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(ABSTRACT) 

An exploratory study was conducted to determine if adults diagnosed as having 

moderate developmental disability could successfully use a personal computer and, 

if so, the input devices preferred and the user interface design factors to be 

considered when designing or selecting interactive applications for this population. 

Participants in the three-phase study were men and women aged 25-60 living in group 

homes sponsored by a social services agency. All had been professionally evaluated 

as moderately mentally retarded. 

Phase I observed reaction of participants, none of whom had ever used a 

computer, to two input devices (mouse and touchscreen) and a graphical user 

interface. Phase II built on Phase I observations to design a within-subject usability 

test to gather heuristic data on input devices and to develop user interface guidelines 

for the target population. In Phase III, a prototype was built to test the effectiveness



of these guidelines. Phase I found participants successfully used a graphical user 

interface and most could use the mouse. In Phase II, which tested mouse, trackball, 

and touchscreen, the mouse was preferred, although its drag-drop times were longer. 

Reasons given were less fatigue and greater control of icons. 

The Phase III prototype consisted of two games: "Shopping," to teach money- 

handling skills, and "Getting Dressed," to teach a basic life skill. Testing found the 

participants preferred screens that allowed them to control the action, that quick or 

unexpected screen responses were upsetting, and that strong visual feedback was 

important. For example, "Shopping" was redesigned to enable users to visualize 

purchases by dragging pictures into a shopping cart. 

This exploratory study found that developmentally disabled persons could use 

commercial computer hardware and applications effectively and were proud of their 

newly developed computer skills. It also derived user interface guidelines for the 

selection or design of applications for use with this target group. Recommendations 

are made for a follow-up field study to investigate the applicability of the derived 

guidelines to a larger population of developmentally disabled persons.
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SECTION 1. INTRODUCTION 

1.1 STATEMENT OF THE PROBLEM 

This exploratory study was performed to determine if adults diagnosed with 

moderate developmental disability could successfully use a personal computer and, 

if they could, to produce preliminary user interface guidelines that could be used to 

develop or select applications for this target group. 

Review of abstracts and articles found that most research related to computer- 

assisted education of the mentally retarded fell into two general categories: 

° Computer science abstracts discussed advanced assistive technologies 

for mentally retarded persons with severe physical handicaps, e.g., eye- 

blink technologies, speech synthesizers, and similar devices, to meet a 

particular disabling condition. These articles did not address the 

usability of commercially available devices for mentally retarded 

persons who do not have severe physical limitations. 

’ Education and psychology abstracts described the use of 

microcomputer technology in special education settings with a focus on 

teaching techniques. No evaluation was made of the human-computer 

interaction factors that may have contributed to the outcome of the 

computer-based instruction with the developmentally disabled. 

1.2 CONTEXT OF WORK 

Observations made while a volunteer in group homes sponsored by a 

community-based organization serving developmentally disabled adults found that the 

teaching of basic life skills presented a continuing challenge. Counselors used a 

combination of simulation and field trips training to develop such skills as paying for 

purchases, taking the bus, or dressing appropriately [54, 46, 67]. Many residents



had moderate to poor retention, especially of less frequently used skills such as 

handling money. Training was repeated often, and counselors continually searched 

for teaching tools to assist in this task. Several counselors familiar with the use of 

computers in schools had tried to use commercially developed applications designed 

to teach young children how to count or how to get dressed. * The residents briefly 

watched the counselor use the applications, then lost interest. 

1.3 OBJECTIVE OF WORK 

This study is intended to be an exploratory effort, undertaken as a first step 

in evaluating possible computer use by adults who are classified as having moderate 

developmental disability. Its objectives are: 

1. To investigate the feasibility of using a personal computer with adults 

diagnosed as moderately retarded. 

2. To determine which input devices could be used most successfully by 

the target population. 

3. To produce and evaluate preliminary human-computer interface 

guidelines that can be used by those developing or purchasing 

applications for use with the target population. 

The study was inspired by the head counselor of a community services agency 

serving the developmentally disabled. An enthusiastic personal computer user, she 

had attempted to implement computer-based instruction with agency clients. Early 

efforts at using applications designed for young children had been less successful than 

hoped, but staff members had neither the time nor the human-computer interface 

background required to identify and analyze the problems encountered. Guidelines 

were needed to plan educational activities. Should the program attempt to acquire 

donations of computers? If so, what input devices should be provided? What types 

of applications would most likely be effective? What human-computer interface 

factors would make the computer accessible to mentally retarded adults?



1.4 APPROACH TO WORK 

A three-phase usability study was conducted to meet the objectives stated 

above. Phase I observed the reaction of study participants, none of whom had ever 

used a computer, to two input devices (mouse and touchscreen) and a graphical user 

interface. Phase II used observations from Phase I to design usability tests that 

gathered heuristic data on input devices and to develop user interface guidelines for 

applications for the target population. In Phase III a prototype was built to test and 

refine these guidelines. 

It is hoped that these detailed observations with a small target population will 

provide a foundation for future work in this area. 

Endnotes 

1. Reference numbers refer to Bibliography. 

2. "Math Rabbit," The Learning Company, Piedmont CA, and "The Bernstein Bears 
Get Dressed," Compton’s New Media, Carlsbad CA.



SECTION 2. RELATED WORK 

2.1 LITERATURE REVIEW 

Search of computer science, education, and psychology database clusters of 

the DIALOG on-Line search service found 500 citations containing the terms 

"moderately mentally retarded" or "moderate developmental disability" and the terms 

“computer,” "microcomputer," or "computer assisted." Of these, 40 related to 

computer use by retarded persons. Review of these references revealed a disconnect 

between educators working with developmentally disabled persons and computer 

science practitioners. Education materials described case studies and provided 

heuristic evaluations of computer usage. However, no descriptions were given of 

human-computer interaction factors that may have impacted successful computer use, 

as shown in these examples. 

Wacker, et al. [64] successfully trained five moderately mentally retarded 

persons to enter statistical programs into computers in an office setting. These 

authors also successfully used a computer to teach three junior high school students, 

diagnosed as moderately retarded, to balance a checkbook. Both case studies focus 

on the authors’ use of the self-labeling educational technique. 

Bull, et al. [32], evaluated use of computer-assisted instruction to improve 

language skills of persons with mental retardation. The study noted that most 

applications designed for speech and language instruction cannot be individualized 

to match the functional language objective of a mentally retarded person. The 

authors recommended development of learner-based applications especially for this 

target group and also suggested that the computer can be used jointly by the mentally 

retarded student and the instructor to create a shared context. The study did not 

address user interface characteristics that might make such applications effective. 

Baumgart and Van Walleghem [26] used computer-based instruction and a 

speech synthesizer to teach common grocery terms to three moderately retarded



adults. Instruction alternated between the computer and traditional sight learning 

with an instructor. Two participants learned equally well with the computer and the 

teacher, while the third learned only through interaction with the teacher. The case 

study did not provide any explanation of this finding. 

Briggs et al. [27] used a self-paced computer program with an auditory 

prompting system to teach behavior skills to moderately retarded adolescents. 

Students were able to generalize lessons learned from the computer-based situations 

and apply them to actual situations. (The success of a self-paced program guided the 

selection of initial test applications for this study.) 

Osguthorpe and Change [58] used an Apple graphics tablet, a power pad, and 

custom software to teach Rebus symbols to children with severe communications 

difficulties. (Rebus symbols are standardized pictographs developed to assist persons 

with handicaps that impair communication ability.) The group included children 

diagnosed as having moderate developmental disabilities. ' The students used the 

symbols effectively in the special education setting. However, because Rebus symbols 

are not widely used, the communication skills could not be generalized to a wider 

universe. This study indicated that a graphical user interface might possibly be used 

successfully by the target population. 

Two other studies suggested possible human-computer interface paradigms 

that might be successful with the target group. Structured observation of a classroom 

of mildly to moderately retarded 3-to-5-year-olds found the preschoolers enjoyed 

free-time play with a computer. They rejected rote learning drills, preferring games 

with excellent graphics. [37] This study indicated that a game approach might 

enhance the usability of the computer as an instructional tool with the target 

population. 

A case study involving a 14-year-old mentally handicapped boy linked 

aggressive behavior to instructional approach. A computer with speech synthesizer 

was being used to improve his communications skills. Researchers tested a high-



efficiency approach that required a simple response -- to point to an obvious object 

on the screen -- and a low-efficiency approach that involved greater interaction with 

the software. The low-efficiency/high-effort approach was associated with decreased 

aggressive behavior and greater participation in the learning situation. [43] 

2.2 RELATED RESEARCH 

Professionals in the field of developmental disabilities were interviewed, 

including counselors associated with community living organizations in Arlington and 

Fairfax counties and a representative from the Northern Virginia office of the 

Virginia Department of Rehabilitative Services. This research confirmed that little 

systematic study had been made of human-computer interface requirements to make 

the computer accessible to this target population. The Assistive Technologies 

database, maintained by the State of Virginia Assistive Technology Services, listed 

20 computer-based instruction programs designed for use with mentally retarded 

adolescents (and, by extension, adults). Each had a description stating it was 

designed for use with students who have “auditory handicaps, visual handicaps, and 

mild mental retardation." No usability data were given for any of these programs. 

The U.S. Department of Education does not maintain reference materials on 

mental retardation, but instead, works with the President’s Committee on Mental 

Retardation of the U.S. Department of Health and Human Services. Commission 

files did not contain data on formal studies or case histories of use of computers with 

the mentally retarded. 

Survey of materials maintained by the Fairfax Coutity (Virginia) Schools 

Audio/Visual laboratory and the Fairfax County Dunn Loring Special Education 

Resource Center (for parents and teachers)* found applications dealing with 

vocational or life living skills (e.g., maintaining a checkbook). These educational 

tools were labeled as suitable for "learning disabled" persons, who often test at or 

above normal range, or “educable mentally retarded." * Descriptions focused on



educational content and gave little information on the human-computer interface. 

Hagen [5] provides guidelines for selecting applications for specific 

educational needs such as math drill or language skill. The only human-computer 

interface issues addressed are adaptive devices for students with physically 

handicapping conditions. 

Endnotes: 

1. Appendix A discusses the nomenclature and classification criteria used by the 
Federal government in distinguishing among the mildly retarded, the moderately 
retarded, and the severely retarded. 

2. The Dunn Loring Center, which is open to the public during the school year, 
houses traditional teaching materials, information on assistive technologies, vendor 
materials, and books and journals. It is designed for use by both teachers and 
parents of handicapped children. 

3. Persons so diagnosed score at 52 or above on the Stanford-Binet I.Q. test 
according to the AAMD classification manual used as a standard by the U. S. 
Department of Education.



SECTION 3. WORK PERFORMED 

3.1 METHODOLOGY 

3.1.1 Hypothesis 

Human-computer interface guidelines can be heuristically and empirically 

determined for selection or development of applications that will make the computer 

accessible to mentally retarded adults. 

3.1.2 Experimental Design 

To test this hypothesis, the experimental design used the following phased approach: 

Phase I observed the reaction of 12 participants, none of whom had 

ever uséd a computer, to two input devices and a graphical user 

interface. 

Phase II built on Phase I observations to design a set of tests to gather 

heuristic data on the usability of three input devices (mouse, 

touchscreen, and trackball) and to develop user interface guidelines for 

the development of applications for the target population. 

Phase III developed and tested a prototype to determine the validity 

of guidelines developed in Phase II. This prototype consisted of two 

games based on skills being taught to test participants: "Shopping," 

which provided practice in handling money, and "Getting Dressed," 

which attempted to reinforce the selection of proper clothes for work. 

3.1.3 Experimental Hardware/Software 

Test hardware was a Dell’ 386SX microcomputer equipped with MS-DOS 5.0, 

Windows 3.1 software, 2MB RAM memory, a 30 MB hard drive, and a Microsoft 

mouse. The machine was donated by a local business and was typical of the type of 

hardware available to volunteer organizations.



As the study progressed, the need for a larger hard drive and more RAM 

memory became obvious. A second business donated a used 200 MB drive. When 

performance problems were encountered while running the prototype, due to 

graphical requirements, an interested party donated and installed SIMMs to upgrade 

the RAM to 8 MB. 

A clip-on analog capacitive touchscreen frame and controller [QuikPoint 

GX140 Touchscreen from MicroTouch Systems, Inc.] was added to the VGA 

monitor. Five types of touchscreen technology were evaluated for this study.” The 

MicroTouch capacitive frame was selected because the vendor provided a simple 

calibration utility that could be learned quickly and used by volunteers in a 

community program setting. The manufacturer also provided a Windows 3.x driver 

utility, a development kit, and a telephone hotline that proved to be very responsive. 

