

can not perform the subtest or scores poorly on it), s/he will likely have difficulty 

operating the corresponding device without modification. The assessment test 

appears to be quite capable of targeting the actions which will cause difficulty in 

device operation. In cases where an individual could not accomplish one or 

more of the necessary actions and an aid or modification was provided to assist 

in performing those difficult actions, each participant was then able to operate 

the device. 

When the set of assessment test scores corresponding to a given device 

were used to try to predict the level of performance that could be expected with 

the device, the results were disappointing. No clear, easy to apply method 

resulted in even a rough estimate of the actual performance levels obtained. 

Through further analyses, it may be possible to develop a method which 

demonstrates a relationship between the two sets of scores. However, the 

method would be useless in the field if it required a complex manipulation of the 

data or required the collection of data from groups of persons with disabilities. 

The assessment test itself may not contain the level of precision in measuring 

specific actions needed to develop such relationships. To increase this level of 

precision may likely require that individual, specific actions be measured rather 

than "generic" action classes. By doing so, the benefits (e.g. testing time) of 

using a “generic” measure of hand skill (i.e. the assessment test), rather than 

requiring the client to actually use a specific device would be lost. It does not 
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appear that strong relationships can easily be drawn between such global 

measures of functional ability and specific requirements of hand function. 

Currently, the assessment test is quite successful in representing the 

actions used in operating the five devices considered in this study, and in 

targeting actions which may cause difficulty in operating a particular device. 

The results of the study using this test provide some guidelines in determining 

whether an individual would be able to operate a given device. To refine the 

guidelines further, the slide subtests should be modified as suggested above, 

and data collected on a wider range of subjects, including some who have a 

greater difficulty in using each of the devices. In addition, doing so may result 

in a more successful attempt at developing "prediction equations” (i.e. 

predicting device performance levels as a function of subtest scores). In 

addition, reevaluating the break down of actions, perhaps into even smaller 

components, may lead to a stronger relationship between assessment subtest 

performance and the actual level of performance obtained with a device. 

r ice P 

The results of the computer task indicate that persons with impaired use 

of their hands do not perform vastly different than individuals without such 

impairment. As expected, individuals with severe impairment performed more 

slowly than users with less severe impairment, who in some cases performed 

more slowly than users without any physical limitations. However, the relative 

decrease in speed appears to be constant across devices. The results show 

that the rank ordering in terms of target acquisition time is the same, regardless 

of group. The mouse, trackball, and tablet provided better performance than the 
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keys, which provided better performance than the joystick. This result holds true 

for all three groups of subjects. Target size did have a slightly more 

pronounced effect on performance for individuals as they decreased in hand 

skill. This effect held for all five devices, but was particularly evident for the keys 

and joystick. In addition, individuals with limited hand function had relatively 

more difficulty with small target sizes during the button down modes than did 

individuals without disabilities. 

For persons without disabilities, asymptotic performance was reached 

after just the practice block, or 12 target acquisitions. The individuals with motor 

impairment took slightly longer, requiring two trial blocks, or 24 target 

acquisitions to reach stable performance. 

Regardless of the level of hand skill, persons preferred the trackball, 

mouse, and tablet over the remaining two devices. The trackball, in particular, 

fared weil on the subjective rating and ranking scales, and the joystick tended to 

be rated most poorly. Persons apparently were quite accurate in judging their 

own performance, since the subjective ratings relate closely to the objective 

measures of performance. 

To demonstrate the validity of the computer input device task itself, the 

results of this study can be compared with those of a previous, well-controlled 

study (Epps, 1986). Although different devices were used in Epp's study (i.e. 

optical mouse, trackball, absolute touchpad, relative touchpad, displacement 

joystick and force joystick), the methodology and target acquisition task were 

quite similar. In both cases, the mouse and trackball proved to be superior 

devices and did not differ from one another. All levels of target size and target 

distance tested were significantly different from one another in both studies. 

99



Performance stabilized by at least the end of the first trial block for each device 

tested in both cases. Hence, the similarity of the results of the two studies adds 

some certainty to the conclusions that can be made. 

The results tend to indicate that the “better” devices for persons with 

limited hand skill are the same as for those without such limitations provided the 

individual can operate the device. The rank ordering of the devices in terms of 

target acquisition time is the same for persons with and without disabilities, only 

the absolute value of the times is consistently slower for persons with impaired 

hand usage. It was suspected that the limitations of the persons with disabilities 

may affect some devices to a greater extent than others, and hence rearrange 

the rank order of the devices, but such a case was not found. This effect may or 

may not hold for other devices, or for subjects with vastly different skill profiles. 

The increased effect of target size and mode on the performance of 

persons with disabilities has implications for the design of software. Regardless 

of device used, the smaller target sizes are more difficult to acquire than the 

larger target sizes, and the effect is particularly strong for individuals with motor 

impairments. Also, the effect of target size is more pronounced for users with 

disabilities when they are operating in a button down mode. Software 

designers should be careful to eliminate small targets where possible, 

especially for drag moves. Where small targets can not be avoided, features 

such as "zooming" may be advantageous. Also, gravity fields or snapping may 

alleviate some of the negative effects. The advantage of such strategies should 

be investigated. 
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Pre-Experimental Questionnaire 

Subject Number: 

Age: 

Gender: 

Description of disability (e.g. C5 incomplete SCI) including time since onset: 

  

  

Had you used a computer before realizing some impairment of your hands 

and/or arms? 

  

Had you used a “direct manipulation” interface? 

What type(s) of input devices had you used and approximately how often was 

each used? 

  

  

  

Had you used other systems (e.g. video games) that require the use of manual 

control devices such as joysticks, trackballs, etc.? If so, what devices were used 

and approximately how often did you use them? 
  

  

Have you used a computer since realizing some impairment of your hands 

and/or arms? 

  

Have you used a "direct manipulation" interface? 

What type(s) of input devices have you used and approximately how often has 

each been used? 

  

  

  

Have you used other systems (e.g. electric wheelchair, video games, etc.) that 

require the use of manual control devices such as joysticks, trackballs, etc.? If 

so, what devices have been used and approximately how often have you used 

them? 
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General Description of the Experiment 

The overall purpose of this experiment is to examine the performance of 
persons with upper extremity functional limitations with various cursor control devices. 
Expected results include identifying the most appropriate device for individuals with 
differing levels of upper extremity functionality. If such rules can be established, a 
functionally-impaired individual need not experiment with many different devices in 
order to find one that s/he can use efficiently. Instead, by quantitatively measuring 
his/her ability to manipulate different object and perform simple actions, one can 
predict which is the more appropriate device. 

Both non-disabled participants and participants with motor impairments will 
participate. Your participation in this experiment will require you to complete a 
computer-based task with each of several different cursor control devices. This will be 
done over a two to three day period. The task will simply require you to used the 
cursor control device to move the cursor on the screen into a target area. Additionally, 
for the functionally-impaired participants, you will be asked to complete a functional 
assessment test. You will likely be familiar with parts of the test, while some may be 
new to you. This will be done on a separate day. 

Throughout the testing sessions, you will be allowed to take frequent rest 
breaks, during which time you may visit the restroom, water fountain, or do whatever 
you choose to do. No part of this experiment is expected to cause you any pain or 
harm. Each experimental session will begin when you are ready. If for any reason 
you feel uncomfortable and wish to stop the experiment, you may inform the 
investigator and the experiment will be stopped. However, please note that the 
research team would appreciate your cooperation in completing the full experiment if 
you can, so that a full set of data may be obtained. 

During the days in which you will be participating, as well as afterwards, please 
refrain from discussing the experiment with others who may have been or may be 
subjects in the experiment. Any prior knowledge regarding the experiment may bias a 
subject's performance, making the results of the entire experiment contaminated. The 
study is scheduled to end April, 1991, after which you may discuss the study if you 
wish. 
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Informed Consent Form 

This form constitutes informed consent by you to participate in this study. 
Please read it carefully, as well as the attached sheet, and then sign it below. 

You have already read the instructions for this experiment. 

Your rights as a subject are: 

1) It is your right as a subject to withdraw from the study at any time and for any reason 
by simply informing a member of the research team. 

2)There are no known risks in this experiment. The only known possible discomfort is 
the difficulty you might have in using one or more of the input devices. 

3) You have the right to inspect your data and to withdraw it from the experiment if you 
feel that you should. In general, data are processed and analyzed after all subjects 
have completed the experiment. Subsequently, your data will be kept confidential by 
the research team. No one else will see your individual data with your name. 

4) You have the right to be informed as to the general results of the experiment. If you 
wish to receive a summary of the results, include your address with your signature on 
the last page of this form. If, after receiving the summary, you would then like further 
information, please contact the experimenters at the address or phone number below. 
To avoid biasing other potential subjects, you are asked not to discuss the study with 
anyone until 2 months from now. 

5) You may ask questions of the research team at any time prior to data collection. All 
questions will be answered to your satisfaction subject only to the constraint that an 
answer will not prebias the outcome of the study. If bias would occur, with your 
permission an answer will be delayed until after the data collection, at which time a full 
answer will be given. 

Please make sure that you understand, to your complete satisfaction, the nature 
of the study and your rights as a participant. If you have any questions, please ask 
them at this time. If you decide to participate, please sign your name below . 

| have read a description of this study and understand the nature of the research 
and my rights as a participant. | hereby consent to participate, with the understanding 
that | may discontinue participation at any time if | choose to do so. 

Signature: 
  

Printed Name: 
 



The research team for this experiment consists of Sherry Casali, under the 
direction of Dr. R. C. Williges, and Dr. R. D. Dryden. They may be reached at the 
following address and phone number. 

Dr. R. C. Williges / Dr. R. D. Dryden 
302 Whittemore Hall 
VPI&SU 
Blacksburg, VA 24061 
(703) 231- 6656 

If you have detailed questions regarding your rights as a participant in 
University research, you may contact the following individual: 

Dr. E. R. Stout 
Chairman, University Human Subjects Committee 
301 Buruss Hall 
VPI&SU 
Blacksburg, VA 24061 
(703) 231-5283 
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Computer Task Instructions 

In this part of the study, your task will be to select a target presented on 
the display as quickly and accurately as possible by moving the cursor into the 
target and then confirming your selection. 

The cursor is the arrow-shaped symbol which you see in the center of 
the display. The target will always be a square symbol. This square may be of 
several different sizes. One such target is also shown on your screen. Your 
task will be to move the cursor into the target using one of several different 
cursor control devices. You will receive separate instructions for operating each 
cursor control device. The cursor is correctly inside the target if the tip of the 
arrow head is completely inside the target. During practice, it is a good idea to 
try putting the cursor on the sides and corners of the targets so that you will 
have a good idea as to when a selection will be considered correct. 

Once the cursor is inside the target, you will either press or release the 
“select key". (The select key will be different for each device, but will be shown 
to you before using each device.) If you correctly select the target, the screen 
will change and a new target will appear. You should immediately begin again. 
If you incorrectly select the target (i.e. if the arrow is not properly placed inside 
the target) a tone will sound. If this occurs, try again to position the arrow inside 
the target and press (or release) the select key again. 

