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Abstract

Developments such as the Internet, multimedia technology, and mobile communication have transformed the way young people spend time outside of school – how they play, interact with friends and family, and entertain themselves. Schools have made attempts to adapt to changes in technology. Teachers are required to integrate technology into their lessons and at the same time adopt new teaching strategies that align with findings from the cognitive sciences. These changes have re-engaged a number of students and reinvigorated their teachers. Despite these changes, many students find themselves with limited access to available technology at school.  Teaching and learning continues to take place in a world of words.  Students who think and learn visually or multi-modally and those who have attention and learning disabilities are at a disadvantage, even if they use technology outside of the school walls. This paper will discuss the factors involved in making the transition from thinking, learning, and communicating in the world of words to the multi-modal world of multimedia, in and out of the school setting. Ideas for the future will be discussed.

Background
“School psychologists have specialized training in both psychology and education. They use their training and skills to team with educators, parents, and other mental health professionals to ensure that every child learns in a safe, healthy and supportive environment. School psychologists understand school systems, effective teaching and successful learning. Today’s children face more challenges than ever before. School psychologists can provide solutions for tomorrow’s problems”  (NASP 2004) 
From the view of the school psychologist is important to consider how educational experiences shape the minds and futures of young people since students are required to spend a great deal of time in one place, school.  Although students have always had learning opportunities at home, with family members, and in the community, technology has broadened the sphere in which learning, thinking, and communication takes place.  Learning experiences facilitated by technology in places beyond the traditional school setting must also be considered if one is to gain a full picture of a young person’s school-related functioning and to generate solutions for the future.

Thinking, Learning, and Communicating: The World of Words  

When we think about children and youth it is important to examine the world of teaching and learning that is experienced daily at school.  Research in the cognitive sciences  has impacted the teaching and learning activities in schools (Bransford et. al, 2004; Levine,  2002, Gardner 1985, 1999) he school reform movement has resulted in higher academic standards for all students. Even with this push for change a significant number of students do not perform well in school and a high number of those with learning or emotional-behavioral difficulties do not graduate from high school.    Learning in the traditional sense is dependent on a locality, a place called a school, with information transmitted by the teacher and through reading textbooks.

One important change is that a growing number of teachers have made the commitment to take the journey required to achieve National Board Certification in the US. To become certified at this level teachers must demonstrate that they are successful with all learners. They are encouraged to be sensitive and creative in their approach to teaching.  Board-certified teachers have students who attain higher levels of achievement than students of non-board certified teachers. Teachers who have become board-certified may have the ability to adapt and integrate technology effectively and understand that technology is one of many tools that help generate multiple paths to learning. 

“Teaching for understanding requires students to integrate aspects of knowledge into their habits of thinking, rather than simply store fragmented knowledge bits. It also means learning to think in a nonlinear way, approaching issues from different angles, weighing multiple criteria and considering multiple solutions. Thus, in the eyes of the proficient teacher, "knowledge" is not conceived narrowly as a lower-level form of understanding. Rather, knowledge is cast in the richest light -- as a combination of skills, dispositions, propositions and beliefs -- integrated and flexible, elaborate and deep. Furthermore, understanding involves the ability to apply such knowledge to problems never before encountered by teacher or student. Accomplished teachers appreciate that this is the kind of knowledge and understanding that counts, and that this type of learning cannot be rushed.” (What Teachers Should Know and Be Able to Do: The Five Core Propositions of the National Board 2003) 

The goals of the National Board encourage teachers to make the transition between a traditional word-dominated, teacher-centered model to a learner-centered constructivist model that integrates research from the cognitive sciences into instructional practices. Through this model, teachers are expected to “reach and teach” all students. To do so teachers are encouraged to look at student learning styles and appropriate accommodations for students with special learning needs. Teachers are expected become proficient users of technology and integrate technology into content-area instruction. As a result, many teachers have created classrooms that meet the needs of most learners.  This has been a difficult process for other teachers, many who have entered the field as “lateral” teachers without a foundation in curriculum and instructional theory. 

