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��1.0  Introduction



1.1  Background�tc "1.1  Background"�



	The Directorate for Information Technology, Office of the Assistant Secretary of Defense (Command, Control, Communications, and Intelligence) Information Management (OASDC3I(IM)/IT), is responsible for overseeing the Human Computer Interaction (HCI) program for the Department of Defense (DoD).  HCI integrates Human Computer Interface and Human Factors Engineering concepts for a total program of human interaction with the computer.  Human computer interface includes the modes by which the human user and the computer communicate information and by which control is commanded, including areas such as:  information presentation, displays, displayed information, formats, and data elements.  Human Factors Engineering applies knowledge about human capabilities and limitations to system or equipment design and development to achieve efficient, effective, and safe system performance at minimum cost and manpower, skill, and training demands.  Additionally, Human Factors is the discipline that tries to optimize the relationship between people and technology.



	Corporate Information Management (CIM) is a strategic, collaborative management initiative to guide the evolution of the DoD enterprise and take advantage of the benefits of the information revolution.  It represents a partnership of functional and technical management to achieve a combination of improved business processes and effective application of information technology across the functional areas of the DoD.  Enterprise Integration (EI) is the CIM key implementing strategy for meeting the formidable new challenges DoD faces as it moves toward the 21st century.  EI allows DoD to optimize the use of information as a strategic resource to:  manage more effectively; bridge functional and technical boundaries within DoD; forge closer ties with other Federal agencies, industry, allies, and coalition partners; and increase flexibility and agility.  HCI permeates all functions of EI which are envisioned to enable Defense leaders to bring all information systems capabilities to bear successfully on every assigned mission.



	The DoD currently discusses and coordinates HCI issues through two avenues:  (1) the DoD Human Factors Engineering Technical Advisory Group (HFE TAG), created by a Tri-Service Memorandum of Understanding; and (2) the Human Factors Standardization Program Plan (HFAC) under the auspices of the Defense Standardization Program, as guided by the Human Factors Standardization Steering Committee.



	The HFE TAG coordinates and communicates research and development at the working level among the services and other Government agencies involved in Human Factors Engineering.  Topic areas of HCI are discussed and coordinated under the subgroups and working groups composed of multiple representatives of DoD Components.  The periodic nature of these meetings makes the process of developing DoD-wide HCI standards, handbooks, guidelines, and style guides a slow one.



	The HFAC has provided the framework around which particular standards development and revision are organized.  These standards activities cut across HCI subject areas and their respective categories.  At the OASDC3I policy level, Graphical User Interface (GUI) standardization was the subject of the DoD Information Technology Policy Board (ITPB) Policy Proposal # 91-39, “Adopt a Standard DoD Policy for Graphical User Interfaces (GUI).”  This policy calls for the establishment of a consistent user interface to permit mobility of people across different applications, platforms and operating environments.  It is being implemented through three tasks:



1)	Developing an initial DoD Style Guide for a consistent GUI for window management systems across different DoD platforms;



2)	Extending the DoD Style Guide to include “point and click” features for the underlying applications, standard features for the command line keyboard interface and context-sensitive help; and



3)	Developing a transition strategy for migrating from existing inconsistent user interfaces to a GUI compliant with the DoD Style Guide.



	The DoD Human Computer Interface (HCI) Style Guide, referred to hereafter as “the Style Guide,” sponsored by OASDC3I(IM)/IT and published by the Defense Information Systems Agency (DISA) Center for Standards (CFS) represents current DoD policy regarding the human computer interface, as well as a step toward DoD’s goal of an open systems environment.  With special emphasis on the Open Software Foundation (OSF) Motif and Open Look GUIs, it contains a comprehensive set of  “look and feel” guidelines that can be applied to different GUIs.  Version 3.1 of the Style Guide is integrated into the Technical Architecture Framework for Information Management (TAFIM).



1.2  Purpose�tc "1.2  Purpose"�



	This document is a supplement to the ongoing OASDC3I(IM)/IT enterprise integration effort for HCI.  It describes a concept plan for DoD coordination of HCI-related activities and the integration of HCI-related technologies.  It presents a framework for the integration of new and emerging HCI technologies and standards, guidance, policies, and procedures used in the development of DoD information systems.  In keeping with the DoD enterprise integration strategy, one of the goals of the concept elements presented in this document is to enable military commanders to achieve the highest effectiveness, agility, and efficiency in their operations.  One way that this will be achieved is through the effective use of human systems integration processes when information systems are being upgraded or fielded.  Since HCI is at the very heart of computerized information access, an HCI component is envisioned for the enterprise integration strategy to impact the delivery of information and the integration of information systems.







