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The Research Basis for IntelliTools Products                                                                
15 Years of Research behind IntelliTools® Classroom Suite, Overlay Maker®, and 
IntelliKeys® USB  
 

 
The evolution of the IntelliTools product line is the result of continuous customer feedback as 
well as rigorous research. Over the more than 25 years of its history, the company has been the 
recipient of government sponsored grants geared to creating software and hardware solutions to 
increase access to curriculum for students with learning challenges. Innovations pioneered in 
each research project play important roles in the current versions of IntelliKeys and IntelliTools 
Classroom Suite. 
 

 
It Started with IntelliKeys  
 
IntelliKeys is a keyboard with a changing face, specifically and intentionally designed to meet 
the needs of students with physical disabilities. It is a customizable, flat, touch-sensitive device. 
Unlike standard keyboards with a fixed set of keys, users can easily change the configuration of 
the keyboard by sliding different overlays onto the touch-sensitive area. IntelliKeys comes with a 
standard set of six overlays. The software program, Overlay Maker, enables users to design their 
own overlays to work with specific software programs or to meet the needs of individual 
students.   
 
Professional collaboration with researchers and top designers influenced the initial development 
of IntelliKeys. Inventor Arjan Khalsa conducted a two-year series of interviews and 
investigations with leading assistive technology researchers and experts to build a vision of the 
“ultimate input device for people with disabilities.”  Experts from academia, rehabilitation, 
government, and industry sectors all played roles in defining the new invention.  
 
In the late 1980s, when IntelliKeys was first being conceived, the Trace Center at the University 
of Wisconsin, under the leadership of Dr. Greg Vanderheiden, published a set of research-based 
specifications on the user interface settings for people with physical disabilities. These settings, 
along with related government requirements found today in Section 508 of the Rehabilitation 
Act, played a profound role in creating the settings that are still present in the IntelliKeys Setup 
Overlay and the IntelliKeys Control Panel.  
 
The appearance of the keyboard was strongly influenced by Milo Street, an assistive technology 
inventor famous for the “Echo Speech Synthesizer.”  Early software interactions were steered by 
software developers who led the creation of Where in the World is Carmen Sandiego and The 
Print Shop. With its roots in collaboration and research, IntelliKeys was immediately greeted 
with high accolades when introduced in 1992. The first formal research funds came from the 
National Science Foundation as the product was being introduced. 
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Research Project #1  
Overlays for Math and Science 
Funding Source The National Science Foundation 
Time Frame 1991 - 1994 
Purpose  To explore ways IntelliKeys and Overlay Maker can provide greater 

access to math and science software for students with physical or learning 
disabilities  
 

Par tners  The Full Option Science System (FOSS) team at the Lawrence Hall of 
Science, at the University of California at Berkeley, provided advice on 
science education for students with disabilities. 
 
Key Curriculum Press in Berkeley, CA, provided advice about 
appropriate math pedagogy and access to its Geometer’s SketchPad® 
software. 
 

Edmark, Inc. and its development group, Joyce Haakenson and 
Associates, provided access to its software programs and advice on 
making them more accessible. 
 
Broderbund Software, Inc. and Living Books, Inc. provided partnership in 
working with their Living Books software. 
 

The Disabled Children’s Computer Group (now known as the Center for 
Accessible Technology) in Berkeley, CA, served as the primary testing 
site and provided invaluable feedback. 
 

Methodology Researchers worked with students to develop vehicles for participating in 
math and science education. Primary tools employed were IntelliKeys, 
Overlay Maker, IntelliTalk, and a variety of software programs including 
Millie’s Math House®, and Thinkin’  Things®. In order to access these 
programs with assistive devices, IntelliTools developed ClickIt!. 
 
Students were observed and evaluated while working with the 
innovations. Observation techniques included direct observation, video 
tape, and computer software tracking of specific keystrokes and switch 
hits. The research team sought to minimize the time and effort required to 
elicit specific learning behaviors. 
 

Results This research led to an enduring understanding about overlay design for 
people with physical, cognitive, and visual disabilities. By systematically 
assessing different overlay features, IntelliTools was able to determine 
optimal key size, location, and effective color combinations, as well as to 
resolve various labeling and tracking issues. See the figure and 
descriptions that follow this summary. 
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IntelliTools’  efforts to design fully accessible overlays led to the 
development of Click It! – a software program that adds keyboard 
accessible hot spots and switch accessible scanning (the ability of the 
cursor to automatically move to various key locations on screen) to 
existing commercial software. Click It! represented a significant 
breakthrough because it allowed students with limited motor skills to 
control mouse-driven software with IntelliKeys or a switch. This access 
was designed to be transparent to the user and fully compatible with 
simultaneous use of the regular keyboard and mouse. 
 