It has been noted that students who are strong visual or multi-modal learners and thinkers are bright, but struggle in school in part because they do not receive instruction at a level consistent with their cognitive strengths. Word-dominant classrooms are often the norm in many schools, and this may contribute to the difficulties these students experience:
“The schools allow millions of imaginative kids to go unrecognized and let their gifts remain untapped simply because educators focus too much attention on numbers, words, and concepts, and not enough on images, pictures, and metaphors.  Many of these children may be ending up in learning disability classes and many more may be wasting away in regular classrooms, at least in part because nobody has been able to figure out how to make use of their talents in a school setting. “ (Armstrong, 1987, p 85, in Hearne, Dixon, and Stone, Suki, 1995) 

“These children struggle to achieve and with each passing year the struggle gets harder until finally they give up. When this happens, these students are caught up in a spiraling web of underachievement and failure, believe they are stupid, lose all motivation, and hate school.  Teachers then often assume that the student doesn’t care or is being lazy, and in response, these students often develop behavior problems.  Meanwhile, the whole cycle creates a very deep chasm in the student’s self-esteem.” (Silverman 1994)

“What takes place when a teacher’s ways of teaching clash with a learner’s way of learning? Chaos, discord, accusation, and anger often ensue…In facing these conflicts, should we be trying to rewire the child or instead should we modify the environment and alter our expectations?  Or should we do both?”(Levine, 2002 pp 260, 261)

Levine’s question regarding the clash between a teacher’s style and a student’s learning style teacher is valid.  A traditional teacher who teaches primarily through written and spoken words might find it difficult to adopt new strategies and instructional approaches in general. It is easier for a teacher who feels threatened or uncomfortable with change to buy into the medical model and feel that the student should receive instruction (rewiring) from a specialist, outside of the regular classroom. This line of thinking perpetuates the problem as the teacher loses the opportunity to develop the “multi-modal”  teaching skills that will enable them to effectively reach students with similar needs that they may encounter in the future.  Change is not a comfortable process.  By making a change, a teacher must think more deeply about his or her philosophy of thinking and also look at their role as a teacher within the context of the classroom, school, and the needs of a changing society.

Thomas West, of the Center for the Study of Dyslexia and Talent at George Mason University has given a great deal of thought about the important issues surrounding the education of young people with learning differences.  He points out that many great thinkers and inventors as youngsters did not fit in well at school and were often thought by teachers to be quite less than brilliant.  He notes that we still are educating young people according to old paradigms that will not support the type of learning and thinking that will be required in the future. 

"It is useful to recall that for some 400 or 500 years our schools and universities have been developing essentially the skills of a Medieval clerk -- reading, writing, counting, memorizing texts and developing verbal arguments. Today, we are on the verge of a really new era when we will be required to develop, whether we want to or not, a very different set of visually-based talents and skills -- like those of a Renaissance visual thinker such as Leonardo da Vinci rather than those of the clerk or scholar or schoolman of the Middle Ages. In the not too distant future, machines will be the best clerks. Accordingly, we must learn to develop distinctly human talents, and these are likely to involve the insightful and broadly integrative capacities associated with visual-spatial modes of thought." -- Thomas G. West, In the Mind's Eye, Prometheus Books, 1997

School psychologists and special educators know that students with learning differences often have at least average intelligence and perform higher on non-verbal, visual-spatial problem solving tasks, as noted by West , Levine, and  others. They have difficulty on tasks that require short-term auditory memory, working memory, word retrieval, reading and writing fluency, processing speed, and vocabulary or verbal expression. In a traditional teacher-centered, word-dominated classroom it is difficult for students with this profile to thrive.  They must keep up with briskly paced lectures and discussions or long reading assignments. They must take notes  and demonstrating knowledge through written assignments and traditional tests. This makes it less likely that they receive appropriate feedback about their learning, feedback that is needed in order to develop active self-monitoring of their learning progress.

(Note:  A simulation of the classroom and experiences of students with learning and attention difficulties can be accessed on the PBS website “Misunderstood Minds” based on a 90-minute television program that covered the work of Mel Levine, M.D.)

Thinking, Learning, and Communicating in a multi-modal world

People from a variety of disciplines have given serious thought to the different  ways people think, generate meaning, gain and share knowledge, and communicate. Has the time come that the time come to prepare people for a surge in visual, muti-modal, and multidimensional thinking, learning, and communication?  Hopefully so, because we are preparing students to function in the future where thinking and communicating in multiple ways, will be an integral part of work and social life, facilitated by  multimedia and communication technology.