The driver enabled the touchscreen to control DOS-based and Windows 3.x-based 

software without modification. The computer was also equipped with a sound board 

and a Microsoft mouse. 

For Phase II testing, a Kensington trackball, an oversized trackball frequently 

used to improved handicapped accessibility, ran off the mouse port via an adapter. 

This hardware limitation necessitated resetting the computer if one wished to switch 

from the mouse to the trackball, although the mouse could be used concurrently with 

the touchscreen. This enabled the experimenter to intervene during touchscreen use 

if a participant encountered hardware or software difficulties. 

The touchscreen and the sound board used the same MS-DOS interrupt 

settings. To use the sound board would have required system-level coding, which 

made incorporation of audio feedback not feasible within the scope of this study. 

3.1.4 Participant Selection 

Participants were men and women aged 24-60 living in group homes 

sponsored by Arlington Community Residences Incorporated (ACRI), a social



services agency that uses a combination of public and private funding to provide 

housing and support services to mentally disabled adults. All participants had been 

professionally evaluated as moderately developmentally retarded and, thus, fit the 

criteria for this investigation. (Terms used in the diagnosis of developmental 

disabilities are defined in Appendix A.) Their functional abilities varied widely. 

Some held jobs and worked independently in commercial settings. For others, 

sheltered workshop employment was more suitable. Participants under age 35 had 

received targeted special education up to age 18. Participants over age 35 were more 

likely to have spent most of their lives in institutions, and were not as well equipped 

to function independently. In a pretesting meeting, ACRI counselors recommended 

selecting participants who showed strong emotional stability, an ability to follow 

directions, and an outgoing attitude that would make them willing to work with the 

experimenter in an unfamiliar situation. These criteria were followed in identifying 

the test population. 

Test sheets identified participants by number to protect privacy. Detailed 

participant profiles are given in Appendix B. 

Four counselors volunteered to assist with study observations. All owned 

personal computers and were familiar with commercially available games and 

educational applications. Because they understood both the target population and 

application paradigms, their observations were focused and valuable. 

With one exception, none of the participants had ever used a computer. The 

group home had an Apple computer in the counselor’s office and participants had 

watched it being used. During pretest interviews, participants reported seeing 

computers advertised on television and seeing computers in stores. A counselor 

reported that one participant had been instructed using “assistive keyboard 

technology” but that the person was not able to use the keyboard unassisted. 

Participants were asked if they had ever played computer games or arcade games. 

Two women reported that they did not like such games. Reasons given were:"too 
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loud,” "too violent," and “don’t look like fun." One male respondent said arcade 

games "cost too much money." The counselor explained that this respondent did not 

have the eye-hand coordination necessary to prolong the action and that he lost his 

quarters very rapidly. 

3.1.5 Test Environment 

In Phase I, the test computer was placed on a 36-inch high desk in a second- 

floor counselor office. The test environment was quiet, but cramped when a 

participant and a two-person experimental team crowded into the room. Between 

Phases I and II, a commercial home-computer desk was acquired and placed in a 

corner of a large livingroom/diningroom area. Although this environment had a 

significantly higher background noise level, lighting was better, the workstation was 

more comfortable, and participants were more relaxed. 

3.1.6 Phase I Methodology 

Phase I testing used 12 participants, four men and eight women drawn from 

four ACRI group homes. Each session began with an informal conversation about 

computers and computer-like games, such as arcade games. For each participant, 

the computer was prepared by entering the Windows software and displaying the 

initial screen for the test game. The participant was seated in front of the computer 

while the volunteer assistant demonstrated moving the mouse or dragging a finger 

across the touchscreen to move the icons. The experimenter recorded time required 

to move icons and noted the participant’s choice of input device (mouse or 

touchscreen). Initially, it was planned to conduct testing with a children’s game 

called "KidSmarts Shapes and Colors." In this game, a user creates simple pictures 

by using drag-drop to move triangles, rectangles, and circles onto a template 

displayed on the screen. This application was selected because initial interviews with 

ACRI counselors had identified the following characteristics of the test population: 

11



° Extremely limited reading ability, most can read only their name. 

° Words required for survival are learned by rote, recognized by sight 

(e.g., "Danger," "EXIT"). 

. Speech proficiency varies widely; one is completely nonverbal, others 

have significant speech impairment. 

° Eye-hand coordination varies from no impairment to significant 

impairment. 

. Intellectual functioning is at the early elementary-school level. 

Initial reaction to the "Shapes and Colors" game was negative (as discussed under 

"Results."). The experimental team immediately switched to the "Solitaire" card game 

provided with Windows. Solitaire was used for remaining Phase I and Phase II 

testing. Appendix C, Test Materials, presents Phase I test instructions and a sample 

data collection sheet. 

3.1.7 Phase II Methodology 

Three Phase I participants had severe motor or visual problems that affected 

computer use. Because the test population was too small to do a definitive study of 

interactions between physical disabilities and developmental disabilities, it was 

decided to focus on the primary area of interest, which is developmental disability. 

Phase II testing used the nine participants, four men and five women, who did not 

have severe physical handicaps. 

Phase IT focused on input device usability. The computer was equipped with 

a touchscreen, mouse, and Kensington trackball. Three tést sessions with three 

participants per session were scheduled. Devices were presented in randomized 

order, as shown in Table 1. 
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TABLE 1. RANDOMIZED DEVICE PRESENTATION ORDER 

SESSION 1 SESSION 2 SESSION 3 

Mouse Trackball Touchscreen 

Trackball Touchscreen Mouse 

Touchscreen Mouse Trackball 

Test software was the Solitaire game provided with Windows 3.1. During the 

three-week period between Phase I and Phase II, the computer was in the group 

home and counselors played the Solitaire game with all house residents, including the 

test participants. The game paradigm was, therefore, well understood and the testing 

could focus on device usability. 

Testing was scheduled for three sessions, with three participants each. One 

of the ACRI residents decided not to participate, leaving a total of eight observations 

for Phase II. As in Phase I, the experimental team consisted of a volunteer who 

talked with the participant and an observer with a stopwatch who collected data. 

Initially, the experimental team planned to work with each participant individually, 

with waiting participants amused elsewhere. Before the end of the first session, it 

was found that participants viewed test sessions as a group activity and turned to 

waiting participants for advice on which card to play. Because this did not interfere 

with timing of drag-drop movements and actually encouraged participants to talk 

about interface problems, no attempt was made to isolate the test participant. 

The experimental team also noted problems encountered when a touchscreen 

is used with applications designed for the mouse (icons size, icon placement, etc.) 

Quantitative data collected included time required to move a designated icon to a 

target area. Qualitative data observed included device-related movement problems, 

screen navigation problems related to user interface design, and satisfaction. 

13



Satisfaction was determined from participant comments during and following test 

sessions. Appendix C, Test Materials, contains Phase II test instructions and data 

collection sheet. 

3.1.8 Phase III Methodology 

Interface usability observations made during Phases I and II were used to 

heuristically develop guidelines for selection or design of applications for the target 

population. (Section 4, Results, discusses these guidelines in detail.) A prototype 

was then developed and tested to determine validity of these guidelines. 

Between Phase II and Phase III, the computer was left in the group home with 

touchscreen, mouse, and keyboard installed. During that time, participants became 

increasingly skilled ih using the mouse. It was, therefore, decided to test the 

prototype with the mouse only to avoid the cursor offset and dead screen area 

problems encountered when the MicroTouch driver was used to adapt commercial 

applications for touchscreen use. Using only one device allowed observation to focus 

on usability issues. 

When Phase III testing began, six of the original participants were available, 

three men and three women. One participant had moved out of the area, another 

was unavailable due to illness. (Participant #9 had declined to be part of the study 

during Phase II.) 

Visual Basic 3.0 was used to build a prototype containing two games based on 

two basic living skills taught in the group home: managing small amounts of 

discretionary spending money and dressing appropriately for work. Counselors spent 

many hours trying to relate printed numbers, as on a price tag, to actual coins and 

bills. On occasion, group home residents had been openly cheated when shopping 

alone in the community. A few group home residents had problems selecting 

clothing for work, then putting dirty clothes in the laundry when taking them off at 

the end of the day. They wanted to wear the same clothes several days in a row. 

14



The games in the prototype were: 

° "Shopping," a game that enabled users to "buy" photographs of items 

by clicking on them, then “pay” with icons of dollars, quarters, and 

dimes. When change was due, appropriate icons were displayed. 

° "Getting Dressed," a game that used a drag-drop paradigm to enable 

users to dress an outline of a man with items of clothing displayed on 

the screen. Participants could drag and drop the clothing onto the 

figure or into a laundry basket in the corner of the screen. When 

clean clothing was selected, a smiley face appeared. When a dirty item 

was selected, a frowning face appeared. The dirty items could not be 

dropped onto the figure. ("Getting Dressed" was designed for persons 

with limited basic living skills and was initially developed and 

debugged using a touchscreen. After Phase III testing with the mouse 

was complete, it was installed with the touchscreen for permanent use 

by group home residents with greater developmental impairment.) 

The prototype also tested participants’ ability to use a Windows menu bar. 

Each of the two games displayed the following menu options: NEW GAME, which 

returned the user to the main menu; EXIT, which also returned the user to the main 

menu; ?7HOW TO PLAY-??, which displayed a help screen. The main menu had 

an EXIT option that returned the user to the basic Windows 3.1 screen. This was 

for the benefit of the experimenter and was not used in the testing. 

Testing began with a display of the prototype’s Main Menu. Because Phases 

I and II found that participants often became discouraged if they encountered 

difficulties at the start of a test session, Phase III participants were asked to select 

the less complex "Getting Dressed," which offered greater potential for a successful 

15



completion. Based on findings from Phase II, a five-minute familiarization period 

was incorporated into the test plan. 

When a participant finished "Getting Dressed,” either by declaring that the 

game was finished or by moving all icons off the screen, he or she was asked which 

menu term would get back to the main menu. The term chosen was recorded. 

The experimenter then selected "Shopping" and demonstrated buying items by 

clicking on pictures, deselecting items by clicking on a PUT BACK button, and 

paying for items by clicking on the PRESS TO PAY button. The initial screen 

displayed six items costing less than $10, the amount of spending money generally 

available to participants for discretionary spending. (A training focus is assistance 

in budgeting limited resources. Major expenses, such as medical care or clothing, are 

handled in accordance with Federal and State procedures governing assisted living 

programs.) Items on Screen 1 were a watch for $9.90, a knit hat for $4.50, a six-pack 

of CocaCola for $2.60, a bottle of perfume for $5.00, a tee-shirt for $8.50 and a candy 

bar for $.40. To help participants visualize the amount being spent, a text box 

provided an accumulator that was incremented by the price of items selected, 

decreased by price of items put back. When the PRESS TO PAY button was 

clicked, a second screen presented ten $1-bill icons, four quarter icons, and ten dime 

icons along with a text box showing amount of purchase, another text box that served 

as an accumulator for the amount paid, and a text box showing the change. When 

change was due, dollar, quarter and dime icons representing the correct amount 

became visible. 

Phase III testing focused on the following usability issues: 

1. Maximum and minimum sizes of icons. Earlier testing found large 

screen icons sometimes caused confusion as the participant tried to 

figure out where the icon could be activated. 

2. Minimum spacing between icons. 

Ability to use Windows-based menu bar. 
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4, Ability to use drag-and-drop versus click paradigm to activate icons. 

Ability to handle action involving more than one screen. 

6. Number of icons associated with a sense of closure: in a free-form 

situation, how many icons are manipulated before participant feels that 

the action is "over." 

7. Types of action liked, disliked by the participants. 

As in the previous phases, Phase III measurements and observations were 

made by the two-person test team with counselor input. In this phase, a computer 

systems analyst who had never worked with the target population also observed. The 

analyst worked for a Microsoft beta test site and had participated in beta tests of 

Microsoft commercial software. She was interested in use of Visual Basic to expand 

computer accessibility. Her independent viewpoint proved valuable in this phase of 

the study. 

Figure 1 shows the prototype Main Menu; Figure 2, the "Getting Dressed" 

screen; Figure 3, the initial version of "Shopping" Screen 1; Figures 4 and 5, Screen 

2 as initially displayed, and as displayed when payment is made and change is due. 

Appendix C presents test instructions and data collection sheets used. 