1.3  Scope�tc "1.3  Scope"�



	The technologies discussed in the concept plan are expected to provide innovations in the areas of information transfer, information management, and tactical display and control.  Although most of the technologies and issues addressed are directly related to user interaction with computers, some of the included subjects are addressed because they have relevant, but indirect, effects on computer users.



	HCI-related integration efforts are central to the DoD enterprise integration strategy.  This strategy, which presents a model for functional and technical integration of the DoD infrastructure, incorporates integrated planning and direction, organizations, processes, human resources, financial resources, information and information systems, and physical assets.



	HCI technologies and issues are not limited to the strategic level of enterprise integration.  They are pervasive through all levels of DoD.  As Figure 1-1 indicates, wherever and however computers are used in supporting the DoD core processes, from word processing and database management to supporting DoD enterprise integration, HCI technologies and issues are involved.  HCI-related efforts can be viewed as using technology to enable people to create an integrated DoD enterprise.







�

Figure 1-1.  Human Computer Interaction (HCI) Is Active in All DoD Core Processes





1.4  Document Organization�tc "1.4  Document Organization"�



	The concept plan contains the following:



1)	Background discussions of the functional elements, issues, and emerging technologies comprising and affecting HCI program integration and their significance and benefits to DoD,



2)	Discussion of the relationship of HCI to CIM and EI and other initiatives regarding technology insertion, and



3)	Discussion of methodology for implementing DoD HCI integration based on an information repository through the Internet.



	Chapter 2 provides the description and technology status of the functional elements comprising HCI with particular emphasis on health and user issues, including ergonomic considerations and such emerging technologies as artificial intelligence, personal digital assistants, and speech recognition.  Chapter 2 also discusses return on investment for these HCI functional elements.  Chapter 3 discusses the CIM and EI strategies and the complementary nature of HCI integration implementation with these initiatives as well as an ongoing Air Force initiative for technology insertion.  Chapter 4 provides the goals for achieving HCI program integration, envisions an HCI program process featuring technology insertion through an information repository established on the Internet, and discusses issues to be resolved before an implementation plan can be prepared.

�2.0 HCI Major Interest areas



2.1  Introduction

�tc "2.1  Introduction"�

	Table 2-1 shows subject area elements adopted for the DoD HCI Concept Plan categorized under the major subject areas of Issues, Technology, and Acquisition, Displays, Controls, and User Interface.  The following sections discuss the subject area elements and



Table 2-1.  Human Computer Interaction Major Subject Areas and Their Elements



�



related topics such as virtual reality interfaces and personal digital assistants (PDAs), and the DoD components leading or supporting these activities.  This section concludes with a discussion on the role of Return On Investment (ROI) analyses in HCI integration.



2.2  Issues

�tc "2.3.1  Discussion"�

	This section discusses many HCI-related issues that have not been addressed in DoD domain, enterprise, or enterprise-integration level documentation, or that warrant special attention.  These issues are grouped into the subject areas of computer related health issues and user issues.  Table 2-2 lists the prominent issues that fall under each of these areas.



Table 2-2  HCI Issues



HCI Issues��Health Issues

- Psychological Issues

- Computer Related Health risks

- Ergonomics



�User Issues

- Access for Disabled

- User Knowledge and Experience Level

- Environmental Protection

- Telecommuting��

�tc "2.3.1.1  Issues"�

	The 1990s are bringing dramatic new technologies into the work environment and introducing new uses for existing technology.  However, health and safety concerns have elevated issues of human factors in the minds of Information Technology (IT) professionals.  There are many potential benefits from addressing user and health issues, many of which are mentioned in the issue descriptions that follow.  A more quantitative analysis of the return on investment for these issues is included in paragraph 2.6.