You will first practice using the device on 12 targets. During this 
practice session, feel free to ask the experimenter any questions. Next, you will 
complete 5 blocks with that device where each block will consist of 12 targets. 
You will want to proceed thru all 12 targets as quickly as possible. Please try to 
complete each block of 12 targets without resting between targets. You will 
receive a rest break between blocks. Next, you will be shown a different 
method for using the device. You will again receive a practice session 
consisting of 12 targets. Next you will complete 5 blocks of 12 targets each. 
After completing all 10 blocks, you will be asked to complete a brief 
questionnaire. Afterwards, you will receive a rest break before you proceed to 
use the next device. You will proceed in this fashion until you have completed 
the task using all five devices. Feel free to rest as long as needed. The 
schedule is summarized as follows. 
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vi 

Practice (12 targets) 
Block 1 (12 targets) 

eshort rest break 
Block 2 (12 targets) 

«short rest break 

Block 5 (12 targets) 
Long Rest Break 

Practice (12 targets) 
Block 1 (12 targets) 

eshort rest break 
Block 2 (12 targets) 

eshort rest break 

Block 5 (12 targets) 
Questionnaire 
Long Rest Break 

Practice (12 targets) 
Block 1 (12 targets) 

eshort rest break 
Block 2 (12 targets) 

eshort rest break 

Block 5 (12 targets) 

meth 
Practice (12 targets) 
Block 1 (12 targets) 

eshort rest break 
Block 2 (12 targets) 

eshort rest break 

Block 5 (12 targets) 
Long Rest Break 

ETC. 
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If you have any questions, please ask them now. Otherwise, we will 
proceed. Remember, you will receive instructions for each cursor control device 
as well as a practice trial with that device before actual testing begins. 
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Please rate the cursor control device you have just used on the following 

  

  

  

  

  

  

  

  

scales: 

accurate | | | | | | | | inaccurate 
very quite slightly neutral — slightly quite very 

fast _ | | | | | | slow 
very quite Slightly neutral slightly quite very 

consistent | | | | | inconsistent 
very quite slightly neutral slightly quite very 

natural | | | { | | | { unnatural 
very quite _— slightly neutral slightly quite —- very 

comfortable | | | | | | | uncomfortable 
very quite slightly neutral siightly quite very 

relaxing | | | | | | | | fatiguing 
very quite siightly neutral siightly quite very 

acceptable | | | | | | | | unacceptable 
very quite slightly neutal  sightly quite very 

pleasing | | | | | | | irritating 
very quite slightly neutral slightly quite very 

good | | | | | | | | bad 
  

very quite sightly neutral sightly quite very 
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Please rank the cursor control devices on the following scales: 

Preference: Most preferred 
  

  

  

  

Least preferred 
  

  

Accuracy: Most accurate 

  

  

  

Least accurate 
  

  

  

  

  

  

Speed: Fastest 

Slowest 

Comfort: Most comfortable 
  

  

  

  

Least comfortable 
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Fatigue: Most fatiguing 
  

  

  

  

Least fatiguing 
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Trackball 

The trackball is operated by rolling the ball in the direction in which you 

want the cursor to move on the screen (e.g. if you roll the ball to the right, the 

cursor will move right on the screen). You may use your fingertips, palm, or any 

other body member (or aid) to roll the ball. The two methods of using the device 

consist of a "button up” and a "button down" mode. In the button up mode, you 

will roll the ball to place the cursor inside the final target. Then you will press 

and release the key on the lower left side of the trackball labeled “button click" 

to select the target. In the button down mode, while inside the start target you 

will first press and release the button on the lower right side of the trackball 

labeled "button up / button down" (this locks the button down). You will then roll 

the ball to position the cursor inside the final target. To select the target, you will 

press and release the same key in the lower left corner of the trackball. 

Remember, you will be shown how to use the trackball and allowed to practice 

with the trackball before you will be tested. 

Any questions? 
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Mouse (configuration 1) 

The mouse is operated by sliding it across the foam pad in the direction 

in which you want the cursor to move on the screen (e.g. if you slide the mouse 

to the right, the cursor will move right on the screen). If you pick up the mouse 

and move it to a new position on the pad, the cursor position on the screen will 

not change. You may hold the mouse and pick it up and move it in any manner 

that is easiest and most comfortable for you. The two methods in which you will 

be using the mouse are button up mode and button down mode. In button up 

mode, you will simply slide the mouse to move the cursor inside the final target, 

and then press and release the button located on top of the mouse. In the 

button down mode, while inside the start target you will first press the button on 

top of the mouse, and then hold it down while sliding the m to position the 

cursor inside the final target. When the cursor is inside the final target, you will 

release the button. Remember, you will be shown how to operate the mouse 

and be allowed to practice with the mouse before you use it in testing. 

Any questions? 
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Mouse (configuration 2) 

The mouse is operated by sliding it across the foam pad in the direction 

in which you want the cursor to move on the screen (e.g. if you slide the mouse 

to the right, the cursor will move right on the screen). If you pick up the mouse 

and move it to a new position on the pad, the cursor position on the screen will 

not change. You may hold the mouse and pick it up and move it in any manner 

that is easiest and most comfortable for you. You may use the handle across 

the top of the mouse is to aid you in lifting the mouse. Simply raise your hand 

against the handle and then move the mouse to a different position on the 

mouse pad (with this handle, you do not have to grip the mouse to lift it). Or, if 

you choose, you may relocate the cursor on the screen without lifting the 

mouse. To do this, simply slide the mouse in the opposite direction of the 

direction you need to go. Continue sliding the mouse past the point where the 

cursor reaches the edge of the display and stops moving. The experimenter will 

demonstrate this method to you and allow you to practice. 

The two methods you will be using the mouse are button up mode and 

button down mode. In button up mode, you will simply slide the mouse to move 

the cursor inside the final target, and then press and release the button located 

on top of the mouse. In the button down mode, while inside the start target you 

will first press the button on top of the mouse, and then hold it down while 

sliding the mouse to position the cursor inside the final target. When the cursor 

is inside the final target, you will release the button. Remember, you will be 

shown how to operate the mouse and be allowed to practice with the mouse 

before you use it in testing. 

Any questions? 
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Mouse (configuration 3) 

The mouse is operated by sliding it across the foam pad in the direction 

in which you want the cursor to move on the screen (e.g. if you slide the mouse 

to the right, the cursor will move right on the screen). If you pick up the mouse 

and move it to a new position on the pad, the cursor position on the screen will 

not change. You may hold the mouse and pick it up and move it in any manner 

that is easiest and most comfortable for you. The two methods you will be 

using the mouse are button up mode and button down mode. In button up 

mode, you will simply slide the mouse to move the cursor inside the final target, 

and then press and release the button on the keyboard labeled "button click". In 

the button down mode, you will first press and release the button located on the 

keyboard marked "button down"; this will lock the button down. Then slide the 

mouse to move the cursor inside the target. You will then unlock the button by 

pressing the key on the keyboard labeled “button up". Remember, you will be 

shown how to operate the mouse and be allowed to practice with the mouse 

before you use it in testing. 

Any questions? 
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Cursor Keys 

The cursor keys are operated by pressing one of the eight directional 

keys. The direction which the cursor will move is shown by the direction of the 

arrow on each key. If you briefly press and release the key, the cursor will move 

one space. If you press and hold down a key, the cursor will continue to move 

across the screen until you release the key. The two methods of using the 

device consist of a “button up" and a “button down" mode. Jn the button up 

mode, you will place the cursor inside the target by pressing the appropriate 

keys. Then you will press and release the key on the keyboard marked "button 

click" to select the target. In the button down mode, while inside the start target 

you will first press and release the button on the keyboard labeled "button 

down" (this locks the button down). You will then position the cursor inside the 

final target. To select the target, you will press and release the key on the 

keyboard labeled “button up". Remember, you will be allowed to practice with 

the cursor keys each time they are changed before you use them in testing. 

Any questions? 
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Joystick 

The joystick is operated by tilting the handle in the direction in which you 

want the cursor to move on the screen (e.g. if you tilt the handle to the right, the 

cursor will move right on the screen). The two methods in which you will be 

using the joystick are button up mode and button down mode. In button up 

mode, you will simply tilt the handle to move the cursor inside the final target, 

and then press and release the button located on top of the joystick. In the 

button down mode, while inside the start target you will first press the button on 

top of the joystick, and then hold it down while tilting the handle to position the 

cursor inside the final target. When the cursor is inside the final target, you will 

release the button. Remember, you will be shown how to operate the joystick 

and be allowed to practice with the joystick before you use it in testing. 

Any questions? 
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Joystick (configuration 2) 

The joystick is operated by tilting the handle in the direction in which you 

want the cursor to move on the screen (e.g. if you tilt the handle to the right, the 

cursor will move right on the screen). The two methods in which you will be 

using the joystick are button up mode and button down mode. In button up 

mode, you will simply tilt the handle to move the cursor inside the final target, 

and then press and release the button on the keyboard labeled “button click”. In 

the button down mode, while inside the start target you will first press the button 

on the keyboard labeled “button down", then tilt the handle to position the cursor 

inside the final target. When the cursor is inside the final target, you should 

press the button on the keyboard labeled “button up". Remember, you will be 

shown how to operate the joystick and be allowed to practice with the joystick 

before you use it in testing. 

Any questions? 
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Tablet (configurations 1 and 2) 

The tablet is operated by touching the tip of the stylus against or holding 

it slightly above the surface of the tablet. If you have difficulty firmly gripping the 

stylus, a strap is available which fits around your hand and securely holds the 

stylus in place. You may lift and move the stylus, or slide it against the surface of 

the tablet. Each position on the tablet corresponds to a specific position on the 

screen. Hence, if you place the stylus in the lower right hand corner of the 

active area (colored portion), then the cursor will move to the lower right hand 

corner of the screen. The two methods in which you will be using the tablet are 

button up mode and button down mode. In button up mode, you will simply 

place the stylus on the face of the tablet to move the cursor inside the final 

target, and then press and release the tip of the stylus against the tablet to 

activate the “button”. In the button down mode, while inside the start target you 

will first press the tip of the stylus, and then hold it down while sliding the tip of 

the stvlus across the tablet to position the cursor inside the final target. When 

the cursor is inside the final target, you will lift up on the stylus to inactivate the 

button. Remember, you will be shown how to operate the tablet and be allowed 

to practice with the tablet before you use it in testing. 

Any questions? 
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Appendix F: Functional Assessment Test: Instructions for Construction, 
Expansion, Administration, and Interpretation of the Results 

130



VEAC Small Parts Manipulation Test 
User's Manual: 

Instructions for Construction, Expansion, 
Administration, and Interpretation of 

the Results 

Sherry Perdue Casali 
July, 1991 
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INTRODUCTION 

The Virginia Engineering Assessment Center's Small Parts Manipulation 
Test was developed at Virginia Polytechnic Institute and State University. It is 
an assessment test developed to test the abilities of persons with functional 
impairments concerning the upper extremities to accomplish basic physical 
actions. The results of the assessment are designed to be useful to 
occupational therapists and others working in the area of computer 
accommodation and other areas concerning employment in an electronic office 
environment. 

The test has been originally developed to test the basic actions needed 
in Operating five very common cursor control devices: a mouse, trackball, 
directional cursor keys, joystick, and a graphics tablet, as well as several other 
similar actions. However, because the basic actions required to operate many 
other devices are, in fact, a subset of those needed in operating these five 
devices, the assessment test itself can actually be used without modification to 
suggest performance with other devices as well. In addition, the original set of 
subtests can easily be expanded to test other basic actions when necessary to 
suggest performance with a device requiring actions other than those measured 
in the original set of subtests. 

