Information technology could be used to enhance the quality of care given to patients   

  information technology and communication technology can be   to aid in the delivery of quality health care

  viewed as a complex system if interconnecting groups of care providers and service providers.

  the need for complete patient specific information

 basic kinds of information about the patient, i.e. 

Patients history,

 patients physical exam,

 past medical treatment,

 patients labs,

 current medications,

 current treatment plans,

 consults by different subspecialties,

 method of communicating with family members

 the current status of the patient, 

Patients primary care provider..... 

 and at any given time, any given service may need access to that information.

Informatic infrastructure to support such access

The informatic needs   far exceed the current information support system

Recommendations   which can  greatly improve  the efficiency and quality of service by the utilization of current, off the shelf, information technologies.

Lack of continuity of information between, entities which interact with the patient

Admission records,

 physician records,

 nursing records, 

Laboratory reports, 

Radiological evaluations, 

Consults  

Pharmacy data. 

Problem of fractionated systems 

The creation of a data repository

Accessing patient specific information 

Inter professional communicating

Access to on-line medical information data banks on the internet (the data superhighway

Trying to run a modern department in the information age while armed with the tools of the industrial age.

System wide continuity of patient information

The development of a central data repository 


a method for inter physician communication


a path for physicians to access current medical literature while they are updating the 
electronic medical record.


an efficient email system to facilitate the delivery of messages to multiple entities 
interacting with  the patient.


the use of medical multimedia in the rapid education and review of common procedures


a ward specific multimedia  i.e. Hypertext system which allows medical educators to 
rapid prototype content  in a way which could be quickly updated and refined as new 
wisdom is developed

Ways to use information technology to enhance the quality of life  for the patients

Spontaneous medicine
A medical communication system which intelligently channels critical knowledge to the point where it has the most impact

Interactive information technology 

The necessary  tools 

Develop and implement solutions to real informatic needs in health care

Methods of interventional informatics 

Provide solutions to real problems in many areas of health care.

Enable the rapid deployment of informatic solutions to real problems in medical communication.

Solution engine which can generate need specific solutions to the problems of medical communication

Distributed medical intelligence
Establishing a linked informatic infrastructure

Intelligent medical communication  systems.

While others are still pondering if solutions are possible,  we could be providing them.  

"reach out and heal someone"

Medicine is an information based art/science
New technologies emerging for the information age have the potential to profoundly change the way health care is distributed. 

Telemedicine

Advances in communication and computation technologies have paved the way for medicine to be the next major industry to navigate along the data superhighway.

Technological capability of providing health care services at a distance.

Economically feasible( and possibly socially desirable) to empower health care providers with the informatic infrastructure to develop collaborative medical services.

Team work model of providing health care services.

Telemedicine is a geographically distributed health care tool. 

With the tool of telemedicine a specialist can do consults any where there is a telemed-port uplink.

Critical shift in thinking

A health care provider,  can attend to the needs of individuals which are geographically distant

Wider distribution of that health care providers clinical expertise

This service allows them to seek the care of the expert in the field despite the geographical location of that patient

Education the technology can alter the distribution of newly discovered techniques and methods. 

This rapid dispersion of new information allows for the level of care to be similar no mater where one is being treated.

Health care to rural areas- 

Specialty services can now be made available to persons remote from the major health care centers. 


Consulting services- 

A new industry of professional-professional case specific communication

Computational resources teamed up with communication technology 

Data driven decision augmentation system to be implemented.

A doctor may be automatically advised as to the "standard of care" for a given set of history, physical and lab findings.

From an administrative perspective telemedicine offers a potential of expanded services to a larger geographic region.

Helps ensure a more even distribution of medical intelligence

The physician may review the old chart, 

Search the literature for relevant information, 

Consult with yet another expert on the service,  

All of which enables the physician to render the highest level of care.

The future of this technology is most to migrate to the home.

 when the television, the telephone and the computer all become the same "black box", patients will be able to seek remote medical services in their own home. 

It is rather ironic to think that technology, which is normally considered to remove the doctor from the patient will now enable the doctor to visit the patients in their own home just like the good old days.

The Problem

 The Solution

Global Strategy

A scaleable,

 extensible, 

      embedable

Enterprise Wide  

Platform Independant

Old ideas, -paper based system.

Old technology ===>slowing progress.

information instead of organised data.

The way we  care has changed  

information systems have not kept up.

   repositories and centralised data.

Alternative Strategies

Multiple Regional Repositories.

Local Repositories with Data Distribution Agents.

Local Repositories  

Data Distribution Agents

Distributed data and data security.

Data replicator service insures Synchronisation  

No single point of failure.

Performance.

Local Repositories with Data Distribution Agents.

Questions? 

Vision Statement

Human performance institute

developing medical applications for advanced human-computer interface technology

quantitative assessment of  disorders

augmentative communication

environmental controls for the disabled

enriched rehabilitation activities

Using  technology  to  make  the world  a  better  place

Interventional Informatics


Enabling technologies

Mission:

To utilize information technology to improve the quality of life.