2.2.1  Computer Related Health Issues�tc "2.3.1.1.1  Computer Related Health Issues"�



	While the scope of this subject area is very broad, particular attention will be paid to specific user health issues that have drawn the most attention.  Many of the issues raised here may be addressed through awareness, training, and basic precautions by management.  The areas of computer related health issues that are briefly discussed here include psychological issues, computer related health risks, and ergonomics.



2.2.1.1  Psychological Issues�tc "2.3.1.1.1.1  Psychological Issues"�



	Lost productivity due to stress-related illness in the office environment is on the rise.  This has led to more emphasis being placed on the human element of computing.  In industry, IBM has formed an organization to identify technologies and to explore methods that will enable computing paradigms to build on the innate and cognitive aspects of human behavior.  Similarly, Claris Corporation has created a full-time staff position, filled by a psychologist, for the sole purpose of studying users reactions to computer software.

�	User perceptions of the office environment greatly influence their emotional state.  Physical illness can often be linked to stress.  For persons who are apprehensive about using computers, stress can arise when forced to use them.  Advancements in user interfaces, particularly GUIs, has helped reduce stress-levels in inexperienced users.  However, where such phobias continue, productivity is lost due to stress-related illness.  It is incumbent upon IT professionals to be proactive in advancing updated concepts in workplace design and procedures to reduce workplace related stress.  Improving the workplace environment involves promoting changes in job design, increased and improved training, educating management in the importance of human resources, and the promotion of ergonomic solutions.



	Illnesses can be psychosomatic in origin and should not be taken lightly.  Some physicians feel that a significant percentage of all illnesses have psychosomatic roots which tend to manifest themselves in real illnesses if not addressed early.  No matter what the cause of illness, the point is that productivity is lost due to stress-related illness.  Efforts must be made to alleviate this problem wherever possible.



	Environmental conditions may add or reduce stress.  Often job redesign involves the HCI discipline of Human Factors Engineering.  This is accomplished through the analysis of the office environment to re-engineer the way people do their jobs.  Also, changes in management practices may be required.  If management is made aware of the effects of excessive stress in the office environment and of the improved productivity that results from stress-reduction, they may be motivated to make improvements.  The basic elements of the workplace environment that should be examined to reduce stress are light, air comfort, noise level and intensity of work.  Lighting and its relationship to the computer monitors are large factors in eye strain (discussed further below) and stress that may result in eye discomfort.  The key is to avoid glare and bright spots on the monitor and keep the surrounding light sources at a 90 degree angle from the monitor.  Air comfort varies with the individual, but low humidity and poor air quality may add to psychological stress.  Noise from the CPU, disk drives, and background sources, which may also cause stress, need to be kept at a minimum.



2.2.1.2  Computer Related Health Risks

�tc "2.3.1.1.1.2  Computer Related Health Risks"�

	The need for protection against possible health problems and injuries caused by computer equipment is the subject of much debate and research.  Visual display terminals (VDTs), also termed cathode-ray tube (CRT) monitors, are of primary concern since they are often blamed for headaches and eyestrain.  A more common computer-related health hazard being addressed by ergonomic designers is Repetitive Strain Injury (RSI).  Workers’ compensation claims related to RSI are skyrocketing, and many lawsuits against employers have been filed.  It is prudent to be concerned about various health risks associated with computer use, since effective methods of prevention, particularly ergonomics, are readily available.



2.2.1.2.1  Visual Display Terminals�tc "2.3.1.1.1.2.1  Visual Display Terminals"�



	Visual Problems.  Staring at a VDT for long periods of time may cause eye strain.  Eye strain may in turn cause headaches and other problems.  However, it is important to note that the eye strain is not directly related to the VDT but is produced by long periods of close focusing with little or no relief.  Additional problems can occur when the VDT is incorrectly placed in relationship to other lighting sources and windows.  Overhead or other lighting should not reflect on the monitors.  If light sources are too bright, wattage should be reduced or the monitor shaded.  If a window is prominent in the workspace, attempts should be made to place the VDT at a 90 degree angle from the window.  Backlighting from windows towards the user looking at the VDT should be reduced as it may cause additional irritation.



	The American Academy of Opthamology contends that there is no evidence to conclude that staring at a computer monitor causes permanent eye damage.  However, computer screens can certainly cause eye strain and temporary vision problems.  Most problems can be directly attributed to the amount of lighting and the associated glare and reflections from the screen and improper ventilation.