In response to the focus in education on verbal thinking, many educators, especially those in the arts and sciences, have begun to communicate the importance of visual thinking and other modes of thinking as well, since good  visual thinking skills are required in several areas of study.  A good  definition of visual thinking and more in-depth examples of categories of visual thinking in art and design can be found on a website at Indiana State University (http://www.design.iastate.edu/ART/NAB/visthnk1.html) 

“Visual thinking refers to a group of generative skills that, when practiced with rigorous discipline, results in the production of novel and original graphic ideas. By seeking to discover visual forms that fit his/her underlying human experience, the student of visual thinking comes to know the world. This practice of thinking with images alone is stressed in NAB in order to balance the over-emphasis on verbal reasoning in other areas of education. Visual thinking is high order critical thinking conducted by imaginistic means alone.”
Staley’s ideas describes his concept of visual thinking as “visualization-ism”:

 “The best visualizations are those that allow one to see the structure of the information as a whole, to see the shape of the whole. At the same time, a well-formed visualization allows the eye to “zoom in” in order to examine individual parts of that structure, all the while allowing the eye to see how those parts relate to the whole. The best visualizations are dense with data and information, and are thus deeper and richer than a simple diagram or graph. Visualizations are not decorations used simply to break up blocks of text, nor do they serve merely as dazzling and attention-grabbing devices that draw the eye to something else. Visualizations are not the cartoonish clip-art icons of the type that decorate many websites. Instead, the best visualizations are images that allow one to see, think about and understand multidimensional levels of information that would not have been apparent had it not been so spatially organized.”

Related to the concept of visual thinking and visualization is Bertoline’s concept of “visual science” and visual communication:

“Communicating visually is becoming the norm rather than the exception in technological societies…This renaissance in graphics is coupled with the emerging re-thinking of the role of visualization in basic human intelligence.  Converging technologies, a renaissance in graphics, and better understanding of the role of visualization in human cognition are the catalyst for an emerging discipline called visual science.” ( Bertoline, 1998)

As defined by Stokes, visual literacy is “the ability to interpret images as well as to generate images for communicating ideas and concepts”  Stokes reasons that since greater learning occurs when visuals are used in teaching, teachers should possess a “language of imagery as well as techniques of teaching visually”.  Stokes goes on to say that technology and mass media impacts a culture’s predominant mode of literacy and brings up the point that multiple literacies, including visual literacy, are necessary in today’s society.

Creative arts educators have something to say about the importance of multiple literacies and multimodal instruction with young children. Wright (2002) discusses the work of Hass (1992) and Eisner (1996) to explain the importance of  “cross modal” instruction:

“Communicating via drawing and storytelling gives children the opportunity to create and share meaning using two modes, the nonverbal (i.e. graphic depiction stemming from imagery and visual memory) in collaboration with the verbal (i.e. crating a story that accompanies their art work).. Such crossover of modalities increases children’s capacity to use many forms of representational thinking.  Most importantly, it allows one symbolic domain to enrich and inform the other.” 

The concept of multiple literacies corresponds to concepts of  multimodal learning, Gardner’s theory of  “multiple intelligences”  and the new understanding among educators about he concepts of “multiple paths to understanding” and “multiple ways of knowing” .  

Technology has enabled researchers to manipulate large quantities of data and the techniques to analyze this data now include multi-dimensional visual representations and even auditory displays of information. The knowledge base is expanding quickly. For example, a group of geologists at a conference held in 2001 pointed out the following:

“The total amount of information obtain through new technologies combined with Internet interactions over the next two years will exceed all previous information created, since the advent of cave painting around 40,000 B.C.” 

The geologists go on to discuss how geographic information systems and spatial analysis techniques can be used to look at large data sets in new ways that “analyze and explore multidimensional aspects of spatial data related to the earth’s surface over periods of time”.  To do so, various disciplines within the earth sciences will benefit.