Definitions 

Leveraging information technologies at critical points

A systems-based approach

Digital information affords quantification

Synergy catalysis

Efficient use of informatics resources

Pro-social applications of informatic systems

Theoretical  Foundations

Information can be modeled as a mechanism

Information trajectory

Feedback

Feedforward

Delay

General Systems Theory

Biocybernetics

Adaptive systems

Iterative refinement of control

Complex Dynamic Behavior

Entrainment

Hypersensitivity

Emergent properties

Scalability

Critical transition states

thresholds of complexity

Critical Transitions in Task Performance

Communication technology

(Interactive) Information technology

Computation-based technologies:

Enhance perception and expression

Create perceptual illusions (virtual realities)

Alter cognitive states
Interface Device Issues: 

Use The Whole Person 

Interface Systems:

 
Human-computer

 
Computer-computer

 
Computer-human

 
Human-human

 
Input:

 
Processing:

 
Output/rendering:

Perceptualization

Spatialization

Human Ability

Human Performance 

Sensory physiology 

–
Visual

–
Auditory

–
Somatosensory (incl. Visceral, vestibular)

 
Effector physiology

–
Mechanical

–
Sonic

–
Bio-electric

Navigational Heuristics

Spatial search strategies

Pulsing the net vs. shotgun approach

Investigational navigation

Cybernautical engineering
Memetic Engineering

Eclectic synectic linguistics

Metaphor

Dialogue

Interventional memetics

Identifying Problems That Can Be Solved

Technological Feasability

Choosing Problems That Should Be Solved

 Enabling Technologies

–
Augmentative Communication

–
Environmental Control

–
Teleprescence

Wellness Entrainment

Performance Assessment

Sensitivities


Historical Obstacles


Vested Interests


Potentially Prohibitive Complexity

Recognizing Domain Expertise

Knowing What Is Possible

Knowing What Is Practical

Knowing What Is Feasible

Accelerated Skill Acquisition

Medical Communications

 
Telemedicine

Medical Intelligence

Spontaneous Information Delivery Systems
PERCEPTUALIZATION

WHOLE BRAIN INTEGRATION OF INFORMATION

SPATIALIZATION OF INFORMATION

Enhanced expressional capacity

Perceptual state space modulation

Polyphysiometric interface design

Spatialized physioinformatic rendering

Learner optimized educational informatics

Experiential interaction with spatialized information

Expressional spatialism

Spatial informatic expressionalism

Spatialize information for optimized assimilation and recall

Auto-optimizing interaction dynamics
Develop physiologically optimized interface protocols

Develop structeralized informatic state spaces

Auto adaptive physiometric interface

Biocybernetics

User optimized educational multimedia

Medical informatics

Informatic spatialization

Flow of information between the human and the computer.

Identify methods and techniques which optimize information flow between humans and computers

 An optimal mapping of interactive interface technologies to the human nervous systems capacity to transduce, assimilate and respond intelligently to information in an integrative-multisensory interaction

Fundamentally change the way that humans interact with information systems.

Methods and technologies

General systems theories

Human information sciences

Exploring relevant issues in  interactive human computer interface design

Cognitive neuroscience, perceptual psychophysics and bio-cybernetics

Integrated interactive educational multimedia.

"interactive technologies in health care and education"

Enhanced human computer interaction,

Applying information technology to improve quality of life

Human computer interaction

Facilitate the rapid exchange of relevant information

Public accesses health information databases designed to empower the average citizen to become more involved in their own health care

Adaptivly optimize interactive educational systems to the capacity of the user

Remapping the human-computer interface for perceptualization of medical information.

Computer enhanced perception: medical applications of multisensory natural user interfaces. 

the intelligent implementation of interactive information technologies in health care and education

intelligently  implementing interactive  information technology in health care and education to improve quality of life 

 interactive information technology  augments our human ability to dynamically  create, express, retrieve, analyze, process, communicate, or experience information.

 educational systems that adapt to the users ability to learn.

enhance our ability to interact

rendering information in ways that take advantage of  psycho-physiologic signal processing of the human nervous system (perceptual psychophysics).

the next paradigm of  human-computer interface 

interactive information technology 

new theories of human-computer interaction which are physiologically and cognitively oriented

multi-sense rendering technologies, giving sustained perceptual effects

biologically optimized interactive information technology has the potential to facilitate effective communication

increase in effectiveness will impact both human-computer and human-human communication

physiologically oriented interface design

sensory physiology 

perceptual psychophysics

number and variation of simultaneous sensory inputs

make the body an integral part of the information system

"a sensorial combinetric integrator".

identify the optimal perceptual state space parameters  in which information can best be rendered

"a sense specific optimization of rendered information.

designs in our nervous systems optimized for feature extraction of spatially rendered data

enhance perception of complex relationships by integrating visual, binaural, and tactile modalities

a powerful tool for characterizing the complex nature

immersion of  external senses

iterative interaction

increasing the individual productivity  

providing the knowledge and technology to empower people to make a positive difference with information technology

an attitude of social responsibility

applicationsintended to improve quality of life

applications in medicine, education, recreation and communication must become a social priority. 