	Radiation Problems.  The concern about the effects of radiation from VDTs and, particularly, their effects on pregnancy have been raised by women’s groups.  Several studies have been conducted, including one by the American Medical Association (AMA), which concluded:  “No association has been found thus far between radiation emissions from VDTs and reported spontaneous abortions, birth defects, cataracts, or other health injuries.”  The report did note that most complaints of health effects are most apt to result from stressors peculiar to the work environment (as discussed earlier) or be ergonomically related.  However, even the association of computer use with pregnancy complications can increase the probability that complications will occur.  This is a clear example of a physical problem with psychosomatic roots in that the publicity and perceived dangers far exceeds the real threat.  It is these perceived dangers that can cause complications.  During the last two years, manufacturers have been producing monitors that comply with the universally accepted Swedish Board for Measurement and Testing (MPR II) guidelines, and a few conform to the stricter Tjaenstemaennens Central Organization (TCO) guidelines.  It is important to be aware that the strength of the radiation decreases in proportion to the square of the user’s distance from the monitor.  Most experts claim that one arm’s length is adequate safe distance.



2.2.1.2.2  Repetitive Strain Injuries (RSIs)

�tc "2.3.1.1.1.2.2  Repetitive Strain Injuries (RSIs)"�

	RSIs, cumulative trauma disorders (CTDs), or repetitive motion injuries (RMI) are all synonyms of manifestations of muscle, tendon, and nerve injuries.  These injuries, such as carpal tunnel syndrome, develop as a result of repetition of the same motion over a long period of time, damaging nerves or muscles.  These problems are often diagnosed as tendonitis and muscle fatigue and more seriously carpal tunnel syndrome.  Despite the fact that there is no proven link between VDT workstations and CTDs and RSIs, the occurrence of these injuries is accelerating, as is the frequency of law suits filed against employers.  Computer-related RSI health hazards are being addressed by ergonomic designers.  Although medical research results and recommendations are somewhat vague due to lack of hard scientific evidence, workers’ compensation claims related to RSI are continuing.  Managers need to be aware of these injuries and explore possible preventative measures or risk exposure to law suits.  Prudent management, which addresses CTD and particularly RSI, can be most effective in preventing many of the health problems.  Table 2-3 shows the health risks and simple prevention measures that may be taken.



Table 2-3.  Information on Computer-Related Health Risks



�









	Managers need to inform users that they should fully utilize any personal computer (PC) programmatic or special features available to reduce stress.  Users should reduce typing by storing commonly used phrases as macros and retrieving them with simple keystroke commands.  Also, word processors should be set to automatically correct commonly misspelled words.  Mouse usage should be avoided.  The mouse should be gripped lightly, and 'clicks' should be minimized.  If the PCs support voice commands, the staff should use them as often as possible.  Finally, if the work environment is intensive, hourly breaks should be built in.  Software is available to remind workers to take brief breaks.  During breaks, workers should do unrelated tasks, stretch arms and legs, and focus their eyes on distant objects.



2.2.1.3  Ergonomics�tc "2.3.1.1.1.3  Ergonomics"�



	Ergonomics is a science that incorporates the physical and psychological characteristics of human beings into the design of the work environment to make it:



1)	Easier, safer and more comfortable to use, and



2)	Easily adjustable rather than forcing an individual to adapt totally to the environment.



Many office-related stresses and RSIs could be reduced through the implementation of ergonomic principles.  Such principles include improved hardware design, furniture arrangement, improved posture, and general changes in work habits, such as taking more frequent but shorter breaks.  Ergonomic standards that embody these principles are developed through the American National Standards Institute (ANSI) and the International Standards Organization (ISO).  Conformance to ANSI and ISO standards is not required by law in the U.S., but ISO standards are the law in Europe.  U.S. companies often comply with ISO standards because they want to offer their products globally.  One such standard is ISO standard 9241, which includes specifications for maximum wrist angle, type of hand motion, and the shape of pointing devices.  The Occupational Safety and Health Administration (OSHA), part of U.S. Department of Labor, has been developing an “ergonomic standard” that would cover more than 120 million workers. Only very small companies will be exempt from compliance.  When the full details of the General Agreement on Tariffs and Trade (GATT) treaty become known, the U.S. approach to guidance may need to be revised.