The multi-modal, multidisciplinary, multidimensional approach to research, knowledge gaining, and knowledge sharing is not something limited to scientists in geology and related disciplines.. Communication of information and research between disciplines in different fields has increased.  Although traditionally  in most fields of study, research has been conducted independent of other disciplines or even related disciplines.  The Interent has facilitated  cross-disciplinary research.  As a consequence, the collaboration and sharing of information between researchers from different fields, facilitated by technology, has resulted in rapid advancement of knowledge. Data and information can be manipulated, visualized, and experienced in ways previously not thought possible. Terms such as visual science, multidimensional thinking, multimodal thinking, and cross modal thinking have been used in publications from a variety of disciplines to describe new ways of understanding, generating and communicating data, concepts and relationships in ways that can not be described in words.  
An example of recent cross-disciplinary approach has been the collaboration of researchers in the  cognitive sciences, education, and technology.  Another example is within the sub-specialties of cognitive science. Researchers who study sensory perception have generally limited their study to their narrow domain, so that those who study auditory perception work in departments separate from those who study visual perception.  Since the senses are integrated and human cognition relies on all of the senses, it makes sense for researchers to use multidisciplinary techniques to study multi-modal or cross-motor sensation and perception. The implication for this in terms of teaching and learning aren’t yet known, but some of the new research in auditory perception and cross-modal integration suggests that humans have learning capabilities that have yet to be tapped.

Some of the new research in auditory perception and cross-modal integration suggests that humans have learning capabilities that have yet to be tapped.  Kunkler-Peck and Turvey (1999) conveyed the results of their cross-modal perception research by saying “In sum, the shapes of thin, vibrating plates can be heard” .  Research in the new field of auditory psychoaucustics has led to the development of auditory displays of information that may provide people with additional ways of thinking, learning, and communicating. Some of this technology has been developed to assist the blind.

Thinking, Learning, and Communicating: The world of technology

Growth in technology has resulted in wider range of learning activities available to students, including interactive multimedia applications.

The work of cognitive scientists has influenced the thinking of educational technologists. This in turn has lead to interesting developments in mobile learning and interactive multimedia. (Gagnon and Collay, (200?), Woodbridge, 2004). In addition, technology has significantly impacted the lives of young people with disabilities.   These developments have led to changes such as accessible web design and websites created for those with significant disabilities, including the blind.  The concept of accessibility has led to the development of Universal Design for Instruction (UDI).  The UDI is based upon the recognition that all instruction, including instruction through technology, must take into consideration the various learning styles of students and must facilitate the learning of all students, including those with disabilities. 

Internet

When thinking about children and youth, it is difficult to ignore the ways Internet has impacted education and society. With increased bandwidth, multimedia applications have become accessible through free and fee-based e-learning sites.  Students use the Internet as a learning resource at school and at home.  Many schools and classrooms have websites and they are often used as a place to post assignments and communicate news to parents. Students use the Internet to learn as well as communicate with friends through e-mail and messaging. Young people use web logs (blogs) to record and share their thoughts, feelings, and experiences over time and use pictures, animated icons, and drawings along with writing as a means of self-expression.  (Pew, 2001,  personal observations) 

To respond for the need to educate students in technology, schools now offer a wider variety of courses at the secondary level.  Students can take classes such as digital communications, computer graphic design, web design, and music technology. In content-area classes some teachers use tools such as digital cameras, digital video, and digital recorders frequently throughout the school year. Students work in groups to videotape and produce interviews and dramatizations. Instead of sitting in a classroom, students can be found outside observing nature and recording information through digital pictures that will eventually be posted on a website or included in a PowerPoint presentation assignments. Teachers use SmartBoards linked to computers to provide the class with interactive multimedia instruction through the use of Internet and CD applications, and interactive SmartBoard applications. 

Another technological innovation in education is the use of handheld devices (Personal Digital Assistants or PDA’s) in classrooms.  Devices include Palms, PocketPCs, and Internet-capable iPaqs. (Sorell, 2004, Hebert, 2003, TechDis (2002), Curtis et. al, 2004, Atwell et.al 2003)  Chemistry students use probes attached to handhelds to measure real-time data. Handhelds are used on field trips and serve as journals.  First grade students who have trouble turning pages are motivated to read with e-books that incorporate color and sound. (  ) Students with attention difficulties use handhelds to keep organized. Students with multiple handicaps use modified handhelds as communication and assistive devices. 