3.1.9 Revised Prototype Test Methodology 

Phase III testing indicated that Screen 1 of "Shopping" required major revision 

to achieve usability. The revision was installed on the test computer and retested, 

using the "Shopping" portion of the Phase III protocol and the appropriate portion 

of the data collection sheets. Four of the original six participants were available for 

this session. Two were unavailable due to illness. 
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3.2 DATA COLLECTION/ANALYSIS 

A stop watch was used to gather quantitative data. Qualitative data were 

gathered during test sessions by an observer who recorded positive and negative 

comments made by each participant. Following each session, informal conversation 

was used to gather further information about the participant’s reaction to the 

hardware and/or application. 

It had been hoped a tape recorder could be used to gather data. However, 

a preliminary test found participants focused on the recorder, not the computer. 

Also, a high background noise level made it difficult to hear comments. In addition, 

several participants had speech impediments which become more pronounced when 

they were nervous. For two of the participants, a counselor’s interpretation was 

essential for the observer to record comments. Test sheets proved to be the least 

obtrusive data collection instrument. The observer sat behind each participant and 

held the stop watch low to keep measurement activity as unobtrusive as possible. 

Because no guidelines could be found for usability testing with mentally 

retarded individuals, a primary purpose of Phase I was to determine type of 

quantitative data that could be collected successfully with the target group. Initially, 

Phase I attempted to collect data on the following: 

1, Ability to successfully select game from Windows menu. 

2. Ability to open game with double click or with enter key. 

3. Ability to successfully select shape for template (changed to ability to 

manipulate card in Solitaire game). 

4. Ability to position cursor. 

5. Ability to drag icon to correct position. 

6. Time to complete game (found not valid and not recorded because 

variation in numbers of icons presented impacted the number of moves 

that could be made and, therefore, time to complete). 

7. If game not completed, reason for stopping. 
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At the beginning of Phase I, attempts were made to gather time-to-complete data on 

total drag-drop sequences, beginning with the positioning of the cursor on the icon. 

This was not successful because participants had a wide range of cognitive and 

motor-related problems, which impacted time to position a cursor and depress a 

button. However, once a card had been selected, the target area determined, and 

the mouse button depressed, time required to complete a drag-drop movement was 

independent of intellectual functioning. Also, it was found that the participants tired 

after five or six moves, particularly if they had made five to ten moves during the 

familiarization session. These observations were incorporated into the test protocols 

for Phases II and III. 

Based on the experience gained in Phase I, Phase II was modified to reduce 

time required for an individual test to not more than 10 minutes per device and a 

data collection protocol was developed that would compare each person only again 

himself or herself. A series of five drag-drop movements were timed for each device 

only to compare usability of a device for a given participant. Phase II collected the 

following quantitative data for the mouse, touchscreen, and trackball: 

1. Number of icons moved with device before participant "felt 

comfortable." 

2. Time required for drag-and-drop movement (5 measurements for each 

device). 

Qualitative data gathered included descriptions of difficulties encountered and 

positive or negative comments made during testing. Each participant was also asked 

which device was “liked best." . 

Because Phase II data collection worked well, a similar approach was used to 

evaluate the prototype in Phase III. Quantitative data collected were: 

1, Time required to locate and use menu icon to start game. 

2. Time required to move item of clothing to outline of man (at least 

three movements timed and destination noted). 
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Number of icons moved before participant declares game over. 

Number of items bought in "Shopping" game. 

Time required to move money icon to payment area (at least three 

movements timed and icon moved noted). 

Qualitative data were collected on reaction to game paradigm, menu item 

selected to start new game, ability to undo actions by clicking PUT BACK button or 

moving money back to original location, and observations on screen navigation. 

A combination of observation and measurement was used to evaluate three 

interrelated factors: minimum size of icons, minimum spacing between icons, and 

effect of a visual focal point on cursor placement. Observations during Phases I and 

II indicated that groupings of cards that had to be moved from one stack to another 

presented two types of problems: participants were not sure where in the grouping 

the cursor should be placed and they had difficulty placing the cursor on the top card 

to move it to another stack. Moving a fully displayed card did not cause difficulty. 

Qualitative data were collected to investigate these user interface factors. 

A Statistical approach to data analysis was not appropriate because of the 

small number of participants and the variety of non-user interface factors that 

impacted recorded times. A wide diversity of functional ability levels is found among 

the developmentally disabled. The test group had participants functioning at 

approximately a four- or five-year-old level and individuals who had responded to 

training to the point that they were moving into an apartment situation that entails 

the maximum independence possible. Also, participants became fascinated with the 

ability of the mouse or the touchscreen to move an icon and played with the moving 

icons, drawing circles or moving the icon forth and back before placing it on the 

intended destination. When this happened, the experimenter discontinued timing. 

Observation of device use proved as valuable as timed movements. A purposeful 

movement of an icon was considered successful, even if the time required was greater 

than a time registered by a participant who seemed confused and almost accidentally 
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drag-dropped a card to a proper stack. Comparisons were made only to provide 

guidance. A large study controlled for ability level is a logical next step. 

3.33 RESULTS 

3.3.1 Phase I Results 

During the first session of Phase I, only one participant, an older woman, 

successfully completed a picture using the "Shapes and Colors" game. Two started 

the game, then said it "wasn’t fun." One did not even wish to try. The experiment 

team immediately called up the Solitaire game provided with the Windows 3.1 

software. This was immediately recognized as “playing cards." Participants then 

began to attempt to use the mouse and the touchscreen. This session provided 

informal obServations of difficulties encountered with clicking, double-clicking, and 

drag-drop movements. 

Because participants enthusiastically accepted the Solitaire game, it was 

decided to abandon the children’s game and use Solitaire for all subsequent test 

sessions. Because participants had great difficulty remembering which mouse button 

to click and did not have the finger dexterity to successfully double-click, the test 

hardware was modified by the addition of red stick-on paper dots placed on the left 

mouse button and on the ENTER key of the keyboard. This modification enabled 

the test team to give instructions such as "click the red dot," "click the red dot twice" 

or "hit the red dot on the keyboard." 

During this phase the following observations were made: 

1. Participants were startled by unexpected or unintended movement of 

an icon. It was not uncommon for a participant to be reluctant to 

continue if an accidental click turned a card unexpectedly or a drop- 

drag movement encountered difficulty. The experimenter had to 

continually reassure participants that the computer would not break. 

This problem diminished as participants gained a feeling of control. 
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Participants often resized the window unintentionally. This was a 

major cause of frustration. 

The file option in the menu line was often accidentally activated when 

the participant attempted to click on the card deck to turn cards. 

Participants seemed almost unaware of words on the menu line and 

were surprised when a menu bar option was accidentally activated. 

All participants were delighted when the pattern on the back of the 

card deck changed with each deal. Attractive visual cues were noted 

and commented on in a positive manner. 

The double-click paradigm proved extremely difficult. Even with a red 

dot affixed to the left mouse button, participants did not grasp the 

concept. However, a single click on the red dot was executed easily. 

The ENTER key on the keyboard was, therefore, used for all double- 

click movements. 

As the number of cards exposed on the screen increased, time to react 

and make a correct drag-drop movement increased. Immediately after 

a fresh deal, drag-drop movements were made firmly. As length of the 

card stacks increased, participants would indicate the start of a 

movement with a finger, then indicate the target, then think about the 

move before making it. In one instance, a participant who started out 

moving the cards himself insisted that a member of the experiment 

team move the cards for him as the game progressed. However, he 

wanted to keep playing the game. 

Using the computer was seen as a group activity. Efforts were made 

to exclude observers during initial test sessions. This was a source of 

frustration to participants, who wanted friends to observe. A 

compromise was reached. Because space was limited, no more than 

five people could be around the computer at a time: the test 
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participant, two friends, the volunteer member of the experimental 

team who was giving instructions, and the experimenter who was 

recording times and observations. At the time, the team considered 

the group Situation a nuisance. It later turned out to be one of the 

more significant findings. 

3.3.2 Phase II Results 

Table 2 summarizes drag-drop times for the three devices tested: mouse, 

trackball, and touchscreen. The touchscreen had the most consistent times among 

participants: an average of 4.96 seconds per movement with a mean of 6 seconds and 

a Standard deviation of 3.96. The mouse had the most inconsistent numbers with an 

average of 12.4 seconds, a mean of 8 seconds, and a standard deviation of 30.99. 

However, examination of the data shows that one specific trial for one participant 

accounted for this inconsistency. When this number is dropped, the mouse and the 

trackball show almost identical timing. Both had an average of slightly over 12 

seconds and a standard deviation of approximately 19. 

Four participants preferred the mouse, one the trackball, and one the 

touchscreen. Two had no opinion. The mouse was presented first to two 

participants who preferred it and was presented third to the two others. The 

trackball the first device presented to the participant who preferred it. The 

touchscreen was presented first to the participant who selected that as the preferred 

device. The number of participants was too small to draw any statistically significant 

findings from the fact that the first device presented was selected by four of six 

participants. Effect of presentation order is an area for further investigation with a 

larger number of participants. 

Table 2 summarizes the 120 measurements (8 participants, 3 devices, 5 

measurements per device). Results clearly show the touchscreen is faster, even 

without statistical testing. However, average times and user preferences, as shown 
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in Table 3, seem contradictory. The mouse had the longest average drag-drop time, 

yet was "most liked” by the largest number of participants. Participants were 

fascinated by the fact that moving the mouse across the pad moved the cursor around 

the screen. The experimental team had hoped that the novelty would pass after a 

familiarization period. For the most part, this was true. However, six of the eight 

participants engaged in random "free play" after three or four timed moves. The 

trackball was more difficult to use and did not inspire this type of experimentation. 

All participants used both hands to perform a drag-drop with the trackball, one hand 

depressing the left button, the other rolling the ball. Except for one participant over 

age SO, all found the touchscreen "tiring" or “not fun." 

Data in Table 4 confirm that participants who spent a longer period of time 

becoming familiar with a device showed more facility during the timed portion of the 

test. In general, the more a participant practiced, the more successful was the 

testing. The one exception was participant #3, who had difficulty with the mouse. 

When that participant became discouraged, the trackball was installed. That, too, 

was difficult and the person refused to continue the testing. 
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TABLE 2. SUMMARY OF DEVICE TESTING 

  

  

  

  

  

  

  

  

                    
  

  

  

  
  

  

              

  

  

‘Device Partici- | Presentation | Drag-Drop Times (in seconds) Avg. 

pant Order 

Mouse 1 3 4 5 10 8 8 7 

2 3 17 12 8 17 15 13.8 

3 1 202 8 4 8 6; 45.6 

4 3 4 5 8 5 7 5.8 

5 2 9 13 4 8 7 8.2 

6 2 4 5 4 10 4 5.4* 

7 1 9 4 16 4 4 7.4 

8 1 12 4 4 6 4 6 

Average = 12.4 Std. Deviation = 30.9 

Trackball 1 2 12 15 4 12 4 9.4 

2 1 6 10 45| 24|, 38| 24.6 

3 2 6 5 5 | 105 6| 25.4 

4 1 8 20 12 13 10 12.6 

5 3 12 5 12/" o*| o*) 5.8 

6 3 Fatigued - Did Not Wish To Try 

7 3 4 9 4 15 4 7.2 

8 2 3 4 4 4 3 3.6                   Average = 12.3 Std. Deviation = 18.5 
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Device Partici- | Presentation | Drag-Drop Times (in seconds) Avg. 
pant Order 

Touchscreen | 1 1 12 10 6 0* 0* 5.6 

2 2 | 8 12 7 7 5 7.8 

3 3 Did Not Test - Equipment Failure 

4 2 10 6 6 6 4 6.4 

5 1 10 12 5 12 11 10 

6 1 4 5 6 5 4 4.8 

7 2 12 3 6 4 7 6.4 

8 2 3 o* o* o* o*| 0o* 

Average = 4.96 Std. Deviation = 3.96     
* Test ended at participant request 
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TABLE 3. PREFERRED DEVICE VS. AVERAGE TIME 

  

  

  

  

DEVICE Average Drag- | Standard “Liked Best" (2 
Drop Time Deviation* “No Opinion") 

Mouse 12.4 sec. 30.99 4 

Touchscreen 4.96 sec. 3.95 1 

Trackball 12.3 sec. 18.54 1             
* The large standard deviation for the mouse reflects participant #3. Several 
unsuccessful tries were made to time movements. Whenever the participant glimpsed 
the stopwatch, he began to "play" with the mouse, moving it in large random patterns. 
During a time-out period, it was arranged to have a counselor stand in the kitchen 
and time the movements using the kitchen clock. Table 2 shows the result of this 
strategy. Drag-drop times dropped from 202 seconds to 8,4,8, and 6 seconds. 
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TABLE 4. COMPARISON OF PRACTICE MOVES, AVERAGE TIMES 