This manual will first present to you a systematic process in which you 
can identify the basic actions required in completing a task of interest. This will 

' determine which subtests of this assessment test are relevant for your situation. 
The manual will present to you the method for selecting subtests which will 
measure the actions required in completing the specific task that you're 
considering. Also, when you identify actions required by a task but which are 
not measured by the test, the manual will describe the method used to create 
subtests of your own to measure those specific actions. 

Also, each of the original subtests will be described in detail, including 
the objective of the subtest, the necessary equipment (along with suggestions 
on how to construct the equipment), as well as standardized instructions. When 
you create subtests of your own, use the subtests presented here as a guide. 
You will want to use similar equipment and construct standardized instructions 
resembling those presented here. 

Finally, the manual will describe how to interpret the results of the 
assessment test. 
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PRE-ASSESSMENT ACTIVITIES 

The VEAC Small Parts Manipulation Test was designed to measure a 
person's ability to accomplish basic physical actions. The types of actions 
considered are those typically required by persons involved in light deskwork 
and the operation of electronic office equipment. 

Because the objective of the assessment test is to measure an 
individual's ability to accomplish the actions necessary in performing light 
deskwork and using electronic equipment, it was first necessary to construct a 
list of the actions typically required in such environments. To limit the scope of 
the initial test, only a small subset of electronic office equipment was 
considered. By doing so, the feasibility of the approach as well as the 
methodology for the development of the test could easily be demonstrated. If 
shown to be a useful approach, the test could then be easily extended to 
include actions required in other forms of light deskwork and in the operation of 
additional electronic office equipment. The method used for constructing the 
original set of subtests will be presented here, not only because it is important 
for you to understand the test you're using, but also because you will use the 
same procedures when selecting the subtests you will use, and when creating 
additional subtests to test other actions. 

Five computer input devices were originally chosen. Each of these were 
carefully analyzed to determine what basic actions were required when 
operating the device in a standard manner. This analysis involved simply 
observing persons while using each of the devices and breaking down their 
physical actions into the most elementary components possible. Note that the 
actions are expressed in terms of the resulting condition of the object being 
acted on, not in terms of the actual motion or the appendage causing that 
action. This is because the action should be independent of the means by 
which it is accomplished. In other words, the method used to accomplish an 
action is completely irrelevant. The important criteria is whether or not the 
individual has the skill (using whatever body part or aide necessary) to 
accomplish a given task. 

Once the elementary actions required in using the five devices were 
identified, they were organized into action categories, and appropriate 
descriptors for each category were identified. The resulting set of categories 
and descriptors are shown in Table 1. Note that not all possible descriptors are 
included for each action category. For example, “distance of move" is of course 
an important attribute of the action "move". However, in order to keep the length 
of the testing time to a reasonable level, certain assumptions regarding the 
inter-relationships of the actions had to be made. In this case, for example, it 
would be assumed that if a person could reach long distances, and s/he could 
move an object a short distance, then s/he could move that object a long 
distance. Therefore, distance would not be varied in the move action. If such 
assumptions were not made, and hence each action had to be tested using 
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every combination of all possible descriptions, the length of the time to 
administer the test would very quickly grow to become unreasonable. 

Once the action categories and appropriate descriptors were identified, 
appropriate levels of each descriptor to be tested were determined. The levels 
used were not just those found to be present in each of the five devices. Rather, 
a representative sample of what is thought to be the entire range for each 
descriptor of each action in a wide range of tasks. Hence, Tables 2 thru 5 show 
the levels of each descriptor to be tested for each of the action categories. Note, 
the actions "repetition speed" and "reaction time" do not have additional 
descriptors. Once the actions and descriptors were identified, a subtest was 
developed which mimicked the action and appropriate level of each 
corresponding descriptor. Tables 2 thru 5 also show the subtest name 
associated with each of the actions and descriptor levels. Table 6 shows which 
actions and descriptor levels (as indicated by the subtest name) are considered 
essential for the operation of each of the five devices. 

Hence, as initially constructed, the test includes 6 action categories 
(reach, slide, lift/move, place, reaction time, and repetition speed), with several 
levels of numerous descriptors for each action, resulting in a total of 39 subtests. 
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Table 1. Action Categories and Associated Descriptors. 

  

Action Category riptor 

reach target size 
target distance 

slide resistance 
target size 

lift/move object size 
object shape 
object weight 

place object size 
object shape 

repetition speed 

reaction time 

  

Table 2. Action Categories and Descriptor Levels - Reach. 

  

Reach Target Distance (in.) Target Size (in2-) 
Subtest (center to center) 

R1 
R2 
R3 
R4 
R5 
R6 
R7 
R8 
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Table 3. Action Categories and Descriptor Levels - Slide. 
  

  

Slide Resistance Target Size (in2-)" 
Subtest 

$1 low 2 (exact positioning) 
$2 low 3 (fine positioning) 
$3 low 4 (gross positioning) 
S4 high 2 (exact positioning) 
$5 high 3 (fine positioning) 
S6 high 4 (gross positioning) 
  

* Because the object size is 2"x2", target sizes of 2, 3, and 4 in@ represent exact, 
fine, and gross precision positioning, respectively. 

Table 4. Action Categories and Descriptor Levels - Lift/Move. 
  

  

Lift/Move Object Size Object Weight* 
Subtest ___—«& Shape (ounces) 

L1 1/4" cube - 
L2 1/2" cube - 
L3 1" cube 1.5 
L4 1" cube 3 
L5 2" x 2"x 1 3/4" 3 
L6 2" x 2" x 1 3/4" 6 
L7 2" x 2" x 1 3/4" 10 
L8 3" x 3" x 1 3/4" 3 
LQ 3" x 3" x 1 3/4" 6 
L10 3" x 3" x 1 3/4" 10 
L11 1/4" dia cylinder - 
L12 1/2" dia cylinder - 
L13 1" dia cylinder - 
L14 1"x 1" x 1/8" flat square - 
  

* No entry indicates that the weight is simply that of the object. 
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Table 5. Action Categories and Descriptor Levels - Place. 

  

  

Place Object Size 
Subtest & Shape 

P1 1/4" cube 
P2 1/2" cube 
P3 1" cube 
P4 2" x 2" x 1 3/4" 
P5 3" x 3" x 1 3/4" 
P6 1/4" dia cylinder 
P7 1/2" dia cylinder 
P8 1" dia cylinder 
PQ 1"x 1" x 1/8" flat square 
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Table 6. Subtests relating to the operation of each of the five initially 
considered devices. 

Subtest Mouse Ball Keys Joystick Tablet 

R1 X X X X 

R2 X x 

R3 X X 

R4 

RS 

R6 

R7 

R8 

  

S1 

S2 

$3 

S4 

$5 

S6 

L1 

L2 

L3 

L4 

L5 

L6 

L7 

L8 

L9 
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P4 

P5 

P6 

P7 

P8 

P9 

Repetition 

Reaction 
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When using the assessment test to determine whether an individual is a 
candidate user of a particular piece of equipment, it is first essential to 
determine what basic actions are required to operate that piece of equipment. If 
you're considering one of the five devices used in developing this test, you can 
simply refer to Table 6. However, even in this case, you should review the list 
carefully to make sure subtle differences between different manufacturer's 
products do not impact the actions required in using the device. Therefore, you 
should always first analyze the device (either directly or via a detailed 
description) and decompose the actions required for operating the device into 
the basic elements. You can refer to the list of actions and descriptors shown in 
Table 6. Simply determine which of these action/descriptors are used in 
operating that particular device. Hopefully, at some time in the future, it will be 
possible to include this type of information in descriptions of the product (like 
manufacturer brochures and product databases), therefore not requiring you to 
have access to a device before considering it or relying on inadequate written 
descriptions. In fact, one of the strengths of this approach is that if the action 
descriptions of different devices were provided to a counselor, s/he could 
immediately eliminate from consideration those devices which a client could not 
used (as indicated by the assessment test) without first having to acquire the 
product. 

When administering the test, it is only essential to include those subtests 
relating to the specific action/descriptor items needed when using the devices of 
interest. Using a table similar to Table 6 (a sample form can be found in 
Appendix A), simply check-off the appropriate subtests which best represent the 
actions required in using each device being considered (you may wish to 
highlight the appropriate blocks, so that you may later fill-in the blocks with the 
subtest scores). Then when administering the assessment test, you may 
choose to only administer those subtests related to the devices you are 
currently considering. Of course, to gain a complete picture of the individual's 
skills, you may wish to administer the entire set of subtests. This will also allow 
you to consider additional products with minimal retesting, or in some cases no 
retesting at ail. 

Test Expansion 
It is quite probable that when considering devices significantly different 

than the initial five devices used in forming the assessment test, you will identify 
actions which are not measured in the original set of 39 subtests. In such 
cases, it is quite simple to expand the test to include subtests you construct 
yourself. Simply follow the method described above that was used to construct 
the initial set of subtests. 

You will first want to study the device and break the physical 
requirements into elementary components. Use the 39 available subtests to aid 
in doing this. Next, identify the required actions for which a subtest already 
exists. You only need to create new subtests for those actions that are not 
already represented. Consider these "missing actions” carefully, and using the 
equipment and procedures of the existing 39 subtests as a guide, construct new 
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subtests which will mimic the missing actions. You may be able to use pieces of 
the existing equipment, or you may have to be creative in coming up with 
additional equipment. Finally, write instructions for the new subtests, again 
using those already existing in this assessment as a guide, so that the test as a 
whole will not seem disjointed. 

You should now know how to analyze a candidate device, select the 
relevant subtests, and construct new subtests where needed. Let's now learn 
the details of administering the subtests, and what equipment you'll need. 

141



ASSESSMENT ACTIVITIES 

INTRODUCTORY INSTRUCTION 
Once you have analyzed the candidate devices and selected the 

subtests you wish to administer, you're ready to begin testing. 
Remember, just as with any other type of physical skills testing, you'll want to 
maintain the client's typical daily schedule (i.e. meals and medications as 
usual). Also, allow the client to take breaks as necessary, but try to complete a 
test before resting. Also, it is very important to remember that we want to 
measure the person's maximum capability. Therefore, if an aid would be useful, 
please encourage the use of it. If repositioning of the test equipment or 
individual would make the task easier, please encourage that as well. Making 
notes on behavior such as the way in which a motion is performed may be 
beneficial when interpreting the results. Space is left on the data collection form 
to make notes for each subtest. Sample data collection forms are available in 
Appendix A. All timing should be done with a digital stop watch in hundredths 
of a second. 

In the following instructions, material to be read aloud to the client is 
printed in italics. Other instructions are printed in plain text. Before beginning 
testing, please read the following aloud to the individual: 

"This is a test to see how quickly and accurately you can 
manipulate small objects. The test will involve several subtests. 
Before you begin each part of the test, you will be told what to do, 
shown how to do it, and then you have an opportunity to practice. 

During practice, you should try different strategies for 
manipulating the object (i.e. different ways of grasping, pushing, 
pulling, etc.). During the practice, you may also wish to try 
repositioning yourself and/or the test equipment so that the task is 
easiest for you. During this time, feel free to ask any questions you 
may have. Be sure you understand the task fully before you begin. 
If you see that you can not perform the task without great difficulty, 
you can simply indicate to me that you'd like to proceed to the next 
task. 