Students work cooperatively with each other using handheld devices and easily share information through beaming. Another advantage of handheld devices is the capacity to serve as e-readers as they can hold information from several books. Textbooks for handhelds can be updated as needed. In addition, the multimedia capabilities of handhelds may provide easier access to information through links to word descriptions, graphics, interactive maps, and visual models of concepts.  Visual organization software, or “mind maps” are available for handhelds that help students with note-taking and organizing information for reports and presentations. Handheld devices also have word processing capabilities, which is a plus for students who have poor handwriting skills. In the future, handheld devices may replace textbooks and notebooks.

Inspiration Software Inc., a company that developed visual thinking/learning software for 

elementary and secondary students, is an attempt to help students develop visual learning skills.  Students use the program to organize information and create presentations. The software provides students with a wide range of choices in terms of the organization (webs, idea maps, or concept maps) and type of information that is presented. A review of the literature completed by researchers at the Institute for the Advancement of Research in Education (IARE, 2003) found that the use of graphic organizers results in improved reading comprehension. It also contributes to achievement growth at all grade levels in different content areas.  The use of graphic organizers also facilitates thinking and learning skills, organization of information for writing,  retention and recall of information, and is consistent with cognitive learning theories such as dual coding, schema, and cognitive load.  The use of graphic organizers not only improves the achievement of regular education students, it also benefits students with learning disabilities. 
Multimedia applications can assist young people in developing social-emotional coping skills.

Although most interactive multimedia applications in education are in academic content areas, several programs have been developed to assist students with social communication skills and affective coping skills.  Interactive SmartBoards have been used effectively to increase the social skills of special education adolescents.  Problem-solving lessons presented via the Smartboard  helped students to resolve conflicts in a less aggressive manner,  monitor impulsive response through using self-talk, and perceive a greater level of control over their own behavior and within their environment. (Blanton et.al, 2000)

RippleEffects is a software company that has developed interactive programs for children and teens that appear to be promising:
“Researchers from Columbia University and New York University, working in a New York public school setting, demonstrated that Ripple Effects Social Learning Software, Relate, changed teen behavior in positive ways (reduced aggressive acts by 32%; increased pro-social acts by 77%) and that those changes were correlated with improvements in educational outcomes (62% decrease in summer school referrals).” 

“Through videos of real kids, true stories, animation and games, students are able to explore these topics. Each topic area is introduced, defined and explained. Coping strategies are outlined and resources for further help are given if warranted. Activities and games check comprehension of material. Themes running throughout the program include making good decisions, tolerance, impulse control and the importance of community.”

The Centre for Mental Health Research (CMHR) at the Australian National University developed an on-line interactive program for older teens and young adults who may experience mental health problems:

“The MoodGYM training program has been developed by the Centre for Mental Health Research at the Australian National University. It aims to identify the symptoms of depression, anxiety or other mental health disorders in young people, and help them develop skills to cope. MoodGYM consists of five interactive modules, each one consisting of demonstrations, information, mood exercises and workouts. Users can also take an anxiety and depression test. Free registration is required to access the site.”

Another resource that uses interactive multimedia technology is the “itsmylife” website developed by the Public Broadcasting System. This is the description used on the website written to appeal to young people:

“It's My Life deals with (you guessed it!) life and the stuff that we deal with every day. Whatever problem you're dealing with, believe it or not, other kids and teens have gone through the same thing. Here at It's My Life, you can read informative articles, share your stories, play games and activities, take quizzes and polls, watch video clips of other kids talking about their feelings and experiences, get advice from older kids and experts, and contribute your own comments and questions. It's My Life also features interviews with celebrities about stuff they had to go through when they were kids. It's My Life is organized across five topic "channels": Friends, Family, School, Body, and Emotions.

On this website, no subject is off-limits. Our aim is to cover issues important to you, and the site is filled with young people's comments, ideas, and questions sent in from all over the world. It's My Life is for kids, about kids, and most importantly, by kids. After all, it's YOUR life!”

Continued issues exist regarding the extent of use of technology in schools, the appropriateness of instructional activities delivered through technology, and the extent that teachers have adopted technology.