  

  

  

  

  

  

  

  

  

    

Partici Tries Before "Felt Comfortable” Average Time 

“pant Mouse Trackball | Touchscreen | Mouse Trackball | Touchscreen 

1 3 10 5 7 9.4 5.6 

2 3 10 2 13.8 24.6 7.8 

3 4 5 No Test 45.6 25.4 No Test 

4 15 15 5 5.8 12.6 6.4 

5 4 1 5 8.2 5.8 10 

6 o* 0* 0* 5.4 o* 4.8 

7 10 10 4 7.4 7.2 6.4 

8 6 2 2 6 3.6 3**             
  

* Counselor aided all tests 
** Participant quit after first try, stating it was "not fun" 
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To determine if participants used the mouse as efficiently as a non- 

developmentally handicapped person, control measurements were made with the 

mouse and the Solitaire game. Control participants were three of the author’s 

coworkers: a 23-year-old computer science major (#1); a young women in her 20’s 

who was not a regular computer user (#2); and a man in his 50’s who was a DOS- 

based applications user unfamiliar with the mouse (#3). The test script for Phase 

I was followed. All were given time to become familiar with the Solitaire game, then 

timed for five drag-drop movements. Their times were, as follows: 

  

  

  

  

  

  

  

Control #1 Control #2 Control #3 

3 seconds 3 seconds 3 seconds 

2 seconds 4 seconds 4 seconds 

2 seconds 3 seconds 2 seconds 

3 seconds 3 seconds 3 seconds 

2 seconds 3 seconds 4 seconds 

AVG 2.4 seconds | AVG 3.2 seconds AVG 3.2 seconds           

These times, roughly half times recorded for study participants, confirm 

informal observation made during testing: participants reacted in a slow, deliberate 

manner and moved the icons with measured, carefully controlled gestures. Fast 

action is not a requirement for applications designed for this population. 

Usability problems first encountered during Phase I continued to be a 

problem. Participants accidentally resized windows and unintentionally activated 

options on the menu bar. The pull-down menu for the FILE option caused the most 

problem because it was less than an inch from the top of the card deck. The test 

protocol did not time actions that caused such Windows-related problems. The 

experimenter would reset the screen and engage in conversation to reestablish a calm 

atmosphere before any attempt was made to continue timing. 
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3.3.3 Informal In-Situ Experience 

Four months elapsed between the conclusion of Phase IJ and the completion 

of the prototype. During this time, the computer was in the dining room of the 

ACRI group home with touchscreen and mouse installed. Counselors found that test 

participants, other group home residents, and developmentally disabled visitors from 

other ACRI-sponsored homes enjoyed the Solitaire game. Computer use became an 

optional recreational activity. Two counselors learned to calibrate the touchscreen 

and assumed responsibility for maintaining the hardware. 

During this time, commercial applications were surveyed to identify programs 

that might be useful with the target group. 

Action-based children’s games were installed on the computer, but were 

rejected by the group. Games that required users to evade hostile attacks were the 

least liked. Because of their slow reaction times, participants were wiped out in one 

or two minutes. One game had a “time-out” paradigm that canceled the action if a 

predetermined time elapsed without a move. Again, because of their cognitive 

difficulties and eye-hand coordination problems, they consistently triggered "Game 

Over" messages, often after only two or three moves. When the action games proved 

disappointing, the house residents went back to Solitaire. 

A preschool game that featured bears getting dressed, brushing teeth, etc. was 

tried. The target population thought the bears were cute, but did not identify with 

the actions. They were insulted when counselors attempted to draw parallels. 

Two shareware programs -- a simple version of Hangman and a simplified 

version of the Wheel of Fortune® television program -- were popular and were used 

to help teach letters and words to nine persons, three of whom were test participants. 

The Solitaire game provided with Windows 3.1 remained the favorite 

application with both house residents and counselors. 

During this period, two distinct user groups emerged. Individuals who tested 

at the upper level of the moderately developmentally disabled range showed mastery 
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of the computer and learned to use both mouse and touchscreen. The more severely 

disabled became confirmed touchscreen users and wanted to play games with the 

counselor assisting. When the handicapped person used the touchscreen and the 

counselor used the mouse, the computer provided a nonthreatening shared 

experience that encouraged conversation, helped improve verbal skills, and provided 

an interactive activity that drew observers. The head counselor considered this a 

valuable contribution to the home because a major goal was to encourage 

appropriate social interaction. This tends to confirm the recommendation by Bull 

[1988] that the computer can be used to create a shared context for learning. 

As a result of observations made during this informal test period, the 

following screen design changes were made in the prototype applications: 

1. Screens for "Getting Dressed" were simplified and aimed at a lower 

ability level. Originally, the screen displayed a closet and a chest of 

drawers containing clothes. The screen was simplified to begin with a 

display of clothing. Visual clues indicating appropriate clothing were 

added. A laundry hamper was added for dirty clothes. 

2. Graphics for both test games were modified to use photographs or 

realistic drawings. Cartoons and abstract symbols (e.g., rectangle with 

"$1" on it for a dollar bill) were not easily recognized. 

3. Number of items on screens for both games was reduced. Acceptance 

of a game decreased as the screen became more complex. 

4, Greater efforts were made to present logical groups. Dollar bills on 

the payment screen were overlapped to provide visual groupings. 

Prices were placed over pictures of items to provide a more easily 

understood visual grouping. The exception was the "Getting Dressed" 

game that deliberately scattered the clothing in a random manner to 

create a Situation that would require more thought. 
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3.3.4 Phase IIT Results 

This phase focused on the following human-computer interaction factors. 

imum and minimum sizes of icons/ effect of strong visual element. 

These elements are discussed together because their interaction appears to impact 

usability. Observations made during Phase I, Phase II, and the in-situ period found 

that the target population had problems with icons that were too large as well as with 

icons that were too small. Games with large screen icons sometimes caused 

confusion as participants tried to figure out where to click or touch. The prototype 

icons varied in size from 2 inches by 2 inches down to .5 inch by .5 inch (the dime 

on the money screen) and could be activated from any point within the picture box. 

In the "Getting Dressed" game, a pair of jeans and a pair of black slacks were 1.5 

inch by .75 inch. Shirts were 1 inch by 1 inch. A pair of shorts was 1 inch by .75 

inch. All of the "Getting Dressed" icons were manipulated easily. In "Shopping" the 

large icons were a watch and a tee-shirt. Participants easily placed the cursor on the 

dial of the watch (2 inch by 1 inch). However, when it was suggested that they might 

like to select the tee-shirt (2 inches by 2 inches), they would move the cursor in a 

random manner, then go to another picture that had a strong graphical element that 

provided a good target (e.g., the cap on the bottle of perfume, the words "CocaCola" 

on the six-pack of Coke). 

The 10 dollar icons were 1 inch by .5 inch and were overlapped in stacks 

containing five, three, and two icons. Four quarter icons were 1 inch by 1 inch and 

arranged in a row. Ten dime icons were .5 inch by .5 inch, arranged in two rows of 

four each and one row of two. Dollar and quarter icons were handled easily. The 

number of icons in a stack did not seem significant. All participants positioned the 

cursor on the image of a head in the center of the bill or coin. It had been 

anticipated that the small size of the dime would cause problems. None of the 

participants started with a dime. By the time they selected this icon, they positioned 

the cursor on the image of a head and had no problem. 
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2. Minimum spacing between icons. Icons in "Getting Dressed" were 

arranged randomly with spacing ranging from .5 inch to 1 inch. Participants had no 

problem with the .5 inch spacing when using the mouse. This may be because the 

two most closely spaced icons were the 1.5- by .75-inch pairs of pants, which had a 

large drag-drop activation area. Participants tended to position the cursor in the 

center of the rectangular area before depressing the left mouse button. The payment 

screen of "Shopping" also had icon spacing ranging from .5 inch to 1 inch. 

Participants increased the spacing by moving the most easily accessed icons first, 

making room to manipulate the closely spaced quarters and dimes. 

Experience with the Solitaire game showed that spacing less than .5 inch did 

cause problems if the activation area were small. Activation area for the top card 

in a Solitaife stack is°.25 inch vertically and 1 inch horizontally. Participants often 

required multiple attempts before positioning the cursor correctly to move a stack. 

Fully displayed cards, which were manipulated easily, are 1.25 inch by 1 inch. 

3. Screen navigation, In "Getting Dressed," participants began with the icons 

closest to the target of choice -- either the man or the laundry hamper. Those who 

wanted to put clothes on the man began with the shirt and pants closest to the figure. 

Once the man was dressed to their satisfaction, they moved clothes to the laundry 

hamper beginning with items closest to the hamper area of the screen. 

A similar approach was seen with money icons. Participants began with the 

dollar or quarter closest to the payment area. Overlapping dollar bills presented no 

problem. Participants moved them off in sequence. Some difficulty was exhibited 

with the dimes. The grouping apparently did not have an obvious entry point and 

participants would study the screen before moving the cursor. (It had been thought 

that participants would begin with the two dimes at the top of the grouping. All 

participants debated between the two left-most dimes in rows two and three. Often 

they would move from one dime to another, attempting to select the "right" one.) 

The grouping, not the spacing, seemed to be the major cause of difficulty. 
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4. Reaction to Windows-based menu bar. The words HELP, PLAY AGAIN, 

and EXIT were used on the menu bar. The word EXIT is one of the survival words 

that is taught to this group and is recognized by rote on signs in public buildings. 

This learning did not transfer to the computer screen. Most of the participants have 

limited reading ability and pay attention to words only when directed to look at them 

or when the words have some visually appealing characteristic (such as the distinctive 

CocaCola trademark). In this testing, the concept of the menu bar had to be 

explained for each screen. The ability to learn to use a menu bar and then 

generalize the concept is an area for further investigation. 

5. Reaction to drag-and-drop versus click paradigm to activate icons. The 

observers were surprised to find that participants preferred drag-and-drop to a click. 

The major problem with the initial version of "Shopping" was that participants did 

not feel they had selected an item by clicking on it. They clicked multiple times to 

try to get the icon to “do something." The revised screen used drag-drop to move a 

chosen item to a shopping cart to "buy" it and allowed participants to move items out 

of the cart to "put it back." 

It is interesting to compare this observation with the work of Horner and 

others [1990], cited in Section 2. Researchers in the Horner study initially thought 

a mentally retarded 14-year-old boy would prefer the instruction tool that required 

minimal work on the part of the user. Instead, the boy preferred a low-efficiency, 

high-energy paradigm and showed less aggressive behavior when using this 

application. No reason was given for this effect. ACRI participants openly stated 

that they liked to control the icons. Drag-drop enabled them to be in command of 

the screen action. 

6. Usability of two-screen paradigm. The "Shopping" game required two 

screens because of the large number of graphical elements involved. Participants had 

difficulty going from the shopping screen to the payment screen. In every case, the 

participant had to be assisted in moving from the first screen to the second. 
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7. Number of icons associated with a sense of closure. Two participants 

considered the "Getting Dressed" game "over" as soon as shirt and pants were placed 

on the man. The other four moved all remaining clothing (a total of seven icons) to 

either the man or the laundry hamper. This group wanted to be able to layer more 

clothing on the man. In the "Shopping" game, all six participants selected two items. 

Because they were encouraged to pay the total amount shown, they moved 11 to 15 

money icons. Two began to lose enthusiasm after five or six icons, three dutifully 

moved the appropriate number and one moved every icon on the screen and 

declared "I won." Counselors especially liked the money screen because it 

emphasized the number of pieces of money required to equal a given price, say 

$8.60. As the participants began to grow tired, the observing counselor would 

motivate them by pointing out that yes, indeed, it takes a lot of dollars and quarters 

to pay that much money. 