Educational 
Outcomes 

At the time of the grant, students with physical disabilities had limited 
ways of learning through the use of software or demonstrating their 
knowledge. The Instant Access Overlays created for the project, which 
later became a successful IntelliTools product line, were one of the first 
vehicles to connect students with disabilities to commercial software and 
show that students with disabilities were able to learn math and science 
using software and proper assistive technology. The project served as an 
eye-opener for many educators and raised the bar for students with 
disabilities. This project was one of the first true Universal Design 
projects in educational technology. 
 

Effect on Today’s 
Products 

IntelliTools Classroom Suite incorporates the essential capabilities of 
ClickIt! that arose from research. It automatically supports seamless, 
simultaneous use of the regular keyboard, mouse, IntelliKeys, switches, 
and other assistive devices.  
 
IntelliKeys provides true universal access. It acts as a keyboard and a 
mouse (this mouse capability was added long after the research yet was 
based upon that original work).  
 
Overlay Maker has built-in settings to maximize overlay accessibility. Its 
capabilities steer the teacher toward creating accessible designs. The 
sample overlays that come with the software model the attributes that 
resulted from the research. 
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Analysis of an Overlay: What Research Has Revealed 
 
 

  
 
Results from overlay research conducted by IntelliTools in the early 1990s to maximize overlay 
effectiveness for students with physical, visual, and cognitive disabilities include: 
 

·  Target: This is the area a student actually touches to activate the overlay. The target 
must have a color that distinguishes it from the background. 

 
·  Icons: Icons are the visual indicators for many words and commands like Speak Text, 

Stop Speaking, Erase a Word, and Save. Icons must be clear, consistent, and intuitive 
for both the student and the instructor. 

 
·  Label: Sometimes a key label is an icon. At other times, it is a word or picture. In all 

cases, the label must be visually clear. Black on a mustard yellow background was 
proven through our research to maximize foreground/background discrimination for 
many visually impaired people. Tactile indicators can be employed by blind users. 

 
·  Background: The background color and/or pattern must provide a useful surface for 

visual contrast while minimizing eye movement and “vibration.”  
 

·  Functional Grouping: Overlays can contain background fields that define groupings 
of like keys. 
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·  Key Size: Generally, the larger the key, the better. An exception is for blind users. 

Braille keys are often best located in close proximity with very small key targets. 
 

·  Key Location: Students with physical disabilities will vary in what portions of 
IntelliKeys are most easily accessible. Keys that will be used most frequently should 
be located in the most accessible portion of the keyboard. 

 
·  Key Separation: Generally, the larger space between the keys, the better. An 

exception is for blind users. Braille keys are often best located in very close proximity 
with small key targets. 

 
 
Accessible Language Arts Software Lays Foundation  
for IntelliTools Classroom Suite 
 

In the mid-1990s, the national education community became heavily engaged in researching the 
most effective ways to teach children how to read. IntelliTools sought to address efforts 
specifically at students with physical, visual, and cognitive disabilities.  Reid Lyon, Director of 
the National Institute of Child Health and Human Services, a leader of the National Reading 
Panel and Reading First process, encouraged IntelliTools to apply for a development grant to 
create its own accessible literacy software.  
 
 

Research Project #2  
Language Arts for Students with Significant Disabilities 
Funding Source The National Institute of Child Health and Human Development 
Time Frame 1996 - 2000 
Purpose  To promote literacy development in students with significant disabilities 

in grades K – 2 
 

Phases I  &  I I  IntelliTools set out to identify critical literacy skills as well as effective 
teaching strategies aligned with current research. Based on these criteria, a 
series of prototype activities were developed and tested. The success of 
this preliminary study encouraged IntelliTools to seek additional funds to 
develop and evaluate a commercial-style literacy software program. 
 

Par tners  Phase I research partner: Dr. Mary Male, Professor of Special Education, 
San Jose State University  
 
Phase II research partners: Dr. Karen Erickson, Director, Center of 
Literacy and Disability Studies at the University of New Hampshire and 
the University of North Carolina, Chapel Hill was the lead researcher. 
 
Richard Howell, Ph.D., and Joe Wheaton, Ph.D., from Ohio State 
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University, provided research leadership. 
 