With all of this technology available it is important to note that with computers and Internet connectivity in US schools, there are many teachers who have not integrated the Internet or technology into instruction. There are teachers in 2004 do not use e-mail and have not integrated much technology or the Internet into their personal lives. 

Observers of educational technology have noted that not all efforts to increase the use of technology in schools have been effective.  Castell and fellow researchers point out the following:

“It is remarkably traditional content that we deliver by computer, on CD-ROM, or via the Web, using few of the tools of the computer or the Web beyond their capacities for display and distribution.  This is equivalent to using a high end, multicapacity, powerful server for typing practice – another not unfamiliar school-based practice we would never find in any other context.” 

Bransford (2003), a cognitive science and educational technology researcher makes this observation:

“Good educational software and teacher-support tools, developed with full understanding of principals of learning, have not yet become the norm…Much remains to be learned about using technology’s potential: to make this happen, learning research will need to become the constant companion of software development.”

Like Bransford, researchers in educational technology have found that technology has not been utilized in schools as previously hoped and push for educators and technologists to examine the role of technology in education on a much deeper level:

“It is proposed that one way of re-thinking the purposes and uses of new technologies for education might be to re-position common theoretical questions, asking not how education might use these new tools, but instead asking what, educationally, they might offer; instead of theorizing educational technology, then, the focus becomes an educational theory of technology. Adopting this reflexive stance, which views intervention activities as object lessons, provides instructive opportunities to learn from our tools even as we endeavor to rethink, not just their uses, but more fundamentally the prospects of digital technologies for re- conceiving the very idea of a truly public education.” (2002 Bryson, de Castell, Jenson)

It is clear from surface observation that many Internet learning activities and interactive software programs available to students do not fully address their needs. They are developed in a “one size fits all” fashion and don’t allow for much customization. It is difficult for educators to modify traditional educational materials, so it stands to reason that many teachers have yet to develop creative strategies to work with and around what exists. Technology may offer students multimedia experiences, but often the multimedia is used as an “add-on” to entice students to engage in electronic workbook activities.  The content that is presented to the student, in many cases, still comes from the world of words
Thinking, Learning, Communicating with Multimedia: Making the transition from the world of words to new multimodal forms of communication

With the developments in technology and cognitive sciences there has been a growing movement to explore new ways of thinking, learning, and communication. Young people have caught on to this through the use of icons, symbols, and abbreviations when they communicate through text messages over the Internet or on the phone.  Young people have been the first to use technology as a means of self-expression and the multimedia capabilities of mobile phones and Smartphones may expand human capabilities and communication even more.  

There has been a movement towards using pictograms or picture language, sometimes known as “mediaglyphs”, to communicate. Nyiri provides an important overview of pictoral meaning and gives examples of how it can be used in mobile communication. (2003) People with hearing and communication impairments, autism, or other disabilities have used forms of picture communication for many years. People with autism, even those who have a high-functioning version of the disorder (Asperger syndrome) think and learn pictorially. (Grandin, 1995)

The Computer Assisted Iconic System (CAILS) was developed with the purpose of teaching and communication and one purpose behind the development was to assist communication and learning among people with disabilities. The theory is that pictograms and graphic symbols are easier to decode than written messages. This cross-linguistic system combines symbols with pictures to produce the icons, so the combination of image and syntax produces the message.  Words are represented by the visual reference and the categories include hands, movement, expression, and pictures. The CAILS system uses icons as visual metaphors. The CAILS system uses gears as a visual a metaphor and embeds icons in gears to depict relationships. 

The CAILS system is similar to the MediaGlyphs project. The MediaGlyphs system is an iconic language patterned after Chinese grammar. The MediaGlyphs were designed for both human and computer communication possibilities. The system contains the following elements:

Relationships inside of a glyph:

· Depiction

· Generalization- the reader identifies the common attribute among a group of glyphs.

· Contexualization- a select part of a glyph is highlighted or enhances. By changing what is highlighted, different meanings can be conveyed from the same basic glyph.

· Opposition- Two opposite concepts are shown and the difference between the two is the meaning conveyed.

· Combination of opposites- the enhanced areas of the glyph conveys meaning.