fan experiential interaction with in a computationally sustained environment

a fundamentally new  way  for humans and computers to interact. 

remapping  the human-computer interface for optimized perceptualization of medical information

ever increasing ability of technology to quantitate complex physiological parameters and to image volumetric anatomical structures are taking us to a point where we will soon be unable to assimilate all the available information through the traditional means (i.e., numbers and graphs).

interface technology that renders computer information onto multiple human sensory systems to give a sustained perceptual effect (i.e., a sensation with a context) 

this interface also allows for a natural interaction with abstract data sets

an integrated experiential encounter with information

a paradigm where the physiological integration of a pansensory rendering of medically relevant information provides an enhanced capability to discriminate between classes of complex dynamic interactions involved in pathophysiological processes
we need however to be careful that we do not become photo-chauvinistic and forget that we have other senses

identify which types of information are best rendered by each specific sense modality. 

spatialize

 simultaneous sensation of multiple independent and dynamic data sets that can be integrated physiologically into a single perceptual state.

spatially-rendered data

data perceptualization

a computerized illusion

to modulate perception.  

technology that modifies our perception in a reproducible and meaningful way an interactive computer-generated illusion
share perspectives 

share ideas 

share information 

share experiences  

  if you can control the computer, you can control information systems

you can actually be useful in the information society.

 this is an extension of the human nervous system into information space."  

it’s a matter of funding and access to technology.  

perceptual modulation

getting people familiarized with the technology

 a spacialized environment that’s a universal language

the purposeful use or utilization of information and information technology to alter the course of some dynamic process

the primary use is in health care and education.  other potential uses are in social engineering and political persuasion

operational philosophy


because it seams to be working

eclectic methodology


best methods from any applicable field

generalized dynamic systems thinking

operational assumptions


change happens spontaneously in complex dynamical systems


 change can be made to happen in dynamic systems 


information flow has mechanistic properties in informatic systems 


informatic systems can be dynamically modulated



emergent dynamics can be induced by modulating information flow

characteristics of dynamical systems

change happens

control parameters influence change 

control parameters can be manipulated

change can be manipulated

critical points   in a systems dynamic have state-space specific influence

functional utility is the reality check for implementation


what is to be accomplished


what is the resource base for implementation


what are the obstacles to implementation


what emergent behaviors are anticipated to occur 


what is the end point


how is it identified


what could obscure it’s detection


what could change the endpoint

tools for interventional informatic implementation

language


specialty specific terminology


synectic linguistic protocols

complexity theory’s

dynamical systems 

general systems

 an emergentist view/perspective

practical application areas


human-computer interface 


computer-human interface


medical communications


automated drudgery


extended perception


proactive intelligence 


quantitative tracking and iterative refinement of processes


accelerated knowledge acquisition


accelerated skill acquisition


distributed intelligence


preventive medicine


wellness entrainment/maintenance

sensitivities


historical obstacles


vested interests


cultural limitations

finding allies


identifying domain experts


extracting useful knowledge

necessary knowledge


knowing what is possible



what can be done 



technological



economic



political



cultural


knowing what is practical



what should be done




does the difference made warrant the effort




will things actually be improved




will this intervention restrict other needed 





interventions




is this the next step on the migration path


knowing what is feasible



what is a reasonable course of action given all 





relevant considerations

it is important to identify problems that can be solved

technological capacity 

institutional commitment

psycho-physiological constraints of implementation

physiological


neuro



sensory




visual




auditory




somatosensory



effector




mechanical




sonic




bioelectric


metabolic


psychological 


cognitive


motivational


perceptual


intuitive


utility


efficiency

methods of interventional informatics

the human must be considered when ...

things that have emerged in the last couple od decades which make all this possible

spatialization of rendered information

investigational navigation

cybernaughtical engineering

navigational languageing

communication technology

computational technology

interactive interfacing with dynamic informatic systems

enhanced perception

enhanced expression

altered cognitive processes

human-human


via 
human-computer



computer-computer



computer-human

input= >processing=> output

perceptualization

spatialization

prosocial activist

enabling with technology

theoretical foundations

informatic mechanist

emergent dynamsist

information trajectory

iterative refinement

salability

adaptive systms

cybernetic informatics
aided by the implimentation of informatic systems

the use of medical multimedia in the rapid education and review of common proceedures

a ward specific multimedia  ie hypertext system which allowed the medical educators to rapid prototype content  in a way which could be quickly updated andrefined as new wisdom is developed

interactive interfaces

optimal implementations

–
health care

–
education

–
communication

“ social responsibility” 

interactive information technologies

improve quality of life  

1. facilitate communication

2. accelerate education

“make the world a better place”

computer assisted communication

 shared experience

 co-experienced environments

multi-participant perspective

“distributed intelligence”

interactive interfaces

an interface that facilitates invention, exploration and creative expression
utilize information technology to improve quality of life

Spirit and Intent

Operational philosophy

Pro-active

Preventive


Pre-emptive

Technological infrastructure

Communication technology

Computational technologies

Pro-social applications of informatic systems

Healing with information

Prescribed information

Technology which empowers the user with a greater set of options

Interactive information technology

Any technology which responds to users in a meaningful way and which evokes a similar response in the user.