8. Types of action liked, disliked by the participants. As discussed earlier, 

the drag-drop paradigm was preferred to a click for initiating action. Participants 

liked the control. Participants were deliberate and wanted user-paced interface 

designed that allowed them time to think about movements. This deliberate 

approach was especially apparent with the money icons because participants were 

computing the amount required to make the payment. This is shown in the 

comparison of timed movements of icons for the two games, shown in Table 5. 
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TABLE 5. PHASE IIT DRAG-DROP TIMES 

  

Drag-Drop Times, Clothing Icons (in seconds) 

  

  

  

  

      
  

  

  

          

  

  

  

  

      
  

  

  

            

Participant 1st Icon 2nd Icon 3rd icon 

1 2.5 2 3.5 

2 90 120 -* 

3 3 4 5.5 

4 3.5 4 5 

5 Did Not Test 

6 Did Not Test 

7 5 5 4 

8 3 3 3 

Drag-Drop Times, Money Icons (in seconds) 

Participant 1st Icon 2nd Icon 3rd Icon 

1 15 30 15 

2 85 130 150 

3 120 130 140 

4 30 45 60 

5 Did Not Test 

6 Did Not Test 

7 5 6 20 

8 5 3 3 
  

* Participant moved the first and second icons (pants and shirt) to figure of man and declared 
"There, done." 
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Clothing icons were instantly understood. Only one participant deliberated over 

which ones to move. Money icons represented a challenge. The first four 

participants began the drag-drop, thought about the movement, and only when 

encouraged, completed the payment. One participant moved two dollar icons readily, 

then, as described earlier, moved back and forth between the left-most dimes in rows 

three and four attempting to select the "right" one. The rapid movement time 

recorded for the final participant were dollars peeled off a stack of overlapping bills. 

Participants also preferred an uncluttered screen. They stated they liked 

“Getting Dressed" because icons were smaller and had more space between each. 

"Shopping" Screen 1 was not seen as appealing by participants, although counselors 

and observers preferred it to "Getting Dressed." Screen 2 of "Shopping" was not 

perceived as having “too many things on it." One person, when asked what would 

make the game more fun, suggested "Have more money." 

3.3.5 Prototype Revision 

Screen 1 of "Shopping" was redesigned to add a shopping cart. Users could 

"buy" items by using a drag-drop to move photographs into the shopping cart, or put 

an item back by dragging it out of the cart. In addition to the numeric accumulator, 

12 "$" icons were added. The “$s" decreased as purchases were made, increased 

when items were put back. Screen 2 was redesigned to display the dimes in a 

pyramid shape with two dimes in the row closest to the "Pay Here" area. 

Figure 6 shows the revised Screen 1 of "Shopping" as initially displayed. Figure 

7 shows screen appearance after purchases have been made.” 
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Participant reaction to the redesigned screen was that it was “more fun." 

Participants smiled as they moved items into and out of the shopping cart and quickly 

related the appearing and disappearing dollar signs in the upper right corner to the 

concept of "having money left." When the dollar signs decreased to one or two, 

participants clicked to go to the payment screen without prompting. Redesign of the 

display of dimes on Screen 2 seemed to provide a natural entry point to the grouping. 

Drag-drop times were almost identical to these in initial testing, but participants 

selected icons more confidently. Because test protocol did not record decision time, 

no quantitative data were collected. This is an area for further investigation. 

Endnotes 

1. Dell is a trademark of Dell Computer Corporation. Intel 386 is a trademark of 
Intel Corporation. Microsoft and Windows are trademarks of Microsoft Corporation. 

2. Five types of touchscreens were available: infrared, resistive, surface acoustic 
wave, capacitive and force measurement. Infrared, resistive, and capacitive screens 

were available as add-on membrane kits, costing approximately $600, compared to 
plug-and-play touchscreen monitors costing $1600 or more. Literature reviews found 
that capacitive and resistive touchscreens tend to be more sensitive and register a 
touch that is applied with less pressure, making both suitable for drag-drop 
applications. However, resistive touchscreens are susceptible to scratching by 
fingernails, jewelry, or other objects. Infrared and surface acoustic wave screens are 
slower and seemed less suitable for drag-drop applications. Force measurement 
devices cost only $900 for a plug-and-play monitor, but require a separate platform 
with sensors attached, which forms a base for the monitor. A touch moves the 

platform in three dimensions, changing capacitance among the sensors. A force 
measurement screen is designed for a sealed environment, and would be susceptible 
to damage in a group home. Various brands of capacitive screens were investigated 
as this type seemed most suitable for testing. 
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SECTION 4. DISCUSSION 

This study was intended to be a first step in conducting formal human- 

computer interaction usability studies with adults who are classified as moderately 

mentally retarded. Its purpose was to provide guidelines for a group of people who 

work with such handicapped adults and who felt that the computer had potential as 

a teaching tool if they could find appropriate applications. As discussed in Section 

1, educational literature describing computer use with the developmentally disabled 

does not address user interface issues. Hardware-based articles feature expensive 

advanced technologies for individuals with multiple mental and physical handicaps 

while software-based articles, with the few exceptions cited in Section 2, emphasize 

the unique nature of various types of mental disability, leaving the educator or social 

worker with the task of searching through educational applications catalogs with little 

idea of what might or might not work. 

4.1 ACCEPTANCE OF THE COMPUTER 

The fundamental question addressed was would the computer be accepted and 

used by moderately retarded adults living in a group home? The answer came during 

the weeks the test computer was in the group home between Phases I and II and 

while the prototype was being developed. Residents never took the initiative to turn 

on the computer. However, two of the test participants would ask to "play cards," a 

reference to the Windows Solitaire game. The computer began to be a useful tool 

when two computer-literate counselors were hired. They began to use the computer 

as an alternative to watching television, bringing in a variety of games and shareware 

programs from their personal computers. During this period, the head counselor for 

the program sought donation of a table so the computer could be moved from the 

second-floor counselor’s office to a location in the living/diningroom area. When a 

computer desk was acquired and the move made, the computer became accepted by 
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house residents who had not participated in testing. When a game was started, a 

group would gather to watch and ask to take turns. This experience seems to 

confirm the finding of Bull et al.[1988]. They found that mentally retarded children 

did not take the initiative in using the computer and did not seem motivated to learn 

to use it in an unattended manner. However, they suggested that the computer can 

be used to create a shared context. 

The test prototype, which was under development, was modified to reflect this 

finding. Initially, it was intended for use by one person in typical computer-aided 

instruction mode. The initial design incorporated the type of "correct/incorrect" 

answer feedback found in instruction programs. When it became obvious that this 

would be a game played by two people, the multi-screen, go-to-the-next-question 

paradigm was abandoned. Rather, both games in the prototype were designed to 

create a situation that could be discussed by two or more people. During evaluation 

sessions, a counselor actively commented on choices made by the participant. Other 

residents of the house offered opinions. This behavior was consistent with the 

computer interaction observed during Phase I. The members of this group do not 

want to sit in isolation in front of a screen. Using the computer is a social activity. 

The revised prototype also incorporates HELP screens designed for counselors or 

volunteers working with the target population, not for developmentally disabled 

persons working alone. 

4.2 INPUT DEVICE USABILITY 

Both educational literature and the popular press emphasize physically 

handicapping conditions that frequently accompany mental retardation. Before this 

study began, it was assumed that participants would have difficulties with input 

devices due to clumsiness and lack of coordination. The literature review included 

a series of reports prepared by the President’s Committee on Mental Retardation. 

One in particular, The Mentally Retarded Worker, An Economic DiScovery, [15] 
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gathered figures showing that physical disability and mental disability were separate 

issues. Statistics gathered on accident frequency found that persons with IQs below 

70 had safety records as good as or better than non-retarded employees. When 

testing began, we found that participants were able to use readily available 

graphically oriented input devices. 

Phase II evaluation sessions did not incorporate the keyboard because many 

of the participants had limited reading ability. However, when the computer was 

being used informally in the group home, participants used the keyboard to play 

Hangman and the shareware Wheel of Fortune game, which involves choosing letters 

to spell out phrases, song titles, etc. Counselors are using these games to reinforce 

a knowledge of letters and words and improve reading ability. 

Phase II sessions found that both the touchscreen and the mouse were used 

successfully, but that the trackball presented coordination problems. When asked 

which device they preferred, six of the eight participants said the mouse. They liked 

the feeling of control it gave them. However, when the personal computer was left 

in the group home with both the touchscreen and the mouse attached, it was 

discovered that test participants were not truly representative of the total available 

population. Because participant selection criteria included ability to follow directions 

and adaptability to unfamiliar situations, these people were at the upper end of the 

ability range. 

When counselors began playing computer games after supper, a second user 

group emerged. These people were more severely handicapped. Most had problems 

expressing themselves verbally and found strange situations frightening. However, 

in the security of their home with people they knew well, they wanted to try the 

games. One counselor brought in a child’s painting and drawing game. Another 

brought an adventure game that featured user-controlled action. The Solitaire game 

proved ever popular. This second user group found the mouse difficult and preferred 

the touchscreen. 
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4.3 HARDWARE GUIDELINES 

The study found that equipment placed in a group home must be rugged. 

Also, because persons with mental disabilities often have limited reading ability, the 

CPU should have sufficient RAM memory to run graphically-based applications 

easily. (The 2 MB RAM of the donated computer had to be upgraded to 8 MB to 

successfully run the prototype.) The computer should have a minimum of 80 MB 

hard drive space to accommodate graphically-based applications. 

Addition of a touchscreen considerably enhances computer usability with 

mentally disabled persons who have cognitive or motor coordination difficulties. 

However, to use applications designed for a mouse, the touchscreen must offer drag- 

drop capability. This implies equipment that is more responsive than that found in 

kiosks or equipment control panels. The trade-off associated with more sensitive 

equipment is the requirement for frequent calibration. A variety of factors affect 

touchscreen operation. The frame must be tightly sealed to the monitor. All 

connections must be tight (a problem when the computer stand is moved during 

weekly housecleaning). Someone in the group home must understand the importance 

of using only a damp cloth to clean the screen and not a commercial cleaning 

product containing ammonia. The touchscreen was usable for this study only because 

two counselors were willing to assume on-site responsibility for the equipment, learn 

to calibrate it to accommodate the various users, and notify the experiment team 

when repair was needed. It is recommended that, if funds can be obtained, a 

touchscreen monitor be used rather than a clip-on screen because (1) there would 

be no seal to come loose as there is with clip-on screens, and (2) the controller board 

would be inside the monitor housing, not in a box attached to the power cord. 

External controller cards can be knocked off a stand and damaged, and the 

connections can become loose. An internal board would be less of problem for a 

community-based organization depending upon volunteers for maintenance. 
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4.4 SOFTWARE GUIDELINES 

Table 6 lists the software-based human-computer interaction problems 

encountered in Phase I and Phase II testing. It then shows how the prototype design 

attempted to overcome these problems, and the success or failure of the attempt. 

A discussion of user interface design guidelines developed as a result of the 

prototype testing immediately follows the table. 

TABLE 6. PHASE II AND PHASE III RESULTS 

  

Probiem Identified During 

Phase il 

Resulting Guidelines for 
Prototype Design 

Phase Ill Testing Results 

  

Accidental resizing of 
screen. 

All screens displayed in 
"maximized" state. 

Resizing no longer a 
problem. 

  

Accidental activation of 

menu bar, particularly 
“File” option. 

Active areas of screen at least 

1 inch from menu bar. 

Accidental activation still 
a problem. Revision 
placed active areas 1-1/2 
inches from menu bar. 

  

Problems manipulating 
icons less than 1/2 inch 
apart. 

All icons on "Getting Dressed" 
at least 1 inch apart unless 
dropped closer by user. Icons 
on "Shopping" game payment 
screen stacked due to space 
limitation, but become 

available at spacings that 
allowed a minimum of 1-inch 
for manipulation. 

For less developmentally 
advanced, stacked money 

icons presented a 
problem. More skilled 
participants had no 
problem. Stacked dollar 
icons were easily "peeled" 
off and moved. 

  

  Menu options not 
recognized and used.   Basic words such as EXIT, 

and PLAY AGAIN used for 

menu items. Question mark 
icon added to help item.   Menu text not recognized, 

used only when 
experimenter pointed out. 
Question mark noted, but 
not used as source of 
help. 
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Problem Identified During 
Phase Il 

Resulting Guidelines for 
Prototype Design 

Phase Ill Testing Results 

  

Difficulties encountered 

when drag-drop had to 
circumvent other screen 

icons. Greater control 

achieved when drag-drop 
was from top of screen to 

bottom or from left to 

right. 

Trade-off required because top 
to bottom and left to right 
drags involved active areas 
immediately under “File” menu. 
Prototype tested effect of 
spacing and screen layout on 

drag-drop ability. Initial tests 
with children found that right 
to left drag on "Getting 
Dressed" not a problem if 

target obvious and path 
uncluttered. Moves in 
"Shopping" game are left to 
right, but dimes and quarters 
must move from bottom to top 
due to screen space problems. 

Lack of clutter and logical 
movement path proved 
more important than left 

to right and top to bottom 
rule. 

  

Coordination problems 
with double-click 

movement, especially with 

touch screen. Confused 

when directed to use 

ENTER key on keyboard. 