You will receive two trials for most subtests. You will want 
to work rapidly, but do not sacrifice accuracy. Please try to 
complete each subtest without resting. You will receive a rest 
break between trials as well as between subtests. We will begin 
again whenever you are ready. During this time, I'll be happy to 
assist you in any way | can." 
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REACH Subtest 

Objective. The reach subtest is designed to measure how quickly and 
accurately the individual can move an appendage (or aide) about an average 
desktop working area. This test uses 8 separate but similar subtests. In each 
case, the individual is required to touch targets of various sizes and distances 
from one another quickly and accurately. 

Materials. Each of the 8 subtests uses a separate piece of paper with four 
squares drawn on it, and labeled with the numbers 1, 2, 3, and 4. The targets 
should be arranged in the pattern shown in Figure 1. The sizes of the targets 
and the distances between the targets vary for each of the 8 subtests as shown 
previously in Table 2. It is also suggested that a plastic overlay be used to 
protect the target boards from normal wear and tear. This can easily be 
accomplished by using a 15" x 15" piece of thin sheet metal as the base, a 15" x 
15" sheet of thin, clear plastic (av@lable at art supply or office supply stores), 
and small magnets to hold the plastic stationary. 

Description. For each of the 8 subtests, the individual is required to 
sequentially touch (with any body member or aid) inside each of the 4 targets in 
the order according to their numeric labels. One trial consists of repeating the 
4-target sequence a total of 4 times, for a total of 16 targets without pausing. 
The examiner should count silently the number of sequences the individual has 
performed and stop him/her when s/he has completed the sequence four times. 
The individual should not try to keep track of the number of times s/he has 
completed the sequence. One practice and two timed trials should be 
administered for each subtest. The subtests should be administered in the 
order listed previously in Table 2 and on the data collection form. The 
individual should, if at all possible, work slowly enough that s/he does not touch 
outside of the squares. Stop the individual and suggest s/he work slower if it is 
observed that s/he is continually touching outside of the target boundaries. If it 
is simply not possible for the individual to maintain the control necessary to stay 
within the boundaries, then the administrator should note on the appropriate 
space of the data collection form the difficulty in achieving accuracy. The target 
board can be placed anywhere on the table top that will allow the individual to 
best reach all four of the targets. Take time to ensure that the target board is 
placed in the best location before beginning. Timing begins when the 
individual first touches square 1 and ends when the individual last touches 
square 4. Time scores for each of the two trials, along with a description of the 
method used, should be recorded on the data collection form in the appropriate 
spaces. 

“The object of this test is to see how quickly you can touch each of 
the targets in the order according to the numerical labels. You will 
be tested on 8 different target boards, varying from one another in 
target size and distance between the targets. You should always 
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use your preferred hand. For each subtest, you will begin with the 
target labeled 1, then proceed to targets 2, 3, and 4. You will then 
immediately begin the sequence again, and repeat for a total of 
four times. | will count silently and indicate when to stop, therefore, 
you do not need to count how many times you have completed the 
sequence. Timing will begin when you touch target 1 the first time 
and will end when you touch target 4 the last time. 

You should work as quickly as possible, but you should not 
Sacrifice accuracy for speed. You should try to touch inside the 
target areas only. 

Finally, you may use whatever method you choose to touch 
the targets. For example, you may use a fingertip, a u-cuff and 
Stylus, or a head or mouthstick. Remember, we can reposition the 
board, or you can reposition yourselt if it will make it easier for you 
to reach the targets.” 

"Watch while | demonstrate." Demonstrate touching the 
targets using the target board of subtest R1. Do four complete 
sequences. 

"Do you have any questions?" 
"You will first practice, then complete 2 trials for each 

subtest. Begin the practice trial when you are ready.” \f mistakes 
are made during the practice period, they should be corrected 
before actual testing begins. The examiner should be prepared to 
begin timing the individual when s/he is ready to begin. 
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SLIDE Subtest 

Objective. The slide subtest is designed to measure how quickly and accurately 
an individual can manipulate small objects on a desktop, within a typical 
working area, without being required to lift the object. Hence, s/he will slide an 
object on a tabletop into various sized target areas. 

Materials. For this test, two objects will be used: one that slides with virtually no 
resistance, and one that slides with significant resistance. For the low 
resistance object, a 2" x 2" x1 3/4" wooden square (i.e. a 2" x 2" square cut from 
a standard 2" x 4") is used. For the high resistance object, the same sized wood 
square with a 2” x 2" piece of rubber pad (i.e. a square cut from a standard 
mouse pad) glued to the bottom is used. 

The target boards are constructed in the same manner that the reach 
targets were: simply draw squares on a sheet of paper. Three target boards will 
be used for the slide test: 2" squares, 2 1/2" squares, and 3" squares, arranged 
in the pattern shown in Figure 2, each with a center-to-center distance of 2", and 
3" as shown. The distances between the targets for each of the target boards is 
shown in Table 2. No numeric labels are used on these target boards. The 
same base and plastic overlay suggested for use in the reach test should be 
used here. 

Description. Six subtests are performed: the three target boards with the low 
resistance object, and the three target boards with the high resistance object. 
For each subtest, the test begins with the object placed in the upper left hand 
target. When the examiner says begin, the individual contacts the object, and 
slides it to the next square. In trial one, the individual slides the object ina 
clockwise direction to each of the other three targets and returns to the starting 
square. In trial two, s/he slides the object in a counterclockwise direction to 
each of the other three targets and returns to the starting square. In all cases, 
the individual must position the object inside the target area, briefly release 
contact with the object, and then make contact again and slide the object to the 
next target. This is to insure that the object is correctly positioned inside the 
target boundaries before it is moved again. The individual should not wait for 
you to signal to continue, rather s/he will briefly pause (approximately 1 second) 
and then continue. The object may be in contact with the target boundaries and 
still be considered properly placed, but it should not extend outside the target 
boundaries. Make sure the individual understands this and performs correctly 
during the practice. The target board can be placed anywhere on the table top 
that will allow the individual to best reach all four of the targets. Take time to 
ensure that the target board is placed in the best location before beginning. 
Timing begins when the individual first makes contact with the object and ends 
when the individual releases the object on the forth and final move. The time 
scores for both trials, as well as any notes concerning accuracy and method 
used should be recorded on the appropriate spaces on the data collection 
forms. 
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"The object of this test is to see how quickly and accurately you 
can slide small objects across a flat surface, and onto a target 
area. You will be tested with 3 different target boards, varying in 
target size and two different sets of objects, varying in their 
resistance to movement, for a total of 6 subtests. 

For each subtest, you will slide 1 object from one target 
area to the next. After positioning the object on a target, you must 
lift you hand to indicate the object is positioned, then begin again 
immediately to slide the object to the next target. 

You must position the object completely within the target 
area. No part of the object should lie over the target boundary. 
You should make sure the object is positioned properly inside the 
target before starting to move it again. Always remember to lift 
your hand or aid after positioning the object to indicate to me the 
object is in place before starting to move it again. 

Timing will begin when you first touch the object and will 
end when you release the object after the last move. 

You should work as quickly as possible, but do not sacrifice 
accuracy for speed. Each object should be entirely within the 
target boundaries before continuing. 

Finally, you may use whatever method you choose to slide 
the objects. For example, you may use a fingertip, one hand, both 
hands, a u-cuff and stylus, or a head or mouthstick. Remember, 
we can reposition the board, or you can reposition yourself if it will 
make it easier for you to reach the targets.” 

“Watch while | demonstrate." Slide the object from the start 
target to each of the other three targets, and back to the start target 
in the clockwise direction. Pay particular attention to releasing the 
object at each target. 

"Do you have any questions?" 
"You will first practice, then complete 2 trials for each 

subtest." 
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Figure 1. Arrangement of targets for the reach subtests. 

    

            

    

            

Figure 2. Arrangement of the targets for the slide subtests. 
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LIFT/HOLD/MOVE Subtest 

QObiective. The objective of the lift test is to measure a person's ability to lift and 
move objects of various sizes and weights. No precision in placing the objects 
is required. 

Materials. Fourteen different objects are used. For each object category, at 
least three identical objects will be needed. The objects for each of the 14 
subtests required are: 

L1: 1/4" wooden cube (negligible weight) 
L2: 1/2" wooden cube (negligible weight) 
L3: 1" aluminum cube (weighing approximately 1.5 ounces) 
L4: 1" steel cube (weighing approximately 3 ounces) 
L5: 2"x2"x1 3/4" wooden block (a 2"x2" square cut from a 

standard 2"x4") with a hole to accommodate a 3 ounce weight 
L6: 2"x2"x1 3/4" wooden block and a 6 ounce weight 
L7: 2"x2"x1 3/4" wooden block and a 10 ounce weight 
L8: 3"x3"x1 3/4" wooden et and a 3 ounce weight 
L9: 3"x3"x1 3/4" wooden block and a 6 ounce weight 
L10: 3"x3"x1 3/4" wooden block and a 10 ounce weight 
L11: 1/4" diameter, 6" long wooden cylinder 
Li2: 1/2" diameter, 6" long wooden cylinder 
L13: 1" diameter, 6" long wogden cylinder 
L14: 1" square cut from 1/8" aluminum sheet 

For objects 5-7 and 8-10, one set of 2” and 3" blocks can be made in 
which the various weights are placed. The weights can easily be cut from bar 
stock steel, and holes bored in the wooden biocks of the same diameter so that 
the weights remain secure in the blocks while being manipulated. In addition, it 
is suggested that small holes extend completely through the wood to aid in 
removing the weights from the holes. See Figure 3 for a detailed sketch of this 
arrangement. Also, the cylindrical shaped wooden objects can quickly be 
constructed by simply purchasing wooden dowels of the appropriate diameter 
and cutting them to length. 

In addition, a partition is needed in which the objects are lifted over. A 
2"x2"x12" wooden block is suggested. 

Description. For each subtest, the individual is to lift three identical objects, one 
at a time, over the partition and place it on the opposite side. S/he can use one 
or both hands (and any aide needed) to lift the objects. For each lift, the 
individual must carry, not toss, the object to the opposite side of the partition. 
Therefore, s/he should make sure that his/her fingers (or whatever body part or 
aid is being used) cross the plane created by the barrier. S/he is not required to 
sit the object on the tabletop, but to simply drop it gently onto the tabletop. In 
trial 1, the individual moves the objects from left to right. In trial 2, the individual 
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moves the objects from right to left. Before each trial, the objects should be 
placed at least 2" from one another and at least 3” from the partition to allow 
adequate space in which the individual can work without interference from 
surrounding objects. The objects and partition can be placed anywhere on the 
table top that will allow the individual to best reach both sides of the partition. 
Take time to ensure that the equipment placement is satisfactory before 
beginning. Timing begins when the individual first makes contact with the first 
object, and ends when the last object makes contact with the tabletop as the 
individuals releases it. The subtests should be presented in the order 
according to the list shown above and on the data collection sheets. Time 
scores for each of the two trials, along with a description of the method used, 
should be recorded on the data collection form in the appropriate spaces. 

"The object of this test is to see how quickly you can move objects 
of various sizes and weights from one side of a partition to the 
other side. Several different categories of objects will be tested. 
For each subtest, 3 identical objects will be moved. You will move 
3 objects, one at a time, to the opposite side of the partition. You 
do not have to place the objects neatly on the table top, but rather 
can simply drop them over the partition. You must, however, move 
the object all the way to the other side, and not toss it across the 
partition. Therefore, you must make sure the object is completely 
across the partition before you release contact with it. 