Nonlinear dynamic systems theory as a modeling tool

Information can be modeled with mechanistic metaphor

Public health issues

Patient education

Diabetic education

Disease control

Tracking 

Rapid prototyping

Collaborative work

Telecommuting

Teleconsulting

Collaborative computing

Resource sharing

Medicine “on tap”

Teleducation
Distance Education

Theoretical basis for applied informatic intervention

Complex systems

  of relationships

Critical States

Order Parameter

Control Parameter

Sensitivity and Predictability

Scale-independence

Entrainment

Mode Emergence

Mode Locking

Mode Dominance


Scalability

Personal- social- professional- medical- ecological- economic

Individual, interpersonal (intimate/non-intimate), group, neighborhood, district, city, county, state, region, country, continent, hemisphere, planet,

The Four Primary Interface Systems

Human-Computer

Computer-Human

Computer-Computer

Human-Human

Enhanced interaction with increased flow of information

Neurophysiologic functions

Receptive transduction

Perceptual state space modulation

Pre-filtered information

Optimal rendering modes

Increased informational throughput

Short Latency Expressive Modes:

Verbal/Linguistic

Visual

Kinesthetic/Haptic

Currently: primarily hand-oriented

Potentially: foot pressure sensors, head tilt

Bioelectric/magnetic

Long Latency Expressive Modes:

The Battery of Medical Tests Available

The Four Primary Rendering Modes:

Visual

Aural

Somatosensory

Vestibular

Rendering

Perceptualization

perceptual state space modulation

Spatialization

expansive spatialist

Enhanced expressivity

enhanced cognitive function

Computer-enhanced perception: Computation-based illusions

Virtual reality

Computationally altered perceptual states 


Computationally sustained parameter

VR in the Pediatrics unit

Experiential interaction

Feedback, Feedforward and Delay

Feedback: the sender provides information to a source of future effects affecting the sender.

Feedforward: the sender provides information to a receiver to modulate how the receiver processes other information

Adaptive systems

A system which monitors the activities of the environment and adjusts its behavior to reach a desired outcome.

Iterative refinement of control

Outcome based assessment

Empirically derived protocols

Application assessment

Intelligent interaction

Anticipatory adaptation

Emergent dynamics

Navigational heuristics

Spatial search strategies

Monitoring important features of a system

Mapping information flow

Monitoring flux rates

Automated trend analysis

Detection of some dynamic sequence

Need-specific information services

Informatic resource negotiator

Individual informatic services

Social empowerment

Providing the information needed and access to utilizable resources

Self-directed learning

  Youth and Education

Motivation

Collaborative communities

Remote participation of some task

Global and local community informatics

Infrastructure requirements

Community Links

Emergent networks

Spontaneous assemblage of communicating entities

Public access to wellness inducing technology

Medical databases

Job lists

Support groups

Emergent democracy

International policy

Accurate information delivered to both sides

Preventive diplomacy

Interventional action to decrease the probability of a non-optimal 

Global information exchange

Environmental modeling

Ecological systems

Impact analysis

Humanitarian issues

The prime reason to develop this technology

Health care education

Psychosocial interventions

Rural healthcare

Enriched recreation

Global Health
Mobile informatic bridge

 Embedded Knowbotic intelligence

Synthetic agents which search and query information based on the users needs and preferences

The phenomena of inducing wellness states

Technology which facilitates a maintained state of wellness

Wellness entrainment

Wellness preserving intervention

Interventional Informatics

Healing with Information

Dave Warner, Director

Institute for Interventional Informatics

24985 Lawton Ave.

Loma Linda, CA 92350

davew@well.com

The convergence of communication and computational technologies has created informatic systems which may be applied to social and cultural problems

When used appropriately, informatic systems have demonstrated the capacity to enhance the quality of life and to facilitate wellness of being through their applications in areas such as health care and education

interaction between informatic systems and the systems which they influence can be qualitatively and quantitatively modeled by generalized theories of complex adaptive dynamical systems.

Interventional Informatics is the intentional, proactive, utilization of informatic systems as complex adaptive systems to alter the course or outcome of a particular behavior

languaging tools

INTERVENTIONAL INFORMATICS

SPATIALIZATION OF INFORMATION

EXPRESIONAL SPATIALISM

EXPANSIVE SPATIALIST

Our lives are continually influenced by new applications of information technology.  

Informatic systems impact society at all levels, from personal and interpersonal dynamics, to global systems of immense complexity.  

Informatic systems have become so complex that their implementation causes certain unexpected behaviors to emerge.  

attempt to gain some predictability,

(take the public education and health care systems).  

fundamental lack of understanding of systems beyond a certain level of complexity. 