Product authorship: Much of the product development on IntelliTools 
Reading: Balanced Literacy was accomplished by Alison Jarred and 
Nadja Roelefs of Hands-On Concepts in Perth, Australia. The Straight-
Line Editorial Group, a national supplier of reading and writing content 
for basal textbook publishers, provided the skills syllabus for the product. 
Other content advisors included Caroline Musselwhite, Linda Burkhart, 
and Pati King-DeBaun – nationally known disability and literacy 
specialists. Dr. Patricia Cunningham, well-known author and professor at 
Wake Forest College, North Carolina, helped to structure the components 
of what was to become the IntelliTools Reading: Balanced Literacy 
program and served as one of its reviewers.  
 

Methodology During Phase I, a series of literacy and writing templates were developed 
using IntelliTalk and IntelliPics with corresponding overlays made with 
Overlay Maker. These were tested in various classroom locations 
supervised by Dr. Male to determine their effectiveness.  
 
During Phase II, a team of educators, writers, and graphic artists set to 
work creating the Balanced Literacy software program.  
 

At its completion, the program was formally evaluated under the 
supervision of Dr. Karen Erickson. This study was conducted in a quasi-
scientific mode using experimental and criterion subjects. The 
experimental group was made up of 32 first-grade students who were 
identified as falling significantly behind their peers in reading. The 
criterion group was made up of students from the same classes who were 
considered developmentally normal. Both groups received the same 
classroom instruction. In addition, students in the experimental group 
used the Balanced Literacy program for 30 minutes a day for 16 weeks.  
 

Results Mean scores on the pre-test showed the criterion group performing 
significantly above students in the experimental group in all categories. 
 

Mean scores on the post-test showed that students in the experimental 
group almost equaled the performance of the criterion group in all skill 
areas. What is striking is that the mean scores of the experimental group 
improved by 50% to 100% in just 16 weeks. A copy of this study is 
available at www.IntelliTools.com. 
 

Educational 
Outcomes 

Research findings showed that systematic early intervention in 
conjunction with regular classroom instruction enabled low performing 
students to keep pace with their peers. Also, the inclusion in IntelliTools 
Classroom Suite of a wide number of activity templates developed under 
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the grant allow teachers to more easily modify activities simply by 
changing text or substituting graphics. 
  

Effect on Today’s 
Products 

IntelliTools Classroom Suite includes over 20 sample activities 
specifically developed in these Phase I and Phase II projects. Sample titles 
include: 

·  Early Learning 
·  Easy Writing  
·  Make a Book  
·  Phonics Sort 
·  Sequencing  
·  Word Banks  
·  I Can Write 

 
IntelliTools’  ReadyMade® Curriculum Activities and Story Kits all stem 
from the research: 

·  Primary Literacy Curriculum Activities 
·  Primary Writing Curriculum Activities 
·  Animal Habitats Story Kit 
·  Five Cuddly Teddies Story Kit 
·  Colorful Caterpillar Story Kit 

 
 

 
Sample Activities Developed Under Research                                                                   
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Phonics Sort in IntelliTools Classroom Suite: students organize words based upon their endings. 

 
 
Explore Sounds in Colorful Caterpillar:  students find words that match a phonemic pattern. 
 
 

 
 
Easy Writing in IntelliTools Classroom Suite: students use an error-free writing stimulus to 
promote writing fluency and “ voice.”  
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Accessible Math Software Lays Foundation for IntelliMathics 
Third Member of IntelliTools Classroom Suite 
 

In the mid 1990s, IntelliTools sought to open new horizons in math education for students with 
significant disabilities and those struggling in elementary and middle school math. With 
encouragement from the National Science Foundation (NSF), IntelliTools submitted and 
received a second NSF-funded research and development grant. A major focus of this grant was 
to create software that would help students develop mathematical concepts by using virtual 
manipulatives. These would be uniquely important to students unable to handle physical 
manipulatives. 
 
 

Research Project #3  
Math for Students with Significant Disabilities 
Funding Source The National Science Foundation 
Time Frame 1998 - 2001 
Purpose  1) To help students develop mathematical concepts by using virtual 

manipulatives 
2) To affect change in teacher attitudes toward math education for 
students with significant disabilities 
 

Mater ials 
Development 
Funding 

The National Science Foundation showed great respect for IntelliTools’  
research and development capabilities by awarding a “Materials 
Development”  grant for this work. This type of funding is based upon the 
premise that the proposed innovation is necessary, and the developer 
(IntelliTools) is presumed capable of creating a top-quality solution. 
Therefore, funding was not subject to a Phase I feasibility and approval 
process. 
 