Timing will begin when you touch the first object and will 
end when you release the last object. 

You should work as quickly as possible. 
Finally, you may use whatever method you choose to lift the 

objects. For example, you may use one hand or both hands or 
any aide. Remember, we can reposition the board, or you can 
reposition yourself if it will make it easier for you to reach the 
targets." 

"Watch while | demonstrate." Using the objects of L1, L7, 
and L11, demonstrate moving the 3 objects, one at a time, to the 
other side of the partition. 

"Do you have any questions?” 
"You will first practice, then complete 2 trials for each 

subtest." 
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PLACE Subtest 

Objective. The objective of this test is to see how quickly and accurately an 
individual can not only lift and move objects of various sizes, shapes, and 
weights, but also place them with high levels of precision. 

Materials. Nine of the object categories from the lift/move test will be used in this 
test. Where several object categories of the same shape, but of differing 
weights were used in the lift test, only the lightest weight object category will be 
used here (primarily in effort to keep testing length to a reasonable level). 
Hence the following object categories will be used: 

L1 
L2 
L3 
L5 
L8 
L11 
L12 
L13 
L14 
As a result, no new equipment is required for the objects themselves. 

However, target boards will be used to require precise placement of each of the 
objects. The target boards in this subtest will consist of wooden boards, 
approximately 6"x 12" x 3/4", with holes of the appropriate shape and size cut to 
create a template through which the objects are placed. At least three boards 
are used. The first has a 1/4" square hole, a 1/2" square hole, and a 1" square 
hole, to be used with objects L1, L2, and L3 respectively. The second board 
should have a 2" square hole and a 3" square hole to be used with objects L5 
and L8. The third board should have (3) 1/4" diameter circular holes, (3) 1/2" 
diameter circular holes, (3) 1" diameter circular holes, and a 1" "slot", for objects 
L11, L12, L13, and L14 respectively. It is not critical that the holes be arranged 
in precisely this manner, so long as the necessary size and shaped holes are 
available. However, if the boards are laid out as such, testing progresses 
without unnecessary interruption for changing test boards. In addition, a frame 
to hole the template boards is necessary, so that when an object is placed in 
the hole and released, it drops through and clears the hole for the next object. 
(This is not easily accomplished with the 6" cylindrical objects, hence 3 holes, 
one for each object are cut and the object simply sits in the hole, resting against 
the tabletop. This frame is illustrated in Figure 4. 

Description. For each of the 9 subtests, the individual is required to lift 3 
identical objects, one at a time, and place it through the corresponding hole in 
the template. The object should fit freely through the hole upon release and 
drop to the tabletop. It is perfectly acceptable to lift the object and rest it on top 
of the template, then regrasp it and place it so that it falls through the hole. The 
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holes, however, should provide a low enough tolerance so that the object can fit 
through the hole only when positioned carefully, hence it would not be possible 
to sit the object on the template and simply slide it into the hole. Timing begins 
when the individual first contacts the first object and ends when s/he releases 
the last object. Because this subtest may require a longer time period than the 
others, only one trial is required. The subtests should be presented in the order 
listed above and on the data collection sheet. Time scores, along with a 
description of the method used for each subtest should be recorded on the data 
collection form in the appropriate spaces. 

Place Test Instructions. 
"The object of this test is to see how quickly and accurately you 
can place small objects onto a target area of the same size and 
shape. You will be tested with several different categories of 
objects. 

For each subtest, 3 similar objects will be moved. You will 
lift and place each object, one at a time, through the similarly 
shaped template. 

Timing will begin when you touch the first object and will 
end when you release the last object. 

You should work as quickly as possible. 
Finally, you may use whatever method you choose to lift the 

objects. For example, you may use one hand or both hands. 
Remember, we can reposition the board, or you can reposition 
yourself if it will make it easier for you.” 

“Watch while | demonstrate.” Demonstrate placing all 3 
objects of categories L1, L5, and L11. 

"Do you have any questions?" 
"You will first practice, then complete 1 trial for each 

subtest.” 
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Figure 3. Schematic diagram of metal weight and wooden block. 
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BEPETITION SPEED Subtest 

Objective. The objective of this test is to see how rapidly an individual can 
repeatedly perform a simple tapping motion. 

Materials. In this test, tapping speed was measured by using a customized 
computer program under Hypercard (see Appendix B), and the standard button 
on a Macintosh mouse. However, a simple test board not requiring the use of a 
computer can also be constructed if a computer is not readily available using 
any easily activated button with a small travel distance attached to a simple 
counter. You can then either time manually, or also incorporate a timing 
mechanism. 

Description. The individual is required to press a button, which requires 
minimal activation force (approximately that of a typical electric keyboard key or 
computer keyboard key) and a very small travel distance (at least as small as 
that of a typical keyboard) repeatedly, as quickly as possible for a total of ten 
seconds. Timing begins when the key is first pressed and ends after a 10 
second period. A practice trial, and then 3 actual timed trials will be given. The 
time scores as well as a description of the method used should be recorded on 
the appropriate spaces on the data collection form. 

ns. 
"The object of this test is to see how many times you can tap a 
button in a 10 second period. The ten second period will begin 
the first time you press the button. You should continue pressing 
and releasing the button until a tone sounds, indicating the end of 
the trial. You should work as quickly as possible. 

Finally, you may use whatever method you choose to press 
the button. For example, you may use a fingertip, a u-cuff and 
Stylus, or a head or mouthstick. 

"Watch while | demonstrate." Demonstrate 1 actual trial. 
"Do you have any questions?" 
"You will first practice, then complete 3 trials for each 

subtest." 

153



REACTION TIME 

Qbijective. The objective of this test is to measure an individual's simple 
reaction time to an auditory stimulus. 

Materials. In this test, reaction time was measured by using a customized 
computer program under Hypercard (see Appendix *), and the standard button 
on a Macintosh mouse. However, a simple test board not requiring the use of a 
computer can also be constructed if a computer is not readily available using 
any easily activated button with a small travel distance attached timing device. 

Description. The individual begins by pressing the button and holding it down. 
A random period of time will pass (between 2 and 10 seconds), and then a 
beep will sound. When the individual hears the beep, s/he should immediately 
release the button. The time measured in the elapsed time between the 
occurrence of the beep and the release of the button. A practice trial and then 3 
actual timed trials will be completed. The time scores as well as a description of 
the method used should be recorded on the appropriate spaces on the data 
collection form. 

Reaction Time Subtest Instructions. 
"The object of this test is to see how quickly you can release a 
button after receiving a cue to do so. You will first press and hold 
the button. After pressing the button, a short period of time, 
between 2 and 10 seconds will pass before a tone sounds. When 
you hear the tone, release the button as quickly as possible. 

Finally, you may use whatever method you choose to press 
the button. For example, you may use a fingertip, a u-cuff and 
Stylus, or a head or mouthstick." 

“Watch while | demonstrate." Demonstrate 1 actual trial. 
"Do you have any questions?" 
"You will first practice, then complete 3 trials for each 

subtest.” 
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RESULTS INTERPRETATION 

Data R ion and Normalization 
For those subtests where two trials were administered, the scores 

obtained on the two trials should first be averaged to provide a single score for 
each subtest. If, however, one of the scores is exceptionally higher or lower 
than the other, and you can justify the score as being caused by some spurious 
event (e.g. if the subject dropped an object) and the trial was not repeated, you 
may choose to simply take the one good score rather than average the two. 

Next, you will need a basis of comparison against which you can judge 
the scores of each subtest. A score of 8.7, for example, on a subtest is 
meaningless unless you have some indication of what constitutes "normal" 
performance. Table 7 shows the average score for each subtest for a subject 
sample of 10 nondisabled individuals, ranging in age from 20 to 37 years, and 
composed of 5 males and 5 females. 

For subtests other than the 39 original subtests (i.e. those you make-up 
yourself to mimic additional actions), you will want to collect scores on each 
subtest from a small sample (approximately 10 persons) of individuals without 
disabilities. Using only 10 subjects to form this “average normal score" does not 
provide an error-free estimate of the population norm, but it is sufficient for our 
purposes to provide an estimate of the expected norm. You should choose a 
mix of individuals; males and females, and a range of ages. Although you do 
not need to be too selective, be careful not to choose 10 persons who all lift 
weights 7 times per week! When collecting scores from the nondisabled subject 
sample, you should follow the same instructions as when administering the test 
to persons with disabilities. 

Next, you will need to "normalize" the individual scores on each subtest 
with respect to the "average normal score”. To do this, you should use the 
following equations: 

if a low score corresponds to good performance (e.g. time to complete a task): 

Normalized Score = average normal score x 100 
individual score 

If a high score corresponds to good performance (e.g. repetition speed): 

Normalized Score = individual score x 100 
average normal score 

Device Eliminati 

To ease interpretation, you should first fill in the subtest selection table (a 
blank master form is given in Appendix A). Enter the name of each device 
being considered as the headings of each of the columns. The original 39 
subtests are listed along the left-most column. Blank spaces are available at 
the end to add additional subtests. Identify, possibly by highlighting the squares 
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Table 7. Average Normal Score for Each Original Subtest 
  

Subtest Mean Score 

R1 
R2 
R3 
R4 
R5 
R6 
R7 
R8 
S1 
S2 
$3 
$4 
$5 
S6 
L1 
L2 
L3 
L4 
L5 
L6 
L7 
L8 
L9 
L10 
L11 
L12 
Li3 
L14 
P1 
P2 
P3 
P4 
P5 
P6 
P7 
P8 
Pg 
REP 
REACT 

3.652 
3.549 
4.889 
4.245 
3.632 
7.402 
6.021 
4.566 
4.146 
2.493 
1.993 
8.059 
4.455 
3.224 
2.117 
1.692 
1.901 
2.097 
2.022 
2.010 
2.235 
2.110 
2.185 
2.151 
2.105 
1.995 
2.009 
2.560 
4.608 
3.882 
3.505 
4.284 
4.780 
4.606 
3.772 
3.534 
4.604 
64.75 
0.301 
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with a colored pen, the relevant subtests for each device being considered. 
Next, fill in the client's normalized score for each relevant subtest for each 
device being considered. If a client was unable to perform a subtest, enter a 
zero. An example of a completed form is shown in Table 8. 

When deciding whether an individual can use a given device, first survey 
the column associated with the device for zero's. A zero indicates that the client 
is unable to perform an action which is necessary to operate the device. If at 
least one zero is present, the client will most likely be unable to use the device 
in the standard configuration. 

If the individual scores well on all of the subtests (i.e. approximately 50% 
or better on most subtests), there will likely be no question that the individual 
can use the device quite well without any modifications. 

The difficulty in determining whether the person can use a particular 
device comes when his/her scores fall in the “in-between” ranges. Survey the 
column for scores below approximately 20-30%. If an individual scores below 
30% on several of the necessary actions, s/he will likely have difficulty using the 
device in the standard configuration. If the scores fall in the 30-40% range, s/he 
may be able to use the device unaided, but may benefit from some type of 
modification. 

When an individual has difficulty accomplishing a given subtest (i.e. s/he 
can not perform the subtest or scores poorly on it), s/he will likely have difficulty 
operating the device without modification. The exact subtests which the client 
had difficulty performing indicates the actions that will be difficult while using the 
device. Modifications to the device may be possible which will eliminate the 
need to perform a particularly difficult action. Also, aids may be available which 
will allow the individual to perform the difficult action. For example, when using 
a graphics tablet, the user must hold a stylus firmly. For individuals who do not 
have the grip strength necessary to do so, the stylus can easily be fitted into a 
strap that fits around the user's hand, similar to a u-cuff and stylus. Study the 
specific actions carefully to determine whether aids or modifications are 
possible. 