A Suggested Solution

our eternal journey to make the world a better placeexpression at all possible levels, 

recognize the need for a basic theoretical understanding of the dynamic relationship between information technology and society.  

understand how information technology is capable of affecting our lives 

we may respond proactively to avoid affects and to cause others.  

a need to understand information technology in order to respond reactively when it behaves unpredictably 

(understanding rarely means 100% predictability).  

reactive state, 

critical points,

state transitions, 

familiar patterns manifest in some system at some level and provide a meaningful link with an existing model.  

A major goal for complex information systems such as education and health care should be to reduce the costly reactive response by taking proactive steps with information technology.  

Interventional Informatics (II) 

pre-emptive, 

proactive,

preventive 

use of information and information technologies at critically sensitive points on a system’s information state trajectory.

Theoretical Foundation

“intervention

intervenes at a critical state in a third world country), 

involve some form of information 

acting either reactively or proactively at a potentially critical point in a system’s evolution 

to hinder or alter an imagined outcome, 

interventional act of informing someone may 

interventional informatics involves putting an information-based mechanism in place which uses the tremendous potential of information, applied at critical junctures to alter outcomes in a positive way.

transition from a reactive to a proactive state 

we can benefit from applying principles of complex adaptive dynamical systems to systems like the global communications network 

quantitative 

qualitative similarity in the dynamics of seemingly different systems. 

essential to recognize that the behavior of many complex spatially-distributed dynamical systems provide a metaphorical basis for some powerful interdisciplinary languaging tools.  

identify familiar system behaviors 

formal methods of analysis may be applied.

Social Systems and Their Respective Levels of Complexity

levels of complexity at which information technology’s importance manifests.  

the individual, 

interpersonal 

(intimate/non-intimate), 

group, 

community, 

district, 

city, 

county, 

state, 

region, 

country, 

continent, 

hemisphere, 

planet.  

In academic medicine, a common non-intimate interpersonal system which manifests in different contexts but exhibits similar behaviors.  

It consists of one person who is being assessed and the other doing the assessment.  

physician /patient, 

the physician /student, 

student/patient.  

License Commissioner/physician 

Medical school Accreditor/Dean et al.

In systems, interaction is bi-directional boundaries blurred.  

system components should be providing informative feedback about performance, and adapting accordingly.  

simple examples of complex adaptive systems whose behavior differs in detail, but are quite similar

 information technology may be beneficially applied.  

a process of learning and assessment through informative feedback.  

to maintain proper function, it is critical to determine how information technologies are best applied to these systems.

The Role of Information Technologies in Assessing Learning and Performance

improved retention, recall, and understanding may result from basic processes.  

improved fidelity of the information being processed,

a more accurate rendition of an existing representation.  

modeling and simulation of a system, 

academic medicine, 

the case-based curriculum.  

creation of a rendition richer in information 

the nature of meaningful associations made through an increase in clarity, strength, or number of associations.  

principles of dual-coding, 

perceptualization 

active learning.  

Interactive information technologies 

technology which responds in a nonarbitrary way to input from a userand evokes a response from that user

virtual reality technology, may merge learning processes

emphasize the important role of creativity 

information-rich (rule-based scientific) 

entropy-rich (artistic narrative)

important to become adequately informed and capable of expressing information to others at all levels. 

opportunity to develop expressive abilities unhindered,

Case Studies in Interventional Informatics: Work In Progress

an eight year-old girl named Ashley and a nine year-old boy named Trent.  

Ashley, and Trent are physically challenged.  

they have learned to play video games, interact in meaningful ways with 3D objects in a virtual world, and drive a car, all with just their faces!  

By integrating off-the-shelf computer and data acquisition technologies with custom interactive software and hardware, we have created a system in which an individual may control their environment through their body's bioelectric signals , such as their muscles, eyes, and brain. 

a system in which a user may use their ability to control these signals in order to remotely control a robotic device, in this case the speed and direction of a small battery powered car equipped with stereographic cameras, microphones, speakers, and lights.  

The car receives visual and audio information from its environment, transmits it to the user, and receives controlling signals and audio from the user in response.

the informational intervention in the process of Ashley and Trent becoming more empowered to learn

information trajectory 

identifying system components and key points of intervention.  

The trajectory delineates the informational basis of a cognitive cybernetic loop.  

It is divided into a path representing the direction in which the user’s abilities are manifested, and a path representing the motivational feedback which makes the interaction a reality.

Ability

the path representing ability contains one of the most important points of intervention, the bioelectric controlling software (BEC). 

informatic intervention at the device level is more but no less critical.  

software is used to calibrate the muscle signals and to define complex sets of gestures for various navigational tasks.  

These gestures suggest the term cyberlinguistics, 

‘cyberpidgin’; a collection of functional but grammarless phrases useful in commonly occurring interactions.  

these pidgins may develop into Creoles and ultimately full-blown languages as the need evolves.  

This suggests the potential for information technology as a foundation for some remarkably unique languaging tools.  

The task is to develop the cyberlinguistic navigational heuristics to use them.  

The successful operation of the system by Ashley or Trent hinges on the adaptability of this software.  

auto-adaptive systems yet another way of intervening at a critical point to enhance a user's expressive capacity.