All choices activated with 
single click. No need to use 2 
devices (touchscreen/ 
keyboard or mouse/ 
keyboard). 

Eliminating double click 
made it easier for 
participants to use menu. 
However, a single click 
was not satisfactory for 
selecting items in 
“Shopping” game. 
Participants kept clicking 
on picture to get it to “do 
something.” A drag-drop 
movement that indicated 

user contro! was 
preferred. 

    Complete drag-drop cycle 
difficult for users with 

motor coordination 

problems.   Drag-drop response coded 
into Visual Basic drag-drop 

module for each icon to help 

ensure success.   icon "jumping" to correct 
location when moved 
within range reduced 
frustration observed when 
exact placement was 

required. 
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Ne 
  

Probiem identified During 

Phase li 

Resulting Guidelines for 
Prototype Design 

Phase Ill Testing Results 

  

Target population thinks 
slowly, startled when 
screen reacts too quickly 
or too many activities 
occur in rapid succession 
(problem with most 
commercial games). 

Games designed to give user 
maximum control. Feedback 

simple. 

Participants not startled 

by screen action. 
However, simple click did 
not provide sufficient 
visual feedback on 
"Shopping" game. 
Redesign necessary to 
increase user control of 
icons, add visual 
depiction of amount 
spent. 

  

  
Abstract thinking difficult. 
Participants relate to 
photographs better than to 
cartoons.   

Realistic icons used. 

  
Photographs of items and 
realistic icons readily 
recognized. Commercial 
games with realistic icons 
more readily accepted 
than highly abstract 
cartoon representations. 
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The following user interface design guidelines were developed based on 

prototype testing: 

1. Pace of screen action should be completely under control of the 

participant. Sudden or unexpected movement is confusing. 

A DOS paradigm with screen boundaries locked in place is preferred 

to a Windows paradigm that allows resizing of screens because 

accidental changes in screen size are confusing to participants. 

Active areas need to be at least 1-1/2 inches away from the menu bar 

and so placed that icons will not be dragged near the menu bar. 

Pull down menus were not used easily by study participants. Both 

motor control problems and cognitive problems were observed. 

Alternative means of presenting information need to be developed. 

Simple words could be used, but words combined with an icon were 

more quickly noted. Meaning of icons must be taught. Icons on main 

menu (cars for shopping, figure of man for getting dressed game) were 

recognized correctly after familiarization session. However, use of a 

question mark for help seemed not to have meaning for participants, 

probably because the help screens were text-based and the participants 

have limited reading ability. Primary users of help screens were 

counselors or volunteers. 

Screen movements that mimic real life situations are more easily 

comprehended. Moving items to a shopping card with a drag-drop 

movement was more readily understood than clicking to select items. 

Screen clutter decreases comprehension. If the screen must contain a 

large number of items, a logical grouping assists understanding. If 
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multiple items can be moved, a clear path through the grouping is 

essential for comprehension and manipulation without frustration. 

8. Abstract items are not quickly comprehended. The concept of "put 

back" was not comprehended when the participant clicked a button to 

subtract the item from an accumulator. The concept was immediately 

understandable when the participant moved an item out of the 

shopping cart to a location on the screen. 

9. The target population is more likely to accept the computer as a 

shared activity rather than as a stand-alone computer-assisted 

instructional program. Devices that make the screen fun for a 

counselor or volunteer to use will enhance the mutual enjoyment and 

usability of an application. 

4.5 ADDITIONAL FINDINGS 

During the four months between Phase II and Phase III, when the computer 

was in the group home, participants became skilled at playing the Solitaire game and 

insisted on a game of Solitaire as their reward for participation in the prototype 

testing. As a result, the experiment team was able to observe the improved number- 

matching skills exhibited by the participants. Initially, participants had to be 

prompted to put "a red 6 on a black 7." At the conclusion of Phase I, participants 

recognized the alternating red and black cards, but did not grasp the descending 

number sequence. The shift to an ascending number sequence to build the stack on 

the aces at the top of the screen proved extremely confusing. By Phase IT, both 

descending and ascending sequences had been mastered. 

The prototype was revised during the month of December. The retest was 

delayed by several severe ice storms that kept the group home residents house-bound 
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for almost two weeks. The commercial applications brought in by counselors (as 

described earlier in this section) proved a welcome alternative to watching television. 

The group interaction fostered by the games helped ease the tension and boredom. 

Games with learning potential helped both residents and counselors feel that 

productive use was being made of this time. 

A factor that was not measured, but was observed consistently over the course 

of this study, was the feeling of pride that the participants exhibited when they 

learned to use the computer. One participant showed up for the sessions in a white 

shirt and tie and viewed the testing as his "computer lesson.” They are aware that 

the computer is an important tool in our society. Their self-esteem was increased 

when they could participate in the computer culture. This observation parallels the 

finding of Gardner and Bates [40] who surveyed 59 students aged 13 to 22 years who 

were in classes for educable mentally retarded. These students felt they "learned 

more" when they used computers. Observations of these students also found 

increased feelings of confidence and self-esteem. The researchers suggested that 

computer use could be a positive force counteracting negative attitudes that mentally 

handicapped individuals often encounter. ACRI participants definitely showed 

enthusiasm for the testing sessions and proudly reported their computer usage to 

persons at places of employment. 
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SECTION 5. CONCLUSIONS AND FUTURE WORK 

5.1 CONCLUSIONS 

The purpose of this exploratory study was to determine if human-computer 

interface guidelines can be heuristically and empirically determined for selection or 

development of applications that will make the computer accessible to mentally 

retarded adults. Because the literature provided little guidance for the conduct of 

field research in this area, a three-phase approach was adopted, with both the test 

session methodology and the findings evaluated at the conclusion of each phase. As 

described in section 3.1.7, the test session methodology was adjusted during Phases 

II and III to incorporate lessons learned concerning the ability of the target 

population to participate in usability testing. 

The study deliberately incorporated the type of equipment that a community- 

based program could reasonably expect to acquire through purchase or donation. 

Eye-blink technologies and other high-cost assistive devices were considered beyond 

the scope of this effort. 

It was found that participants with higher IQ scores and minimal associated 

motor control problems successfully used a standard 386SX with a mouse. (Success 

was defined as the ability to manipulate the cursor and icons to achieve the goals of 

the software game.) Those with motor control problems and those with lower 

functional abilities successfully used the computer when it was fitted with a 

touchscreen. 

The major finding was that, with this experimental group, the computer is 

most effectively used to create a shared context to promote nonthreatening human- 

to-human interaction. Participants did not want to sit alone in front of the screen 

communicating with cyberspace. They wanted friends to help play the games. If 
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used as a teaching tool, the value of an application appears to be its role in 

promoting interaction between participant and counselor, with the computer serving 

as a facilitation medium. 

Most user interface guidelines developed from this study follow good screen 

design principles well understood by human-computer interaction practitioners: 

uncluttered screens, grouping of elements, clearly defined navigational paths through 

screens, use of expected real-world analogy, elimination of sudden startling screen 

changes, and icon spacing appropriate to the application as tested by potential users 

of the application. 

The study had two unanticipated findings. The first was that participants 

preferred the more complex drag-drop paradigm to selecting options with a click. 

This confirms the finding of Horner [43]: A mentally retarded adolescent boy 

preferred a high-energy, low-efficiency program to a low-energy, high-efficiency 

approach. Participants wanted a feeling of control: They wanted to make "something 

happen.” The second was the difficulty encountered with the double-click. When 

using DOS-based applications, the experimental team surmounted the double-click 

problem by teaching participants to use the ENTER key on the keyboard. (A red 

paper dot was affixed to the ENTER key to enable participants to find it easily.) 

Even participants who used the mouse successfully for all other movements resorted 

to the keyboard for icon activation. The prototype addressed the problem 

participants encountered with the Windows desktop paradigm and the double-click 

paradigm by eliminating these elements. Menu bars, multiple windows, and other 

desktop features were not used. Rather, a single screen with minimal text provided 

a simple graphically oriented interface. Instead of using a single click to select an 

icon and a double click to initiate action, the prototype used drag-drop -- initiating 

a drag selected an icon, abandoning a drag operation deselected the icon, and a drag- 
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drop that ended in a designated target area initiated associated actions (e.g., an 

accumulator registered amount bought and decreased dollars available). 

5.2 FUTURE WORK 

It is hoped these initial findings will encourage researchers to design and 

conduct studies with larger groups of mentally disabled adolescents and adults to 

investigate independent and dependent variables that impact computer usability by 

the target population. Such studies would, ideally, involve persons trained in 

developmental disabilities and those who bring an analytical human-computer 

interaction perspective to the task. 

Because of the exploratory nature of this work, the hypothesis was formulated 

at an extremely basic level: Human-computer interface guidelines can be heuristically 

and empirically determined for selection or development of applications that will 

make the computer accessible to mentally retarded adults. The next step should 

consist of a carefully worked out plan with experimental treatment conditions chosen 

to focus on particular human-computer interaction conditions. 

Also because of the exploratory nature of this work, the participant pool 

showed a strong selection bias. The initial question facing the research team was: 

Can people identified as moderately developmentally disabled successfully participate 

in human-computer usability studies? The potential target population, defined as 

residents of group homes sponsored by ACRI, numbered approximately 55 

individuals. Initially, it was suggested that each one be given an opportunity to use 

the computer. However, the head counselor felt that a smaller study that enabled 

participants to gain a potentially useful understanding of a new skill would be in the 

best interest of the selected ACRI residents. It was decided to follow a smaller 

number of participants over a six-month period with the treatment condition defined 
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as instruction in computer use. This decision to use multiple sessions over an 

extended period of time meant that potential participants had to be available for the 

entire test period and willing to participate in a study that extended over several 

months. The requirement for stability immediately eliminated residents with severe 

behavioral problems that might lead to their removal from the group home situation. 

It also led to the selection of participants at the upper end of the ability range who 

had a curiosity about the computer and an interest in doing something new. Follow- 

on work should use a larger participant pool more representative of the total 

developmentally disabled population and a shorter time frame. This would help to 

eliminate the bias inherent in this study. 

The three-phase approach was a repeated-measures design, also called a 

within-subjects design, that incorporated familiarization sessions, multiple chances to 

manipulate the interface, and opportunities to express opinions throughout the 

sessions. As described by Keppel [7] problems with this design center on relatively 

restrictive statistical assumptions and the fact that subjects can change while they are 

receiving the treatment condition. Both problems were encountered. Because of the 

small number of participants, statistical analysis was not useful. Follow-on work 

should attempt to use a population of sufficient size to develop meaningful statistical 

analysis. Also, after six months of computer instruction, participants were completely 

comfortable with the computer, the mouse, and applications chosen with their 

cognitive abilities in mind. The study essentially found that adults with moderate 

developmental disability enjoy and profit from computer lessons. A shorter time 

frame is indicated for a Statistical study focusing purely on human-computer 

interaction factors. 

The head counselor also was concerned about the impact on an individual’s 

self esteem if the study design encouraged randomized success or failure. 
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Fortunately, these concerns dovetailed well with accepted human-computer 

interaction usability testing practice: The computer is being tested, not the user. 

It is also hoped that this study will encourage developers of educational 

applications to consider research into the design of educational applications 

appropriate for this population. Many work in janitorial jobs involving hazardous 

chemicals. Teaching tools are needed to cover safe handling of toxic materials, first 

aid, and similar work-related topics. Food handling safety is another possible area 

for applications development, because many community-based organizations place 

their clients in food service occupations. Commercial training applications that take 

advantage of multi-media and interactive graphical user interfaces could have large 

potential benefits. 