Hard rules concerning the cut-off criteria for whether a device should be 
further considered are not available. You will have to use your judgement in 
determining whether the person is a candidate user of the device. If a person 
scores reasonably well on all of the necessary subtests, or if you can create 
modifications and/or aids which may make using the device easier, then you 
will likely wish to consider the device. 

vi lection 
Once you have eliminated the devices which the individual would almost 

certainly be unable to use (or use productively), you would then want to select a 
small subset for the individual to experiment with using and from which to select 
the final choice. You should first determine which of those initially considered 
appear to be easiest for the client to operate (including a modification, if 
necessary). Although no hard rules exist concerning the levels of productivity 
(i.e. input rates) obtainable by perscns with disabilities, preliminary studies 
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Table 8. Example of a Completed Subtest Selection Form 

Subtest Device: Device: Device: Device: 

R1 

R2 

R3 

R4 

R§ 

R6 

R7 

R8 

S1 

S2 

$3 

$4 

S5 

S6 

L1 

L2 

L3 

L4 

L5 

L6 

L7 

L8 

L9 
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P5 

P6 

P7 

P8 

P9 

Repetition 

Reaction 
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indicate that if an individual can operate a set of devices, then the relative input 
rates obtainable are the same as for individuals without disabilities. Although 
slower input rates are expected, individuals with disabilities tend to perform 
better with the same devices that nondisabled individuals perform weil with, and 
perform more slowly with devices that individuals with disabilities perform more 
slowly with. Hence, if you're comparing several devices, all of which a client 
can operate, and need to decide between them, determining which is 
preferable for a nondisabled individual may aid in your selection. 

In addition, you will also need to consider other factors such as the cost 
of the device, the compatibility of the device with the client's computer system, 
the availability of the device for purchase and maintenance, ease of use by 
others, ease of modification (if necessary), and ease of installation. 

The final choice should almost always be made by allowing the client to 
test several of the most probable devices. Once you have narrowed the 
possible list to a reasonable subset, allow the client to test each device. Then, 
along with the other criteria of interest, the you and the client together can 
choose the final product. 
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Assessment Test Manual Appendix A: Data Collection Forms 
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Subtest Selection Form 

Subtest Device: Device: Device: Device: 

R1 

R2 

R3 

R4 

R5 

R6 

R7 

R8 

$1 

$2 

S3 

$4 

$5 

S6 

L1 

L2 

L3 

L4 

L5 

L6 

L7 

L8 

L9 
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P4 
P5 
P6 
P7 
P8 
P9 

Repetition 

Reaction 
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Subtest: REACH 
plane: 

Client #: 

  

Reach 
Description Score(s) 

Aid 
Description 

Method / Accuracy 
Description 

  

R1 

  

R2 

  

R3 

  

R4 

  

R5 

  

R6 

  

R7 

    R8       
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Subtest: Tran Client #: 

  

Move 
Description Score(s) 

Aid 
Description 

Method / Accuracy 
Description 

  

$1 

  

$2 

  

$3 

  

$4 

  

S5 

    36       
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Subtest: Li Hol Mov Client #: 

  

Object 
Description Score(s) 

Aid 
Description 

Method 
Description 

  

L1 

  

L2 

  

L3 

  

L4 

  

L5 

  

L6 

  

L7 

  

L8 

  

L9 

  

L10 

  

L11 

  

L12 

  

L13 

    Li4         
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Subtest: Place Client #: 

  

Description of Aid Method / Accuracy 
object Score(s) Description Description 

  

P1 
  

P2 

  

P3 

  

P4 
  

P5 

  

P6 

  

P7 

  

P8 

    PQ         
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Subtest: iti ion _ Tim Client #: 

Repetition Speed: rep / 10 sec 

Reaction time: sec 
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Assessment Test Manual Appendix B: Reaction Time and Repetition Speed 
Software 
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R ion Time H rear ri 

k ri 

on openstack 
put space into card field 1 
hide menubar 

end openstack 

Card Script 

on mousedown 
global storet 

wait the ticks mod 4 + 1 seconds 
put the ticks into store1 

end mousedown 

on mouseup 
global store 
put (the ticks - store1) / 60 into card field 1 

end mouseup 
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R ition H rCar ri 

k ri 

on openstack 
aglobal started 
hide menubar 

put 0 into started 
put space into card field 1 

end openstack 

r ri 

on mouseup 
global store1, store2, started 
if started = 0 then 

put the ticks into store1 
put 1 into store 2 
put 1 into started 

else 
if the ticks - store1 > 600 then 

beep 
put store2 into card field 1 

else 
put store2 + 1 into store2 

end if 
end if 

end mouseup 
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Appendix G: Results of Statistical Analyses 
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Table 21. Results of the Tukey Test for Block Main Effect. 

  

Group: Disabled 
MSE=15.667 df=95 N=2400 r=6 Alpha=0.05 

Critical Difference = 0.3329 

  

MeanTT Block 
5.7012 Practice A 
5.0911 1 B 
4.8038 | 2 Cc 
4.7570 3 C 
4.6979 4 C 
4.6017 5 C 

  

Group: Nondisabled 
MSE=2.844 df=45 N=1200 r=6 Alpha=0.05 

Critical Difference = 0.2055 

  

Mean TT Block 
3.3124 Practice 
3.0957 
3.0058 
2.9917 
2.9723 

A 
B 
B 
B 
B 

2.9046 B Q
A
M
 

Oo 

  

Mean TT with the same letters are not significantly different. 
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Table 22. Results of the Tukey test for Device x Block Interaction for the Group 
with Disabilities. 
  

Group: Disabled 

  

MSE=13.94 df=380 =30 Alpha=0.05 
Critical Difference = 0.8538 

Devi ick vi 

Mean TT Block Mean TT Block 
8.3495 P A 7.2899 P A 
7.4418 1 B 6.1981 1 B 
7.2424 2 B 59097 3 B 
7.1168 3 B 5.7976 2 B 
6.7634 4 B 5.6117 5 B 

6.7074 5 B 5.6060 4 B 

Device = Tablet Device = Trackball 
Mean TL Block Mean TL Block 
4.5532 Pp A 4.2438 P A 
4.0333 1 A B 3.9857 1 A 

3.7007 5 B 3.8229 2 A 
3.6774 4 B 3.8082 4 A 
3.5561 2 B 3.7832 3 A 
3.3722 3 B 3.5147 5 A 

Device = Mouse 

MeanTT Block 
4.0696 P A 
3.7964 1 A 
3.6347 4 A 
3.6029 3 A 
3.6000 2 A 

3.4437 5 A 

  

Mean TT with the same letters within a single device are not significantly 
different. 
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Table 23. ANOVA Summary Table for Target Acquisition Time (TT) 
  

  

Source df Ss F Prob 

Between Subjects 
Group (G) 2 13723.61 21.10 0.0001 * 
$(G) 21 6828.53 

Within Subiec! 

Device (D) 4 22345.74 74.33 0.0001" 
D*G 8 206.91 0.34 0.9460 
D*S(G) 84 6312.82 
Target Size (TS) 3 10843.33 181.17 0.0001* 
TS*G 6 1376.16 11.50 0.0001* 
TS*S(G) 63 1256.87 
Target Dist. (TD) 2 1986.43 49.78 0.0001” 
TS*G 4 176.61 2.21 0.0776 
TD*S(G) 4 369.66 
Block (B) 3 29.04 1.30 0.2832 
B*G 6 78.85 1.76 0.1216 
B*S(G) 63 470.04 
Mode (MD) 1 1465.31 32.14 0.0001* 
MD*G 2 13.19 0.14 0.8662 
MD*S(G) 21 957.51 
D*TS 12 3154.59 27.15 0.0001* 
D*TS*G 24 364.83 1.57 0.0478 
D*TS*S(G) 252 2440.08 
D*TD 8 103.99 2.18 0.0315" 
D*TD*G 16 215.52 1.39 0.1460 
D*TD*S(G) 168 1002.72 
D*B 12 101.99 1.10 0.3633 
D*B*G 24 229.19 1.23 0.2142 
D*B*S(G) 252 1953.12 
D*MD 4 1124.27 7.28 0.0001* 
D*MD*G 8 683.19 2.21 0.0344 
D*MD*S(G) 84 3244.23 
TS*TD 6 133.83 3.63 0.0024* 
TS*TD*G 12 58.04 0.79 0.6637 
TS*TD*S(G) 126 775.05 
TS*B 9 28.42 0.40 0.9329 
TS*B*G 18 87.77 0.62 0.8807 
TS*B*S(G) 189 1484.48 
TS*MD 3 184.65 10.57 0.0001* 
TS*MD*G 6 204.78 5.86 0.0001* 
TS*MD*S(G) 63 366.82 
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Table 23. ANOVA Summary Table for Target Acquisition Time (TT) (continued) 

TD*B 
TS*B’G 
TS*B*S(G) 
TD*MD 
TD*MD*G 
TS*MD*S(G) 
B*MD 
B*MD*G 
B*MD*S(G) 
D*TS*TD 
D*TS*TD*G 
D‘*TS*TD*S(G) 
D*TS*B 
D*TS*B*G 
D*TS*B*S(G) 
D*TS*MD 
D*TS*MD*G 
D*TS*MD*S(G) 
D*TD*B 
D*TD*B’*G 
D*TD*B*S(G) 
D*TD*MD 
D*TD*MD*G 
D*TD*MD*S(G) 
D*B*MD 
D*B*MD*G 
D*B*MD*S(G) 
TS*TD*B 
TS*TD*B’G 
TS*TD*B*S(G) 
TS*TD*MD 
TS*TD*MD*G 
TS*TD*MD*S(G) 
TD*B*MD 
TD*B*MD‘*G 
TD*B*MD*S(G) 
TS*B*MD 
TS*B*MD*G 
TS*B*MD*S(G) 
D*TS*TD*B 
D*TS*TD*B’G 
D*TS*TD*B*S(G) 
D*TS*TD*MD 

12 
126 

504 

756 
12 
24 

252 
24 
48 

504 

16 
168 
12 
24 

252 
18 
36 

378 

12 
126 

12 
126 

18 
189 
72 

144 
1512 

24 

24.04 
68.82 

786.88 
11.27 
36.41 

273.76 
18.10 
81.72 

554.55 
166.57 
403.12 

3070.92 
127.46 
319.71 

4276.39 
160.17 
267.90 

2022.89 
207.79 
321.02 

3093.01 
44.18 

116.28 
772.40 
121.19 
182.41 

2029.96 
84.51 

222.97 
2055.86 

28.18 
20.54 

886.21 
30.88 
97.42 

923.63 
37.18 
96.06 

1236.90 
374.69 
682.99 

8929.21 
99.90 

0.64 
0.92 

0.86 
1.40 

0.69 
1.55 

1.14 
1.37 

0.63 
0.79 

1.66 
1.39 

1.41 
1.09 

1.20 
1.58 

1.25 
0.94 

0.86 
1.14 

0.67 
0.24 

0.70 
1.11 

0.63 
0.82 

0.88 
0.80 

0.81 

0.6968 
0.5309 

0.4285 
0.2517 

0.5642 
0.1776 

0.2953 
0.0872 

0.9587 
0.9020 

0.0755 
0.1109 

0.0944 
0.3011 

0.0787 
0.2470 

0.5425 
0.6242 

0.2732 
0.6758 

0.6758 
0.9955 

0.6483 
0.3599 

0.7695 
0.6807 

0.7501 
0.9545 

0.7286 
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Table 23. ANOVA Summary Table for Target Acquisition Time (TT) (continued) 

D*TS*TD*MD*G 
D*TS*TD*MD*S(G) 
D*TS*B*MD 
D*TS*B*MD*G 
D*TS*B*MD*S(G) 
D*TD*B*MD 
D*TD*B*MD*G 
D*TD*B*MD*S(G) 
TS*TD*B*MD 
TS*TD*B*MD*G 
TS*TD*B*MD*S(G) 
D*TS*TD*B*MD 
D*TS*TD*B*MD*G 
D*TS*TD*B*MD*S(G) 

48 
504 
36 
72 

756 
24 
48 

504 
18 
36 

378 
72 

144 
1512 

159.27 
2597.81 
280.07 
423.91 

4619.98 
118.74 
286.54 

2687.28 
72.09 

217.76 
2314.78 
467.40 
998.25 

7123.59 

0.64 

1.27 
0.96 

0.93 
1.12 

0.65 
0.99 

1.38 
1.47 

0.9699 

0.1336 
0.5652 

0.5635 
0.2759 

0.8556 
0.4926 

0.2710 
0.3572 

  

177



Table 24. Results of the Tukey Test for the Main Effects. 