Par tners  Product authorship: Much of the original work on IntelliMathics was 
designed by Ann-Patrice Hickey. She had been on staff at the Center for 
Applied Special Technology (CAST) and had also served as Director of 
the Mount Holyoke Institute for Math Educators. Ms. Hickey had 
previous experience developing software programs that incorporated 
virtual manipulatives as well an extensive background working with 
students with learning challenges. 
 

Content advisors to the IntelliMathics project included representatives 
from three major innovative math products that were funded by NSF 
during the grant period: Everyday Math, Investigations in Number, Data, 
and Space, and Trail Blazers in Math and Science.  
 
During this grant-funded project, IntelliTools developed a partnership 
with InfoUse, Inc. of Berkeley, CA. InfoUse was in the process of 
developing MathPad™ and MathPad™ Plus: Fractions and Decimals 
under a separate research grant. IntelliTools incorporated these products 
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in the formative evaluation processes employed in this project. 
 
Research partnership: IntelliTools worked with the Alliance for 
Technology Access to test products with students who have disabilities 
and evaluate the effect of intervention in classrooms across the nation. 
 

Methodology IntelliTools worked with subject matter experts to compile a list of math 
skills taught in grades K – 6 as well as best teaching practices. Based on 
these recommendations, prototypes were created and classroom tested 
using IntelliTools technology. The research design included extensive 
observation and surveying to evaluate software design, impact on student 
learning, and impact on teacher behaviors.  
 

Results Resulting products included Number Concepts 1 and Number Concepts 2:   
theme-based programs introducing basic arithmetic concepts.  MathPad 
and MathPad Plus (authored by InfoUse, Inc.) enables students to do 
teacher-directed math problems directly on the computer, and 
IntelliMathics make a number of manipulatives accessible to students 
while allowing teachers to author their own problems.  
 

Educational 
Outcomes 

Teachers and students in the elementary grades now have numerous 
materials to complement and enhance their current math curriculum. 
Feedback from teachers has been extremely positive.   
 

Effect on Today’s 
Products 

IntelliMathics, a fundamental part of IntelliTools Classroom Suite, was 
originally conceived and developed under this grant. Specific 
manipulatives and gear include: 

·  Base ten blocks 
·  Geoboard 
·  Fraction bars 
·  Decimal blocks 
·  Two dice 
·  Counting boxes 
·  Sorting bins 
·  Grids 
·  Venn hoops 

 
Overlays for IntelliMathics, included in the Access Supplement for 
IntelliTools Classroom Suite, were developed and tested in this research. 
 
The software programs Number Concepts 1 and Number Concepts 2 were 
both developed under this research. 
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Sample IntelliMathics Innovations Developed Under Research 
 
 

 
Geoboard 

 
Fraction bars 

 
Two dice with a histogram 

 
Base ten blocks 

 
Venn hoops 

 
Patterns in a grid 
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About IntelliTools, Inc. 
IntelliTools, Inc., a Cambium Learning Technologies company, is a pioneer in learning 

solutions for preK – 8 classrooms, and has been producing software and adaptive 
hardware products for more than 25 years, earning 15 Technology & Learning Awards 
of Excellence, the EdNet Hero Award, and numerous other awards along the way. Its 

IntelliTools® Classroom Suite is a software toolset for K – 8 curriculum support, 
designed to boost the achievement of lower-performing students and help schools and 
districts meet Adequate Yearly Progress (AYP) goals under the No Child Left Behind 
Act. IntelliTools also produces additional activities-based reading, writing, and math 

programs. All IntelliTools software products are fully accessible for standard keyboard 
and mouse users as well as for users of its IntelliKeys® programmable alternative 

keyboard, users of its wireless IntelliSwitch®, and switch users. 
 
 

About Cambium Learning, Inc. 
Cambium Learning is an education company founded on the belief that all students, 

including minority, at-risk, economically disadvantaged, and special student populations, 
can achieve at a high level. The company provides research-based, culturally 

responsive, and proven instructional materials, services, and technology to help 
educators raise the achievement level of challenged learners in grades preK – 12.  

The Cambium Learning family of companies and brands includes Sopris West 
Educational Services, Inc., Kurzweil Educational Systems Inc., Metropolitan Teaching 
and Learning, IntelliTools, Inc., and Acceleration Station. For more information, please 

visit the company’s Web site at http://www.cambiumlearning.com. 
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