Motivation

In rehabilitation motivational feedback can be critical to rapid therapeutic progress.  

the motivational component of this system, 

intervention is critical in the choice of rendering modes.  

By selecting 3D spatial perception display modes, mediums significantly more faithful to the source than text or 2D sound and video, we provide a foundation for increased perceptual associativity.  

Ashley and Trent have become mobilized spatially-distributed vehicles of sight and sound.  

Through their learning and adaptive skills with their face muscles, they are now spatiotemporally extended well beyond where they were only a very short time ago.  

with the proper interactive informatic toolkits, navigational skills may be used in an abstract way 

Ashley or Trent will have  the opportunity to meet together in a world of their own making  someday soon    

Thanks to Trent and Ashley and a few others like them, in just a short time we have learned a great deal about complex adaptive systems; 

look at their faces while they’re playing.

Modeling Complex Adaptive Behaviors

There are several properties of complex dynamical systems which may be useful in modeling the effect of information on society.  

important properties are nonlinear response and control parameters.  

nonlinearity implies that the magnitude of a system’s response to some input is not directly proportional to value of that input,

in fact it is usually far from linear.  

the state of the system prior to the input of information strongly influences the response of the system to that input.  

certain parameters in the system strongly bias the response potential for a given input.

control parameters may be modified either internally or externally, thus providing a choice of mechanisms for altering a system's response potential.

Useful Similarities in Apparently Different Systems

the global information networks such as the Internet,

bioelectric-controlled telepresence

Ashley using electromyographic (EMG) signals from her face in order to perform telerobotics.  

Control parameters in the Internet might be the number of on-line information servers globally, or the number of users with hypermedia-based network browsing programs like Mosaic or Netscape, 

a measure of complexity (an order parameter) might be the average rate of information flow.  

the number of sensors capable of being attached to Ashley’s face, or the number of gestures available simultaneously for her to manipulate might serve as control parameters

As we vary control parameters, the complexity of the systems evolves, and we expect to observe rapid, distinct, and highly nonlinear transitions in their behavior.

the rate of increase in traffic (information flow) on the Internet,

a function of the control parameters mentioned above.

Traffic jumped when the first multiple OS World Wide Web browsing program (NCSA’s Mosaic) began distribution
a corresponding situation exists in bioelectric telepresence, such that increasing the number of degrees of freedom (sensors) available to Ashley or the combinatorial capacity of the gesture definition software should lead to critical transitions in information flow.

tested empirically, such behaviors have been observed in learning procedural tasks similar to those in this system
Ashley or Trent require an extended study involving in part some intentionally controlled limitation of their capacity to interact with their world.  

not worth the aggravation and frustration such constraints place on children who are already constrained by their disability.

The Future

Where else might interventional informatics be applied?  

We used information technology proactively by anticipating the general need for Ashley and Trent to communicate with their families and friends, 

we were surprised at the creative behavior of siblings and friends and what it implied: that not only were Trent and Ashley more empowered to interact with their world, the car provided part of Trent’s world, his siblings and friends, with a “vehicle” to interact with him, too!  -jumping in front of it, picking it up and flying it around.  

unanticipated behavior may emerge in other ways at other levels, and it should be accounted for in an accurate model of the system.

We are actively exploring the areas of somatosensory and vestibular experiences

Many of those who are confined to a wheelchair lack much of the usual variety of these perceptual experiences.  

We are exploring how immersion in low frequency high amplitude sound, using speakers external and internal to the equivalent of a high tech Lazy Boy, can cause a meaningful somatosensory-induced deep visceral experience.  

We are also attempting to combine this with a vestibular component using motion platforms or suspension systems.  

These efforts represent our emphasis on perceptualization, 

we define as the integrative experience of consciousness as the primary rendering state.  

response to the severe visual bias so common in information technologies,

it refers to the integration of multiple sensory processors and their basic spatiotemporal pansensory features such as frequency, intensity, and complexity.

On a global scale, the telecommunications media have provided us with an initial link to some of those in society who could dramatically benefit from these technologies, 

not a reliably predictable medium for a formal informatics mechanism.  

Our ability to manipulate the telecommunications media in it’s current state is severely limited as a result.  

It is critical that a more formal informatic infrastructure be put in place which eliminates any reliance on luck to reach patients in need.  

The information superhighway offers promise towards this goal.  

It certainly allows us to test some of the most important ideas about complex adaptive systems.  

Interaction occurs on the Internet at many levels, with varying complexity, but with a common purpose, to proactively share information.  

The concept of “pulsing the net” at a critical state with information evokes images of echolocation, cybersonar.

Conclusion: Dynamical Similarity at Varying Social Scales

at a more basic and personal level, we recognize that each one of us has emergent adaptive qualities in common with our environment,

 we may more readily recognize critical points in information flow between components of a system, and across systems of varying levels of complexity.  

Herein lies the essence of proactive informative behavior we observe in many other systems dependent at least in part on information technology.  

Our relentless need to communicate, and understand these technologies,

recognition of the relevant critical states of systems, should result in a dramatic increase in expressive capacity for at all levels

all towards making the world a better place.