  

Group 
MSE=6828.61 df=21 N=3840 r=3 Alpha=0.05 Critical Diff=4.761 

MeanTIT Group 
  

  

5.6186 1 (low) A 
3.7216 2 (high) B 
3.0386 3 (non) B 

Device 
MSE=75.15 df=84 N=2304 r=5 Alpha=0.05 Critical Diff=0.715 

MeanTT Device 
6.1428 Joystick A 
5.4801 Keys B 
3.0639 Tablet Cc 

C 
C 

  

3.0310 Trackball 

2.9134 Mouse 

  

  

Target Size 
MSE=19.95 df=63 N=2880 r=4 Alpha=0.05 Critical Diff=0.310 

MeanTT Jarget Size 
5.4419 0.27cm A 

4.5874 0.54cm 8B 
3.5863 1.08cm C 

D 2.8894 2.14¢cm 

  

Target Distance 
MSE=8.8014 df=42 N=3840 r=3 Alpha=0.05 Critical Diff=0.165 

  

  

  

MeanTT Jarget Distance 
4.6697 8cm A 

4.0473 4cm B 
3.6617 2cm C 

Mode 
MSE=45.5955 df=21 N=5760 r=2 Alpha=0.05 Critical Diff=0.2625 

Mean TT Mode 
4.4829 Down A 

3.7696 Up B 

  

Mean TT with the same letters within a main effect are not significantly different. 
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Table 25. Results of the Tukey Test for Group x Target Size Interaction. 

  

  

  

MSE=19.95 df=63 N=960 r=12 Alpha=0.05 
Critical Difference = 0.692 s 

Group 1 (low) Group 2 (high) 
Mean TT Tar Mean TT Target Size 
7.573 0.27 cm A 4.897 0.27 cm A 

6.318 0.54 cm B 4.089 0.54 cm B 
4.772 1.08 cm C 3.248 1.08 cm C 
3.811 2.14cm D 2.652 2.14cm C 

Group 3 (nondisabled) 
Mean TI Larget Size 

3.857 0.27 cm A 
3.355 0.54 cm AB 
2.738 1.08 cm BC 
2.205 2.14cm C 

= Target Size = 0.54 cm 
Mean TT Group 

7.573 1 (low) A 6.318 1 (low) A 
4.897 2 (high) B 4.089 2 (high) B 
3.857 3 (non) Cc 3.355 3 (non) Cc 

Target Size = 1,08 cm Target Size = 2.14 cm 
Mean IT Group Mean TT Group 
4.772 1 (low) A 3.811 1 (low) A 
3.248 2 (high) B 2.652 2 (high) B 
2.738 3 (non) B 2.205 3 (non) B 

  

Mean TT with the same letters within a single group or target size are not 
significantly different. 
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Table 26. Results of the Tukey Test for Device x Target Size Interaction. 
  

  

  

MSE=9.683 df=252 N=576 r=12 Alpha=0.05 
Critical Difference = 0.6496 s 

Target Size = 0.27 cm Target Size = 0.54 cm 
MeanTT Device MeanTT Device 
7.945 Joystick A 6.819 Joystick A 
7.751 Keys A 6.535 Keys A 
4.165 Tablet B 3.270 Tablet B 
3.745 Trackball B 3.239 Trackball B 
3.604 Mouse B 3.073 Mouse B 

i = | = 

MeanTT Device MeanTT Device 
5.611 Joystick A 4.197 Joystick A 
4.372 Keys B 3.262 Keys B 
2.707 Trackball Cc 2.432 Trackball C 
2.691 Mouse Cc 2.286 Mouse C 
2.551 Tablet C 2.270 Tablet C 

Device = Joystick vice = K 

MeanTT I$ Mean TT iI8 
7.945 0.27 cm A 7.751 0.27 cm A 
6.819 0.54 cm B 6.535 0.54 cm B 
5.611 1.08 cm Cc 4.372 1.08 cm C 
4.197 2.14cm D 3.262 2.14¢cm D 

Device = Tablet Device = Trackball 
MeanTT I8 MeanTr IS 
4.165 0.27 cm A 3.745 0.27 cm A 
3.270 0.54 cm B 3.239 0.54 cm AB 
2.551 1.08 cm C 2.707 1.08 cm B C 
2.270 2.14cm C 2.432 2.14cm C 

Device = Mouse 
MeaniT I$ 
3.604 0.27 cm A 
3.239 0.54 cm AB 
2.707 1.08 cm BC 
2.432 2.14cm Cc 

  

Mean TT with the same letters within a single target size or device are not 
significantly different. 

180



Table 27. Results of the Tukey Test for Group x Device x Target Size Interaction 

  

  

  

Group 1 
MSE=9.683 df=252 N=576 r=12 Alpha=0.05 

Critical Difference = 0.6496 s 

Target Size = 0.27 cm Target Size = 0.54 cm 
Mean TT Device MeanTT Device 
9.891 Joystick A 8.810 Joystick A 
9.862 Keys A 8.257 Keys A 
6.825 Tablet B 4.949 Trackball B 
5.678 Mouse C 4.921 Tablet B 
5.607 Trackball C 4.656 Mouse B 

Target Size = 1.08 cm Target Size = 2.14 ¢m 

Mean TT Device MeanTT Device 
7.115 Joystick A 5.482 Joystick A 
5.343 Keys B 3.667 Keys B 
4.136 Mouse C 3.493 Trackball B 
3.987 Trackball C 3.395 Mouse B 
3.279 Tablet C 3.020 Tablet B 

Device = Joystick = 
MeanTT I$ MeanTT IS 
9.891 0.27 cm A 9.862 0.27 cm A 
8.810 0.54 cm A 8.257 0.54 cm B 
7.115 1.08 cm B 5.343 1.08 cm C 
5.483 2.14 cm C 3.667 2.14cm D 

Device = Tablet Device = Trackball 
MeanTT IS MeanTT I§ 
6.825 0.27 cm A 5.607 0.27 cm A 
4.921 0.54cm B 4.949 0.54 cm AB 
3.279 1.08 cm C 3.987 1.08 cm BC 
3.020 2.14cm Cc 3.493 2.14cm C 

Device = Mouse 

Mean TT Ts 
5.678 0.27 cm A 
4.656 0.54 cm A B 
4.136 1.08 cm BC 
3.395 2.14cm C 

  

Mean TT with the same letters within a single target size or device are not 
significantly different. 
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Table 27. Results of the Tukey test for Group x Device x Target Size Interaction 
(continued). 
  

  

  

MSE=9.683 df=252 r=12 Alpha=0.05 
Critical Difference = 0.6496 s 

MeanTT Device MeanTT Device 
7.899 Joystick A 6.330 Joystick A 
7.290 Keys A 6.121 Keys A 
3.160 Tablet B 2.719 Trackball B 
3.150 Trackball B 2.654 Mouse B 
2.983 Mouse B 2.623 Tablet B 

Tar ize = 1, m Target Size = 2.14 em 

Mean TT Device MeanTT Device 
5.310 Joystick A 3.863 Joystick A 
4.050 Keys B 3.256 Keys AB 
2.338 Trackball C 2.205 Trackball BC 
2.285 Tablet C 1.998 Mouse C 
2.259 Mouse Cc 1.938 Tablet 

MeanTT I$ MeanTT IS 
7.899 0.27 cm A 7.290 0.27 cm A 
6.330 0.54 cm B 6.121 0.54 cm B 

5.310 1.08 cm Cc 4.050 1.08 cm C 
3.863 2.14cm C 3.256 2.14cm C 

Device = Tablet ice = 
MeanTT I8 MeanTT IS 
3.160 0.27 cm A 3.150 0.27 cm A 
2.623 0.54 cm AB 2.719 0.54cm A 
2.285 1.08 cm AB 2.338 1.08 cm A 
1.938 2.14¢cm B 2.205 2.14cm A 

Device = Mouse 
Mean TT TS 
2.983 0.27 cm A 
2.654 0.54 cm A 
2.259 1.08 cm A 
1.998 2.14cm A 

  

Mean TT with the same letters within a single target size or device are not 
significantly different.



Table 27. Results of the Tukey test for Group x Device x Target Size Interaction 
(continued). 
  

  

  

Group 3 
MSE<=9.683 df=252 N=576 r=12 Alpha=0.05 

Critical Difference = 0.6496 s 

MeanTT Device MeanTI Device 
6.101 Joystick A 5.317 Joystick A 
6.043 Keys A 5.228 Keys A 
2.509 Tablet B 2.268 Tablet B 
2.478 Trackball B 2.051 Trackball B 
2.149 Mouse B 1.909 Mouse B 

Tar ize = 1 m Tar iz@=2.14¢cm 

MeanTT Device MeanTl Device 
4.407 Joystick A 3.247 Joystick A 
3.723 Keys A 2.863 Keys AB 
2.088 Tablet B 1.851 Tablet B 
1.794 Trackball B 1.599 Trackball B 
1.679 Mouse B 1.464 Mouse B 

ice = Device = Keys 
MeanTT I8 MeanTr IS 
6.043 0.27 cm A 6.101 0.27 cm A 
5.317 0.54 cm B 5.228 0.54 cm A 
4.407 1.08 cm B 3.723 1.08 cm BC 
3.247 2.14cm B 2.863 2.14cm C 

D a = L | 2 
1 = 

MeanTr I$ MeanTT IS 
2.509 0.27 cm A 2.478 0.27 cm A 
2.268 0.54 cm A 2.051 0.54 cm A 
2.088 1.08 cm A 1.794 1.08 cm A 

1.851 2.14cm A 1.599 2.14¢m A 

MeanTT IS 
2.149 0.27 cm A 

1.909 0.54 cm A 

1.679 1.08 cm A 
1.464 2.14cm A 

  

Mean TT with the same letters within a single target size or device are not 
significantly different.