On December 20, 1971, the United National General Assembly adopted a 

"Declaration on the Rights of Mentally Retarded Persons," which states in part: "The 

mentally retarded person has a right to ... perform productive work or to engage in 

any other meaningful occupation to the fullest possible extent of his capabilities." In 

today’s world, productive work often involves computer use. The findings of this 

Study show that the mentally retarded can learn to use the computer and that persons 

with developmental disabilities need not be left by the side of the road as our society 

implements the information highway. 
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APPENDIX A 

MENTAL DISABILITY - BACKGROUND NOTES AND DEFINITION OF TERMS 

The target population for this study was a group of adults classified as moderately 

developmentally disabled. The President’s Committee on Mental Retardation 

estimates the number of persons in the United States diagnosed as mentally retarded 

as about 3% of the population, or approximately 7.5 million individuals. Estimated 

number of persons classified as moderately mentally retarded is about 1% of the 

population, or 2.5 million individuals. An estimate of the number of persons served 

by institutions or residential living programs is 300,000. [16] 

DEFINITION OF TERMS 

Mental retardation is general label that refers to more than 250 conditions, 

all of which have the common effect of significantly reducing an individual’s 

intellectual and adaptive functioning. Mental retardation may follow or be associated 

with an infection (e.g., rubella or syphilis), maternal alcohol or drug dependency, 

birth trauma, post-natal injury, metabolism disorders, chromosomal abnormalities 

(e.g., Down’s Syndrome), premature birth, or environmental factors (e.g., lead 

poisoning). In many cases, no specific cause can be determined. Levels of mental 

retardation vary from extreme impairment that renders a person virtually helpless to 

relatively minor impairment. The traditional classification scheme was based on the 

Stanford-Binet I.Q. test, as follows: 

Stanford-Binet LO Score 

Mild retardation 68-52 

Moderate retardation 51-36 

Severe retardation 35-20 
Profound retardation Below 20 
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Developmental disability is a more comprehensive diagnostic term that 

considers both the I.Q. score and the person’s ability to function in the environment. 

The reliance on I.Q. scores alone came under fire as part of the Civil Rights 

movement of the 1960’s and 1970’s when activists pointed out that a disproportionate 

number of black children were identified as "mentally retarded." A similar bias was 

shown against children who spoke a language other than English at home. In 

response, the AAMD developed a comprehensive evaluation procedure that covers 

a person’s ability to function in the following areas of major life activity: self-care, 

receptive and expressive language, learning and retention ability, self direction, 

capacity for independent living, and capacity for economic sufficiency. To be 

classified as developmentally disabled, a person must show significant inability to 

function in three of these areas. All of the participants in this study have been 

professionally diagnosed as developmentally disabled. Teaching basic life activities 

is a major goal of the group home counselors. 

Moderately developmentally disabled adults are defined as persons over the 

age of 18 who have scores of approximately 36-67 on the Stanford Binet and Cattell 

test or 40-69 on the Wechsler Adult Intelligence Scale. 

A second definition is persons over the age of 18 who have scores between 1 

and 2 standard deviations below the mean on one of the recognized general 

intelligence tests and who also show deficits in adaptive behavior as defined by one 
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of the recognized diagnostic standards (e.g., The Diagnostic and Statistical Manual 

of Mental Disorders, of the American Association on Mental Deficiency [AAMD)). 

To be diagnosed as developmentally disabled, persons should also show 

significant impairment in adaptive behavior in at least three of the AAMD major life 

activities. The evaluation of an individual’s adaptive behavior should be made by a 

professional who has received appropriate training, including an internship, in 

recognized diagnostic techniques. 

RATIONALE FOR FOCUS ON THE MODERATELY RETARDED 

The literature search found that the educational community has traditionally 

focused on the “educable mentally retarded (EMR)," persons whose I.Q. levels are 

less than one standard deviation below the threshold defined as "normal." Until the 

early 1970’s, children falling below the EMR threshold (generally defined as an 

Intelligence Quotient score of 52 or below on the Stanford-Binet IQ. test) were 

institutionalized. 

Beginning in 1970, advocates for the mentally retarded initiated a series of 

court cases that led eventually to the 1974 amendments to the Education of the 

Handicapped Act. These activists were joined by groups representing Afro- 

Americans, advocates for the physically handicapped, and educators. Work by these 

groups confirmed that many of the children diagnosed as "retarded" actually 

functioned at a "normal" level in their environment and that the standardized tests 
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showed cultural bias and also could not be completed successfully by persons with 

normal intelligence but severe motor disabilities. 

These groups initiated efforts to more precisely define mental retardation or 

developmental disability and to provide appropriate education for those so identified. 

The 1974 amendments to the Education of the Handicapped Act specified that "... 

procedures to ensure the testing and evaluation materials and procedures utilized for 

the purposes of classification and placement of handicapped children will be selected 

and administered so as not to be racially or culturally discriminatory." 

The amendments mandated appropriate education for all children, regardless 

of developmental disability. They also set up guidelines for assessment of an 

individual’s developmental potential that considered adaptive behavior in addition 

to the I.Q. score. The two decades since have seen uneven progress in the provision 

of appropriate education for children identified as "moderately" or "severely" mentally 

retarded. Lack of money and lack of trained personnel are generally cited as the 

major reasons for gaps in service. ‘ 

Because school systems usually, by law, end their involvement with a young 

person at age 18 or at high school graduation, the needs of the developmentally 

disabled adult have not been addressed by the educational community. Rather, it is 

social workers who set up and provide instruction through adult training residences, 

group homes, independent living apartments, and a variety of other community-based 

settings. The goal of these efforts are to help the developmentally handicapped 
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improve their ability to cope with their environment and become as economically 

productive as possible. 

Review of the literature found that in the late 1970’s, a profound change in 

attitude occurred among educators and social workers working with the mentally 

handicapped. Books and articles no longer referred to the developmentally disabled 

as "patients." Rather, the focus shifted to educational requirements, the identification 

of specific learning difficulties associated with different developmental problems, and 

techniques for working with the mentally handicapped. The tone was definitely more 

hopeful. However, as noted above, the focus was still on the EMR child, fewer 

authors still addressed the learning potential of the moderately developmentally 

disabled child and almost none have considered the need for continued learning in 

the adult. 

EDUCATIONAL NEEDS OF TARGET POPULATION 

Adults with moderate developmental disabilities have unique needs. Because 

they are adults, they need instruction that will help them master the skills needed for 

independent living or supervised independent living. Yet, because they are "slow 

learners," the teaching must be repeated many, many times in a consistent, patient 

manner. Educators generally agree that information for adolescents diagnosed as 

learning disabled must have adult content but must be presented at an early 

elementary level (so-called "high interest, low-ability" materials). 
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Social workers interviewed for this project agreed that the same guidelines 

apply to developmentally disabled adults. Materials perceived as "too babyish" are 

rejected. Favorite television programs include sports, news, true story dramatizations 

(such as "Rescue 911"), and situation comedies with an easily followed plot line. 

Because they go to work every day, either in a commercial establishment or in a 

sheltered occupational workshop, they need to have adult skills -- dressing 

appropriately for work, paying attention to personal hygiene, acting in an appropriate 

manner with other adults and with children, handling money. 

DESCRIPTION OF THE RESEARCH PARTICIPANTS 

The participants in this study are residents of group homes sponsored by 

Arlington Community Residences, Inc. (ACRI). All are over the age of 18 and fall 

within the definition of moderately developmentally retarded. Many of the younger 

clients have received special educational attention and, generally, function at a higher 

level than the older residents, especially the older residents who have spent most of 

their lives in an institution. As a population, they show the range of behaviors and 

learning skills 

PREVIOUS COMPUTER-RELATED EXPERIENCES 

Preliminary research for this study found that some attempts were being made 

to use "assistive keyboard" computerized education with the study participants. This 
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technique pairs the handicapped person with a teacher or mentor who guides the 

hands until the student learns to use the keyboard. Some experiments use a standard 

computer keyboard. Others use icons that symbolize basic ideas. Assistive keyboard 

techniques have been extremely successful with autistic children and persons with 

neuromuscular disorders. However, the counselors of ACRI felt it had not been 

successful with their clients because, without the mentor guiding the hands, they 

could not successfully use the keyboard. 
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APPENDIX B - PROFILES OF STUDY PARTICIPANTS 

Participant #1 is a 32-year-old male who is moderately mentally retarded and has 

Down’s Syndrome. He has a very severe speech impairment. He attended Yorktown 

High School (Arlington VA) Special Education Program. He now works at the 

Arlington County Property Yard washing cars. He likes his job and takes pride in 

it. He is a cheerful person who likes to listen to country music, tv, and going to 

church. He has been an acolyte in his church for a number of years. 

Participant #2 is a 65-year-old female with mild mental retardation. She requires 

little supervision because of her high skill functioning. She lived with her family until 

1962. Upon the death of both parents, she alternated between living with her sister 

in Arlington and living at the Commonwealth Vocational Training Center in 

Lynchburg VA. When the ACRI program began in 1986, she moved to the group 

home. She frequently spends week-ends with her sister. 

Participant #3 is a single 41-year-old male who has Down’s Syndrome. Psychological 

testing has placed him in the mild to moderate range of mental retardation. He 

attended the Kelso School special education program. He now works as a document 

prepper, preparing documents to be microfilmed. Tasks include removing staples, 

mending torn documents, mounting small documents on to letter-size paper to 

prevent loss, and maintaining numeric order. He has some problems articulating and 

his speech can be blurred. He enunciates a few words well, others are at least 

distinguishable. He does not have any observed motor skill difficulties. He has good 

basic living skills. His deficits lie in the area of more complex living skills such as 
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money management, public transportation and cooking skills. Currently he is 

working on menu planning, grocery shopping, meal preparation, and self- 

administration of his medicine. 

Participant #4 is a 31-year-old female who is moderately mentally retarded. She has 

a speech impairment and her academic skills are limited. At this time she is working 

on the numbers 10 through 30. She attended the Arlington County Special 

Education program at Jackson School. Now she works at the Long John Silvers 

restaurant in a Northern Virginia shopping mall. She cleans the floor; wipes off 

tables, chairs, and counters; and empties trash cans. She likes to watch tv, listen to 

soul music, and do weekend activities of all kinds. 

Participant #5 is a 50-year-old female with mild cerebral palsy. She has difficulty 

speaking requires extensive supervision due to low skill functioning. She works in a 

sheltered occupational center, where she enjoys weaving placemats and simple tote 

bags that are sold at the Arlington County Fair and other community events. She 

receives the money, which she usually spends on candy and snack items. She is one 

of the participants for whom the "Getting Dressed” game was designed. 

Participant #6 is a 38-year-old woman with Down’s syndrome, a hearing impairment, 

and obsessive compulsive disorder. She was placed in an institution at the age of 3 

months and continued to live in institutional settings until moving into an ACRI 

group home in 1989. In spite of her physical and mental challenges, she is spirited 

and independent. She works on a cleaning crew at the Arlington Water Treatment 

plant and frequently initiates cleaning project in the group home. She enjoys 

dancing, athletics, drawing, and television. 
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Participant #7 is a 28-year-old man diagnosed with Down’s Syndrome and mile to 

moderate mental retardation. He uses a hearing aid in his left ear. He attended 

special education classes at the George Mason Center and high school special 

education classes at Stonewall Jackson School, both in Arlington VA. He has had 

jobs as a dishwasher and has worked at the Woodmont Sheltered Workshop. He 

currently works at the Arlington County Property Yard washing county vehicles. He 

enjoys his job and is proud of the fact that he keeps the police cars spotless. 

Participant #8 is a 23-year-old man diagnosed with mild mental retardation. From 

the age of 10-21 years, he received special academic and vocational training at W.R. 

Croman in Troy PA. Through the school he worked as a dishwasher and at a nursing 

home in a laundry. He currently works in the Arlington County Property Yard 

washing county vehicles. 

Participant #9 is a 73-year-old female with moderate mental retardation. She lived 

in institutional settings for 55 years before moving to an ACRI group home in 1988. 

She participated enthusiastically in Phase I testing, but did not wish to participate in 

Phases IT and III. 
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APPENDIX C - TEST MATERIALS 

The following pages present the test instructions and data collection sheets for 

the three Phases of this study. 
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PHASE I - Page 1 of 3 

TEST INSTRUCTION SHEET 

The test setup will consist of a Dell computer running Windows 3.x and the test game 
named Shapes and Colors. The Dell monitor will be used to test the mouse and the light 
pen. After the mouse and light pen are tested by all subjects, the experimenter will replace 
the Dell monitor with the Samsung monitor fitted with the touchscreen. The following test 
scenario will be followed for each device. 

The experimenter will open the test game and demonstrate moving the shapes from the 
bottom of the screen to the outline at the top. The person will be given a chance to become 
familiar with both the mouse and the light pen before the testing begins. Then the 
touchscreen is installed. The game will again be opened and the person given a chance to 
become familiar with the use of the screen before timing begins. 

~~ - 

Single click and double click test: 

Experimenter will show person picture of Shapes and Colors game on Windows screen and 
explain that one click will choose the game and two clicks will open the game so it can be 
played. Experimenter will also demonstrate that pressing the key with the red dot (the enter 
key) will open the game. Experimenter will demonstrate then ask the person to try. 

Cursor control test: 

Experimenter will show person how to select shapes game from icon-based menu by 
positioning cursor on picture, dragging cursor to the right, then dragging down to the chosen 
game shape. Experimenter will acknowledge that this may be hard. Then will ask person 
to try it. 