For further information, please contact:

Dave Warner, Director

Institute for Interventional Informatics

24985 Lawton Ave.

Loma Linda, CA 92350

davew@well.com

ph: 909-799-3000

fax: 909-799-6106
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 A Biologically Responsive Interactive  Interface

"Adventures In The Next Paradigm Of Human Computer Interaction" 

Human Performance Institute

Loma Linda University Medical Center

  
the capacity of computers to receive, process, and  transmit massive amounts of  information is increasing. 

New human-computer interface technologies have given us devices which greatly enhance our ability to interact with increasing flow rates of information.

Interactive interface technologies emerging from human-computer interaction 

Directly sensing bio-electric signals as inputs

(from eye, muscle and brain activity)

Rendering information in ways that take advantage of  psycho-physiologic signal processing of the human nervous system 

(perceptual psychophysics). 

The next human-computer interface will optimize the technology to the physiology 

-- a biologically responsive interactive interface. 

Interactive information technology 

Interactive information technology is technology which augments our ability to experience information in an interactive mode. 

Create / express / retrieve / analyze / process / communicate / 

Biocybernetics optimizes the interactive interface, 

A technology that can profoundly improve the quality of life of real people today. 

The next paradigm of interface technology  is based on theories of human-computer interaction which are physiologically and cognitively oriented.  

This emerging of human computer interaction  incorporates multi-sense rendering technologies, 

Giving sustained perceptual effects, 

Natural user interface devices which  measure multiple physiological parameters simultaneously and use them as inputs.  

Biologically optimized interactive information technology will facilitate effective communication.  

This increase in effectiveness will impact both human-computer and human-human communication, 

"enhanced expressivity".  

Human-computer interaction 

Ongoing endeavor

Efforts have captured the attention of several professional societies; 

The entertainment industry, 

The aerospace industry, 

Communications

Educational technologies industries

Medicine. 

Diverse areas  will all be  impacted in multiple ways

Advances in technologies that enhance human-computer interaction. 


optimizing the human computer interface will rely on physiology and neuroscience

The more we know about the way we acquire information physiologically  the more we know the optimum way for a human to interact with  intelligent information systems. 

The next paradigm will see interface map very close  to the human body.

Physiologically oriented interface design

Sensory physiology and perceptual psychophysics is used to optimize our future interactions with the computer. 

Number and variation

By increasing simultaneous sensory inputs, we can make the body an integral part of the information system, 

"a sensorial combinetric integrator". 

Identify the optimal perceptual state space parameters  in which information can best be rendered. 

What types of  information are best rendered to each specific sense modality, 

"a sense specific optimization of rendered information. 

Research in human sensory physiology, specifically sensory transduction mechanisms, 

Designs in our nervous systems  optimized for feature extraction of spatially rendered data,   temporally rendered data, and   textures. 

Models of information processing based on neurophysiological 

Enhance perception of complex relationships by integrating visual, binaural, and tactile modalities. 

Natural bioelectric energy as a signal source for input; 

Electroencephalography, 

Electroocculography, 

Electromyography 

(brain, eye and muscle) 

We can generate  highly interactive  systems in which biological signals initiate specific events. 

Real-time analysis enables multi-modal feedback and closed-loop interactions.




"biocybernetic controller" 

Interactive interface technology  renders content specific  information onto multiple human sensory systems giving a sustained perceptual effect, while monitoring human response

Physiometric gestures, 

Speech, 

Eye movements 

Quantitative measurement of activity during purposeful tasks allows us to quantitatively characterize individual cognitive styles. 

A powerful tool for characterizing the complex nature of normal and impaired human performance. 

Systems will monitor a user's actions, learn from them, and adapt

Varying aspects of the system's configuration to optimize performance. 

By immersion of  external senses and iterative interaction with biosignal triggered events complex tasks are readily achieved.

Providing opportunity

Mass communication and information technologies facilitate the rapid 

Increasing the individual productivity of persons involved in the information industry.  

Computer-supported cooperative work, 

Knowledge engineering, 

Expert systems, 

Interactive attentional training,

Adaptive task analysis 

Changed fundamentally by this increase in informatic ability. 

Psycho-social implications of  this technologically mediated human-computer and human-human communication are quite profound.  

Providing the knowledge and technology required 

To empower people to make a positive difference with information technology

An attitude of social responsibility towards the usage of this technology 

A profound step forward in modern social development. 

Applications which are intended to improve quality of life, 

Applications in medicine,

 education, 

Recreation 

Communication 

A social priority. 

 using technology to improve quality of life

Technological capability to improve quality of life can be best understood  when it is actualized into the lives of real people with real needs. 

The human performance institute 

Loma linda university medical center 

An interdisciplinary research center 

Leading the effort to utilize human computer interface technology to "make the world a better place".

Primary research areas 

Developing interactive interfaces which enable severely disabled individuals to lead productive lives, 

Design of systems which support experiential interaction with information systems to help maintain a state of general good health.

Real world cases demonstrate the utility of this technology to change the future of disabled individuals.