(Isana, 200? For pictures and examples, please link to http://www.mediaglyphs.com)

 Icons are used as a tool in multimedia applications. Iconic languages have been developed that have the potential to be used by humans as well by computers. A program that is based on icons can facilitate classification, storage, description, and retrieval of multimedia data files.  (            )

Non-verbal, auditory based communication systems have been developed in recent years. Researchers in auditory perception and sonification studies have found that information can be communicated through sounds and tones. Walker (2002) and his associates describe the concept of auditory displays and the developing field of ecological psychoacoustics. People are accustomed to hearing alert sounds, ring tones, and various sounds from computers, but recent research has shown that humans gain important information from the tempo and rhythm of a sound as well as information about spatial locations.  Walker points out that people experience ease of learning and high engagement in the presence of certain sounds, and this may impact learning technologies. 

Walker also touches on earcons, as does Brewster.  Earcons are auditory equivalents of icons and contain a structure that can link them together when information is presented.  They may help to reduce learning time in multimedia applications.  Earcons are used in some videogames along with musical themes to assist players with navigation and to help them anticipate various scenarios.

Learning and Computer/Videogames

The most widespread development that relates to nonverbal thinking and problem solving has been in the gaming field. This industry appears to be further ahead than education in terms of recognizing visual and multi-modal thinking and reasoning and adopting corresponding new technologies.  Oblinger (2004) points out the following in a paper about the use of games in higher education:

“Games are no longer just for fun; they offer potentially powerful learning environments.  Today’s students have grown up with computer games. In addition, their constant exposure to the Internet and other digital media has shaped how they receive information and how they learn.  There are many attributes of game that make them pedagogically sound learning environments.  An increasing number of faculty are using games as enhancement to the traditional learning environment with encouraging results. While the interactivity and engagement of games are highly positive a number of questions remain about how games will be developed, deployed, and accepted in higher education.”

Squires, a former elementary and Montessori teacher, is a proponent of the use of interactive games for learning among school-aged youth, discusses how educators have ignored important educational potential of gaming, despite the pervasiveness of gaming in youth culture and highlights some ways that games can be used in educational, despite the pervasive debate in the literature about videogames and aggression. (2000. 2002) 

Like Squires and others, Thiessen (2001) advocates the point that multimedia learning games should be constructed within the framework of constructive cognitive theory. “Effective learning programs offer the learner a world in which he can maneuver, in which he can find patterns, structures which he can investigate, stimuli that raise questions and help him to find answers.  They do not overwhelm him with specific series of pre-defined “facts” but help him to discover things that expand or reconstruct the network in his own head.”  He supports the development of using interactive learning games to provide students with complex learning experiences. Meridian takes this concept one step further.  The philosophy behind the Kid Designer project draws upon constructivist theory, play theory, and the idea of “construcionism- learning by building. The Kid Designer program allows students to design and build their own interactive learning games and appears to be something that motivates learning.  

Final Considerations:  Universal Design for Learning

It is probably accurate to predict that when multimedia mobile devices and communication networks have the technology, the gaming culture will follow. New mobile devices have better gaming capabilities than in the past. If educational gaming and mobile learning takes hold, more possibilities will unfold in places beyond the classroom and the school.

Content developers and mobile technologists should consider thinking about using the principals behind Universal Design for Learning (or instruction) outlined by Orkwis (1999) and others:

“Universal design implies a design of instructional materials and activities that allows learning goals to be attainable by individuals with wide differences in their abilities to see, hear, speak, move, read, write, understand English, attend, organize, engage, and remember.”

Universal Design includes the following components:

· Multiple means of representation

· Multiple means of expression

· Multiple means of engagement

· Equitable use

· Flexibility in use

· Perceptible information

· Tolerance for error

· Low physical effort

· Size and space appropriate for use

· Community of learners

· Climate of inclusiveness, welcoming, with high expectations

Adults who are responsible for developing mobile multimedia technology might take the time to consider how it can guide young people towards positive directions, and how it can be used to reach young people in effective, efficient ways. It is important to think about how it can enhance their lives rather than add to stress, and enhance a sense of community.  Following the concept of Universal Design, mobile multimedia technology developments should also focus on the needs of older adults. Mobile multimedia has the capacity to move us beyond the world of words to a world where everyone has access to new and effective ways of thinking, learning, and communicating.
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