Cursor control and drag and drop test: 

Experimenter will open test game (if it was not opened successfully during the cursor control 
test) and ask the person to test the ability of the device to move the shapes. The observer 
will begin to record the time required to complete the picture when the person begins to 
manipulate the device purposefully. If frustration occurs, the test will stop and another 
device substituted or a timeout declared. All problems will be blamed on the input device. 

After all devices are tested, the person will be asked: 

Which was the most fun to use? What did you like or not like about any of them? 

The observer will record the comments. 
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PHASE I - Page 2 of 3 

INPUT DEVICE EVALUATION SHEET 

PERSON #: 

Device: 
  

Test of single click/double click activation: 

Successfully selected game from Windows menu? 

Successfully opened game with double click? 
With enter key? 

Test of cursor control: 

Successfully selected chosen shape from game menu? 

Test of cursor control and drag and drop: 

Ability to position cursor on cards 
Low Medium High 

Ability to drag card to correct position on outline 
Low Medium High 

Time to complete game (either win or no more moves) 

If picture not played, game time from lower right screen 
Reason for stopping: 

Observations of use of device: 
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PHASE I - Page 3 of 3 

TOTAL TEST EVALUATION FORM 

Date: 

Any unusual circumstances surrounding test 

Responses to: 

"Which was most fun" 

Person #1 

Person #2 

Person #3 

Person #4 

"What did you like or not like about any of them?" 
(Record comments in person’s own words, if possible) 
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PHASE II - Page 1 of 4 

TEST INSTRUCTIONS 

INPUT DEVICE USABILITY TESTING - September 11, 15, and 18 

DEVICES TESTED: Logicon PC bus mouse, Kensington Power Mouse (trackball), and 
MicroTouch touchscreen. 

SUBJECTS: Each session will have three subjects who are residents of group homes for 
mentally retarded adults. Their IQ levels and social skills levels will range from the upper 
end of the moderately retarded classification to borderline severely retarded. 

SOFTWARE: The solitaire game provided with Microsoft Windows 3.1, which was used 
successfully during the pilot testing. Because the concept of putting a red card on a black 
card in descending numerical order and putting cards of one suite on an ace in ascending 
numerical order is complex, the volunteer will assist by pointing out allowed game moves 
("Oh, the red 7 can go on that black 8." etc.) 

TEST PROCEDURE: 

Three people will administer the tests: a volunteer who is known and trusted by the 
participant; the test administrator, who will be responsible for test setup, timing and 
recording test results; and a counselor from the group homes who will observe body 
language and emotional reactions to the tested devices. 

The devices will be presented in rotating order to offset two environmental factors that 
surfaced during the pilot testing: fatigue, which occurred at the end of testing, and 
discomfort with a new situation, which affected the first device presented. The test schedule 
shows the randomized presentation order for the three devices. 

The volunteer will ensure that the subject is seated comfortably and that there is no glare 
on the screen. The test software will be displayed in the "New Game" position. The 
volunteer will demonstrate the first device, following the order on the test schedule. He will 

say tell me when you feel comfortable with this or tell me when you think you have the hang 
of this. If necessary, he will guide the subject's hand until the subject understands the type 
of movement necessary to control the cursor. When the subject indicates that he/she feels 
comfortable with the device, the volunteer will no longer assist in use of the device. The 
timer will count the number of movements made during this learning period as follows: 

1. The volunteer will demonstrate, then state "Now you try it. I will help you, if you 
want." If the subject begins to use the device, the timer will begin counting movements. If 
the subject is obviously not yet ready, the volunteer will demonstrate again and the counting 
will go back to zero and the source of difficulty will be noted. The number of repetitions 
before the subject is ready to try to learn to use the device will be recorded. 
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2. If after three tries the subject is not capable of manipulating the device, the next 
device will be presented. Throughout the testing the focus will be positive and all failures 
will be blamed on the equipment, not the person. 

3. If the subject attempts to learn the device, the number of movements made before 
the subject feels "ready" or "has the hang of it” will be recorded. 

4. When the subject indicates that he/she is ready to use the device alone, the 
timer will use a stopwatch to record the time required to perform 5 drag and drop 
movements. The pilot testing showed that click motions were difficult to observe and 
occurred within a fraction of a second, making them difficult to time. The drag and drop 
movements, on the other hand, generally took 4-6 seconds and provided a good indication 
of the subject's ability to control the cursor. Each drag and drop incident will be timed 
separately. Averaging and other analysis will be conducted outside of test sessions. 

5. At the conclusion of the testing, the subject will be asked which device he or 
she "liked best." The volunteer and the counselor will elicit informal comments on positive 
and negative aspects of the device. The tester will record an comments on the back of the 
test sheet. 
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TEST SCHEDULE - ACRI SUBJECTS 

INPUT DEVICE USABILITY TESTS: 

Date Device Presentation Order 
Sept. 11, 1993 

#1 Mouse, Trackball, Touchscreen 
#2 Touchscreen, Mouse, Trackball 

#3 Trackball, Touchscreen, Mouse 

Sept. 15, 1993 

#1 Touchscreen, Mouse, Trackball 
#2 Trackball, Touchscreen, Mouse 
#3 Mouse, Trackball, Touchscreen 

Sept. 18, 1993 

#1 Trackball, Touchscreen, Mouse 
#2 Mouse, Trackball, Touchscreen 
#3 Touchscreen, Mouse, Trackball 

SOFTWARE PROTOTYPE TESTING: 

5 subjects in early October - 1 or 2 sessions 
Modification of prototype to eliminate problems/incorporate suggestions 
5 subjects retest by end October 
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DATE: 

SUBJECT #: 

MOUSE ORDER IN WHICH PRESENTED: 

Number of movements before subject "felt comfortable" 

Time required to make 5 drag-and-drop movements 
  

Difficulties encountered: 

Positive comments/actions: 

  

TRACKBALL ORDER IN WHICH PRESENTED: 

Number of movements before subject "felt comfortable" 

Time required to make 5 drag-and-drop movements 
  

Difficulties encountered: 

Positive comments /actions: 

  

TOUCHSCREEN ORDER IN WHICH PRESENTED: 

Number of movements before subject "felt comfortable" 

  

Time required to make 5 drag-and-drop movements 

Difficulties encountered: 

Positive comments /actions: 
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TEST INSTRUCTIONS 

Experimenter will demonstrate using the menu to access either the money game or the 

"getting dressed" game. Experimenter will suggest starting with "Getting Dressed" game 
because movements are simple and can serve as “warm up." 

The participant will be given an opportunity to play the game with assistance. When 
participants feels ready to do it without help, the experimenter will go back to menu and 
say “let’s see you do this." Observer will record time required before participant feels 
comfortable with game. 

The observer will observe the following actions: 

ENTRY: 
Time required to locate and use menu icon. 

NAVIGATION: 
Time required to move clothing items to outline of man. Time required to move clothing 
to laundry hamper. Time at least three movements and record destination. 

ERROR CORRECTION: 
Reaction when “dirty” item will not go on man. Note if participant relates smiling face to 
appropriate choices and sad face to inappropriate choices. 

CLOSURE: 
Number of icons moved before deciding that man is "dressed." (Icons can be moved on and 
off allowing a minimum of 2 for pants and top to a maximum of 9 moves without repeating 
items. With repeated movements, the only limit is number of items in laundry, which 
removes item from game.) 

When participant announces that man is “dressed,” observer will suggest going to a game 
that will let you go shopping. Observer will indicate menu line and ask which option would 
take the screen to a new game. Choices are EXIT, NEW GAME and ??HELP??. Both 
EXIT leaves program and NEW GAME will return to Main Menu. Record response. 

If EXIT chosen, observer will get back to game and observe: 

ABILITY TO USE PULL-DOWN MENU: 
Will indicate "HOW TO PLAY" menu option. Suggest seeing what option says. Record 
ability to pull down so observer can read instructions. 
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Observer will then demonstrate "Shopping" game. Will show that one click will buy one of 
the item. Multiple items can be bought by clicking once for each unit. Show what happens 
when $12 limit exceeded. Ask how one might "unbuy” an item. Record recognition of word 
PUT BACK. If not immediately recognized, point out PUT BACK buttons (one for each 
item). Demonstrate moving to second screen and “paying” for item. Let user become 
familiar with game. Record amount of time required to become comfortable with each 
screen. 

When user comfortable, go back to main menu and record the following: 

ENTRY: 
Time required to locate and use menu icon. 

NAVIGATION: 
Screen #1 - ability to select items, use PUT BACK button if necessary. Screen #2 - Ability 
to move icons around the screen - difficulties caused by the screen design. 
Ability to navigate between two screens. Record time required to drag-drop money icons 
(at least five readings). 

ERROR CORRECTION: 
Time required to find and use PUT BACK button on money game. 

CLOSURE: 
Record number of items chosen in money game. If participant shows signs of fatigue if 
total near top of limit and must move more than 10 icons to reach appropriate PAID 
amount, record point at which help was required. (NOTE: $1 bills used to emphasize true 
cost of items. Conversations with both early elementary school teachers and the counselors 
indicated that one piece of paper equals one unit of money, regardless of the denomination 
of bill, that the concept of $1, $5, $10 etc. is fairly advanced. Introduction of a $5 may be 
a suggested enhancement.) 

EXIT: 
Time required to choose NEW GAME or EXIT. 

Ask for suggestions for improving game. 
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The test session is designed to examine the following: 

ENTRY: Ability of subject to select one of the games from the menu without aid 

NAVIGATION: Ability to select desired icons without aid 

ERROR CORRECTION: Ability to use PUT BACK button 

CLOSURE: Number of moves users chose to make before completing action. (User may 
quit at any time. No predetermined completion sequence is required.) 

EXIT: Ability to restart, go to new game, or quit 

Following the test session, the games will be left in the house for two weeks. At the end of that 
time the counselors will be asked their opinion of the usability of the prototype, whether or not it 
was enjoyed by the users, and whether there had been improvement in either handling money or 
selecting clothes. 
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TEST SHEET ACRI PROTOTYPE TESTING 
SHEET 1 - GETTING DRESSED GAME 

Date 

Participant # 

Number of garments moved on and off figure before subject feit "ready." 

Participant comments/reactions during warm-up session. 

ENTRY: Time required to select "getting dressed” from menu. 

NAVIGATION: Time required to move icon to man or laundry hamper. 
Item #1 
Item #2 
Item #3 

Number of times assistance required and type of assistance required on part of demonstrator. 

ERROR CORRECTION: Reaction when dirty shirt would not go on man. 

CLOSURE: Number of items moved before decide man is "dressed" or game over. 

t 

Response to question, what do you think would make this game more fun? 

Menu item chosen when researcher suggests going to new game 

Comments: 
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SHEET 2 - SHOPPING GAME 

DATE: 

PARTICIPANT # 

Reaction to pull down menu. Reaction when offered chance to manipulate it. 

Reaction to first screen. Time required to move cursor to item and click on item. 

Number of times assistance required and type of assistance required. 

Number of items selected to "buy" 

Reaction to "NOT ENOUGH MONEY" message. 

Time required to select PRESS TO PAY button. 

Time required to select and drag money icons. 
Icon #1 
Icon #2 
Icon #3 

Time required to select EXIT 

Comments: 
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VITAE 

GRETCHEN L. ROBERTSON 

Gretchen L. Robertson is an M.I.S. candidate at the Telestar campus of 

Virginia Polytechnic Institute & State University. She has a B.S. and an M.S. from 

Northwestern University, Evanston Illinois, with majors in social psychology and 

technical writing, a joint program of the School of Journalism and the science 

departments of the School of Liberal Arts. 

She entered the computer science field in the 1970s when George Washington 

University hired writers and editors with an understanding of indexing to develop 

search taxonomies for databases using the IBM IMS database product. She 

completed the U.S.” Department of Agriculture certificate in Computerized 

Information Storage and Retrieval and, while employed by various contractors, 

developed data dictionaries and database schemas for both civilian and military 

agencies. She has more than 23 years experience in the area of database 

development, systems design, and business process reengineering to incorporate 

technology change. 

She has completed numerous training courses in relational database 

technology, database management, information engineering, and CASE tool use. To 

increase her technical understanding, she completed an A.S. in Computer Science at 

Northern Virginia Community College Magna Cum Laude. 

Her interest in handicapped accessibility began when a room mother for an 

elementary school that placed handicapped children in regular classroom settings. 

She volunteered to help identify and acquire assistive technologies for students who 

were blind and who had motor control difficulties. For seven years she has been a 

volunteer for the ACRI program, the site of this study. 
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