-crystal, an 18 month old  "c1 quadriplegic" (complete paralysis from the neck down, requires a respirator in order to breathe) was the first person to  use this biocybernetic technology in a medical setting. 

Processing of a biological signal enabled this child to interact in real time with the displays on the monitor,

"her eyes became her hands" 

Generating commands 

The activity was direct, the implications profound: 

She was able to enter into loop where direct real time response to a physiological signal was used to modify and improve her capacity to learn and interact with the world willfully


-andy, a 10 year old  c2 quadriplegic whose speech is confined to the breathing patterns of his respirator requires better than a minute  to make a verbal request 

In a spatialized environment where commands from facial muscles enabled him to "fly around" in a 3d computer environment. 

The first time in years where he was able to willfully control something in his environment without the aid of others.  




- a 17 year old car accident victim who was motivated to rehabilitate his impaired psycho motor skills  through an "air guitar" 

Interactive system converted the weak bioelectric signals from his impaired muscles into "rock and roll" music.


the biocar, a primitive yet functional demonstration of telerobotic devices under direct biocybernetic control. 

The biocar is a simple demonstration of how the biosignals can be used to control objects within an environment.  

A remote control car from modified so that it can be controlled from the parallel port of a standard pc.  

Discrete functions that the car can perform 

Forward, forward left, forward right, stop, reverse, reverse left and reverse right 

Three sets of electrodes control all of the functions (23=8). 

Software is responsible for  interpreting the bioelectric signals from the user and sending commands to the remote control car. 


-michael, a 27 year old engineer recently paralyzed in an auto accident was able to navigate the biocar through a very complicated course using the muscles of his face and arms. 

The same system could be easily adapted to control his wheel chair or some type of robotic arm. 

The potential to empower the disabled to become functional members of society can be realized through biocybernetic interface design.


the next effort of our lab was to expand the utility of this biocybernetic controller. 

We modified a nintendo game to accept commands from our system as if they were coming from the regular hand controller. 

This simple modification allows disabled children to use whatever muscle activity they have control of to play the same games as normal children. 

This generalized biocybernetic controller opens up an enormous resource of compelling games which can be integrated into rehabilitative therapy. 

From the control of virtually nothing to really something, 

We can get coordinated motion from patients at a much earlier time. 

Instead of some arbitrary task, they can work with computer objects that have specific motions associated with them; 

Getting  the associated feedback of watching themselves pick up a virtual object even though you may lack the physical strength to pick up a real object.

Focus on adapting the biocybernetic controller to functional information systems. 

The capacity to operate interactive educational multimedia systems 

Open a whole new area where human expressivity can be optimized

Applications that customize an educational environment to the capabilities of an individual.

Cybernetic hedonism

Focus of our efforts in developing highly interactive, biocybernetic systems where biological signals can modify parameters

Environmental chambers

Allowing the user to bioelectrically interface with spatialized environments. 

We believe

Physiologically modulated environmental systems may have a health preserving function. 

Interfaces to control stimulation can adaptivly utilize any biosignal. 

The capacity to  create a stimulus that accelerates relaxation and facilitates stress reduction. 

This is wellness maintenance technology

. 





"the nirvana express"




the microscope of the mind

Extend environmental control systems into new methods of investigative research. 

A test of basic cognitive functionality 

Capacity to maintain attentional focus necessary to complete an iterative series of cognitive tasks.  

Data fusion of sensor data with user interaction parameters allow meaningful correlation's of performance modalities

Identify a qualitative  difference between the two performance/behavior states and then investigate various methods of quantifying that difference in a way that can be generalized. 

A cognitively induced modulation of some of the natural rhythms

Consistent in an individual but different between individuals. 

Psycho-social-behavioral nature of individuals factors into assessment of their cognitive function. 

Indicators of cognitive function

Short-intermediate-long term memory, 

Sound judgment 

Ability to identify similarities in related objects. 

Performance of cognitive functions are a strong indicator of the biologic health of the brain. 

Poor performance  is correlated with organic brain dysfunction.  

The potential of biocybernetics is limited only by the imagination(and funding) of the users

Physiological considerations in the human computer interface

Emerging human computer interaction

Multisense rendering technologies

Natural user  interface devices. 

Developing the technological components 

Interface is mapping onto the human body 

Physiological principles and considerations
Sensory transducation menhanisms

How much energy, in what form for a stimulus  

Provide a reproducable sensation

Transducer characteristics as a function of stimulas freqency, intensity or duration?

Periferal feature extraction;

Nature of the receptive field? 

Effect of latteral inhibition or excitation

Local receptive field 

Receptors/transducers of other modalities?

Perceptual psycho-physics

Relationship between the stimulas changes and perceptual changes? 

Which modality is optimized to represent the different types of information 

(state vs dynamic) 

Many simultanious sensory stimulations are integrated by the nervous system to give a perceptual state which includes information from each stimulas

Physiometric phenomena as input

Biophysiological phenomena gererates energy in a mode which can be quantified and used as a computer controler

(electro-oculography, eeg , emg, skin resistance etc.)