Table 28. Results of the Tukey Test for Target Size x Target Distance 

  

  

  

Interaction. 

MSE=6.1512 df=126 r=12 Alpha=0.05 
Critical Difference = 0.3762 s 

i = Vv. 7 j = 4 

Mean TT TD Mean TT TD 
4.847 2cm A 4.027 2cm A 
5.289 4cm B 4.547 4cm B 
6.189 8cm Cc 5.188 8cm C 

Target Size = 1.08 cm Tar ize = 2.14 cm 
Mean TI TD Mean TT TD 
3.222 2cm A 2.551 2cm A 
3.521 4cm A 2.832 4cm A 

4.015 8cm B 3.286 8cm B 

Target Distance = 2.¢m Target Distance = 4 ¢m 

MeanTT I8 MeanTT I8 
4.847 0.27 cm A 5.289 0.27 cm A 
4.027 0.54 cm B 4.547 0.54 cm B 
3.221 1.08 cm Cc 3.522 1.08 cm Cc 
2.551 2.14cm D 2.831 2.14cm D 

Target Distance = 8 cm 
MeanTT I$ 
6.189 0.27 cm A 

5.188 0.54 cm B 
4.015 1.08 cm C 
3.286 2.14cm D 

  

Mean TT with the same letters within a single target size or target distance are 
not significantly different. 
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Table 29. Results of the Tukey Test for Device x Mode Interaction. 
  

  

  

MSE=38.622 r=10 Alpha=0.05 
Critical Difference = 0.8448 s 

Device = Jovstic! ce = 

MeanTT Mode MeanTIT Mode 
6.2698 down A 6.264 down A 
5.588 up B 4.697 up B 

Device = Tablet Device = Trackball 
MeanTT Mode MeanTT Mode 
2.912 down A 3.308 down A 
3.216 up A 2.754 up A 

ice = 

MeanTT Mode 
3.233 down A 

2.594 up A 

Mode = Up . Mode = Down — 
MeanTT Device Mean TT Device 
5.588 Joystick A 6.698 Joystick A 
4.697 Keys B 6.264 Keys A 
3.216 Tablet C 3.308 Trackball B 
2.754 Trackball C 3.233 Mouse B 
2.594 Mouse D 2.912 Tablet B 

  

Mean TT with the same letters within a single device or mode are not 
significantly different. 
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Table 30. Results of the Tukey Test for Target Size x Mode Interaction. 

  

MSE=5.823 df=63 N=1440 r=8 Aipha=0.05 

Critical Difference = 0.281 s 

  

  

Mean TT Mode Mean TT Mode 
5.633 down A 4.869 down A 
5.250 up B 4.305 up B 

| = | = 

MeanTT Mode Mean TIT Mode 
4.027 down A 3.401 down A 
3.146 up B 2.377 up B 

Mode = Up Mode = Down 

Mean TT Ts Mean TT TS 
5.250 0.27 cm A 5.633 0.27 cm A 
4.305 0.54 cm B 4.869 0.54 cm B 
3.146 1.08 cm C 4.027 1.08 cm C 
2.377 2.14cm D 3.401 2.14cm D 

  

Mean TT with the same letters within a single target size or mode are not 
significantly different. 
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Table 31. Results of the Tukey Test for Group x Target Size x Mode Interaction. 
  

  

  

Group 1 

MSE=5.822 df=63 N=480 =24 Alpha=0.05 
Critical Difference = 0.575 s 

ize = ize= 

Mean TT Mode Mean TT Mode 
7.471 down A 6.543 down A 
7.674 up A 6.093 up A 

MeanTT Mode MeanTT Mode 
5.395 down A 4.448 down A 
4.149 up B 3.174 up B 

Mode = Up Mode = Down 

Mean TS Mean TS 
7.674 0.27 cm A 7.471 0.27 cm A 
6.093 0.54 cm B 6.543 0.54 cm B 
4.149 1.08 cm C 5.395 1.08 cm C 
3.174 2.14cm D 4.448 2.14cm D 

  

Mean TT with the same letters within a single target size or mode are not 
significantly different. 
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Table 31. Results of the Tukey test for Group x Target Size x Mode Interaction 
(continued). 
  

Group 2 
MSE=5.822 df=63 N=480 r=24 Alpha=0.05 

Critical Difference = 0.575 s 

  

  

Tar ize = 0.27 cm T ize = 0.54 cm 
Mean TL Mode Mean TT Mode 
5.306 down A 4.429 down A 
4.487 up A 3.749 up B 

Target Size = 1.08 cm ize = 

MeanTT Mode _ MeanTtT Mode 
3.594 down A ~ 3.167 down A 
2.903 up B 2.138 up B 

Mode = Up Mode = Down 

Mean TT TS Mean TL TS 
4.487 0.27cm A 5.306 0.27 cm A 
3.749 0.54 cm B 4.429 0.54 cm B 
2.903 1.08 cm Cc 3.594 1.08 cm C 
2.138 2.14cm D 3.167 2.14cm Cc 

  

Mean TT with the same letters within a single target size or mode are not 
significantly different. 
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Table 31. Results of the Tukey test for Group x Target Size x Mode Interaction 
(continued). 
  

  

  

MSE=5.822 df=63 r=24 Alpha=0.05 
Critical Difference = 0.575 s 

Tar ize = 0.27 cm Tar ize = 0.54 
Mean TT Mode Mean TT Mode 
4.123 down A 3.636 down A 
3.590 up A 3.040 up B 

i = 1 i = 

Mean TT Mode MeanTT Mode 
3.091 down A 2.591 down A 
2.386 up B 1.818 up B 

Mode = Up Mode = Down 
Mean TT TS Mean TT TS 
3.590 0.27 cm A 4.123 0.27 cm A 
3.043 0.54 cm A 3.636 0.54 cm A B 
2.386 1.08 cm B 3.091 1.08 cm BC 
1.818 2.14cm C 2.591 2.14cm C 

  

Mean TT with the same letters within a single target size or mode are not 
significantly different. 
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Table 32. Spearman Correlation Coefficients of Each Bipolar Scale with 
Acceptable-Unacceptable Scale. 
  

Bipolar Scale 

accurate-inaccurate 

fast-slow 

consistent-inconsistent 

natural-unnatural 

comfortable-uncomfortable 

fast-slow 

pleasing-irritating 

good-bad 

fs 

0.7179 

0.7110 

0.7165 

0.8125 

0.8439 

0.7471 

0.8257 

0.9321 

Q 

0.0001 

0.0001 

0.0001 

0.0001 

0.0001 

0.0001 

0.0001 

0.0001 
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Table 33. Results of the Friedman 2-Way ANOVA on Al. 

  

  

K=5 N=30 Alpha=0.05 
Chi-Square = 49.4866 p< 0.0001 

Mean Rank Device 
1.60 Trackball A 
2.72 Mouse B 
2.90 Tablet B 
3.40 Keys B 
4.38 Joystick Cc 

  

Means with the same letter are not significantly different. 
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Table 34. Results of the Friedman 2-Way ANOVA for Accuracy. 

  

K=5 =30 Alpha=0.05 
Chi-Square = 46.2666 p<0.0001 

  

Mean Rank Device 
1.83 Trackball A 
2.63 Mouse AB 
2.93 Tablet B 
3.07 Keys B 
4.53 Joystick Cc 

  

Means with the same letter are not significantly different. 
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Table 35. Results of the Friedman 2-Way ANOVA for Comfort. 

  

K=5 N=30 Alpha=0.05 
Chi-Square = 43.3133 p<0.0001 

  

Mean Rank Device 
1.70 Trackball A 
2.58 Mouse AB 
3.17 Keys B 
3.27 Tablet BC 
4.28 Joystick C 

  

Means with the same letter are not significantly different. 
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Table 36. Results of the Friedman 2-Way ANOVA for Fatigue. 

  

K=5 N=30 Alpha=0.05 
Chi-Square = 37.2266 p< 0.0001 
  

Mean Rank Device 
1.70 Trackball A 
2.57 Mouse AB 
3.23 Keys BC 
3.60 Tablet BC 
3.90 Joystick C 

  

Means with the same letter are not significantly different. 
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Table 37. Results of the Friedman 2-Way ANOVA for Preference. 

  

K=5 =30 Alpha=0.05 

Chi-Square = 46.7466 p< 0.0001 

  

Mean Rank Device 
1.60 Trackball A 
2.63 Mouse B 
3.20 Tablet BC 
3.27 Keys BC 
4.30 Joystick Cc 

  

Means with the same letter are not significantly different. 
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Table 38. Results of the Friedman 2-Way ANOVA for Speed. 
  

K=5 N=30 Alpha=0.05 
Chi-Square = 49.6733. p<0.0001 
  

Mean Rank Device 
1.57 Trackball A 
2.58 Mouse B 
2.92 Tablet BC 
3.83 Keys Cc 
4.10 Joystick Cc 
  

Means with the same letter are not significantly different. 
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June 1985 - June 1986: Engineering Aide, Hercules, Inc., Radford Army 

Ammunition Plant, Radford, Virginia. 

iviti 

Scholastic Awards and Honors 

Cunningham Dissertation Year Fellowship (full fellowship) (1990 - 1991) 

CHI '91 Doctoral Consortium Participant (1991) 

Outstanding Dissertation Research Award: College of Engineering, VPI&SU 
(1991) 

Human Factors Society Annual International Student Paper Competition 
(Alphonse Chapanis Award) - 2nd place (1990) 

Pratt Presidential Fellowship (1987 - Present) 

Graduate Tuition Scholarship (Fall 1986 - Spring 1989, Spring 1990 - 
Present) 

Graduate Student Assembly Travel Award (1990) 

Society of Women Engineers Scholarship (1989) 

Cunningham Thesis Summer Fellowship (1987) 

Pratt Fellowship (1986 - 1987) 

John Anderson Memorial Scholarship (1985 - 1986) 

Engineering Senior Scholarship (1985 - 1986) 

Virginia Tech's nominee for the national “IIE Student 
Award for Excellence" (1986) 

H Organizati 

Alpha Pi Mu: Industrial Engineering Honor Society; 
“Vice President (1985 - 1986) 
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Phi Kappa Phi: National Honor Society 

Tau Beta Pi: National Engineering Honor Society 

Mortar Board: National Senior Honor Society 

Graduate Honor Court: College of Engineering's Representative on the 
Investigative Panel (1987 - 1988) 

Outstanding Young Women of America 

Outstanding College Students of America 

Garnet and Gold: Virginia Tech's Junior Women's Honor 
and Service Organization 

Gamma Beta Phi: Honor and Service Organization; 
Social Committee (1983 - 1984) 

Professional Organizati 

Institute of Industrial Engineers: 
“Student Chapter Recording Secretary (1984 - 1985) 
«Student Chapter Graduate Student Representative 

(1985 - 1986) 

Human Factors Society 
«Student Chapter Secretary (1990) 
«Special Interest Group on Medical Systems and the Functionally 

Impaired (founding member) 
*Technical Group on Aging 
* Computer Systems Technical Group 

Association for Computing Machinery 
“Special Interest Group on Computers and the Physically 
Handicapped 

*Special Interest Group on Computer and Human Interaction (CHI) 

Association for Women in Science 

RESNA - Association for the Advancement of Rehabilitation and Assistive 
Technologies 
*Special Interest Group on Computer Accessibility 

Society for Information Display 

Mesa, bake deals 
Sherry Perdue Casali 
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