	

	Figure 2-1 shows an ergonomically positioned workstation that incorporates principles that must be considered when designing the office environment.  An entire industry has emerged geared toward retrofitting offices to make them safer for computer users.  Managers need to keep abreast of the latest design changes in monitors, keyboards and other input devices, as well as new furniture designs and workstation arrangements.  Being ergonomically correct may prevent �



Figure 2-1.  An Ergonomically Positioned Workstation





�







some of the discomfort associated with RSI.  The most significant innovation in input device design may be personal dictation systems which allow direct transcription of spoken text into a word processing format.  Examples of ergonomically designed equipment include adjustable chairs that support the back, and desks that are fitted to position the monitor at eye level and the keyboard at elbow level.  A downside of being ergonomically correct is that it can be expensive.  Much of the equipment has been developed recently, so there is not yet a market for second hand equipment.  Table 2��4 details proper ergonomic considerations.



	Another opinion takes the position that ergonomic innovations are exacerbating rather than helping problems such as RSI.  Unfortunately, not many independent organizations exist that will verify the ergonomic claims of manufacturers.  The purchase of so-called ergonomically designed equipment is not enough to prevent RSI in the computerized workplace.  For ergonomic principles to have their full beneficial effect, management must educate itself on the proper use of equipment and then establish programs to train employees.



�

Table 2-4.  Ergonomic Considerations
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2.2.2  User Issues�tc "2.3.1.1.2  User Issues"�



	Similar to Health Issues, the subject of User Issues is potentially very broad.  For DoD purposes, attention will concentrate on access for disabled, user knowledge and experience level, environmental protection, and telecommuting.



2.2.2.1  Access for Disabled�tc "2.3.1.1.2.1  Access for Disabled"�



	The multidisciplinary field of rehabilitation engineering has provided dramatic advances in equipment that offsets physical limitations.  The goal of rehabilitation engineering is to develop products and aids to enable people to overcome disadvantages.  In many cases, the product innovations resulting from the work of rehabilitation engineers allows individuals with disadvantages to become more independent and more productive.  However, the variety of disabilities and technical solutions to compensate for them makes it difficult for IT managers to select or recommend appropriate systems for disadvantaged users.



	Technological developments and resulting trends in this field often have applications beyond their original intent.  For instance, speech recognition, virtual reality interfaces, speech generation, and the emerging trend of telecommuting all have applications beyond the realm of the disadvantaged worker.  These technologies are addressed elsewhere in this Plan.  The 1990 Americans with Disabilities Act prohibits discrimination against the disabled in employment and public service.  This is an important aspect of HCI, but a full accounting is beyond the scope of this document.  Further inquiries should be addressed to the Computer Electronic Accommodation Program at the Defense Medical Systems Support Center, Falls Church, VA.



2.2.2.2  User Knowledge and Experience Level�tc "2.3.1.1.2.2  User Knowledge and Experience Level"�



	Most information system designers assume a base level of user experience.  However, particularly in the DoD environment of frequently changing assignments, office automation (OA) and command center personnel actually have user experience across five levels:  1) novice, 2) casual user or inexperienced but not novices, 3) casual or moderate experience, 4) experienced, and 5) expert.  Therefore, the interface designs have to meet the needs of novices and sporadic users as well as expert users.  This means that the functions behind the application buttons must be kept in focus and data entry demands eased by providing clean, sensibly organized screens.

	

	Additionally, when introducing new systems or upgrading existing systems with new technologies, other individual human factors come into play across all experience levels.  The successful fielding, upgrading, or added functionality of information systems can be affected by a given individual’s resistance to change and willingness to explore, the capabilities of information systems, normal time factor in project completion, security requirements, and the average age of user community.



2.2.2.3  Environmental Protection

�tc "2.3.1.1.2.3  Environmental Protection"�

	Microcomputers account for a significant portion of the energy used by U.S. businesses and for five percent of total electricity use, according to the Environmental Protection Agency (EPA).  The EPA’s Energy Star guidelines, introduced in 1991, specify that computers, monitors, and printers enter a power-saving “sleep” mode after a period of inactivity.  Personal computers (PCs) and monitors may consume no more than 30 watts apiece and printers 30 to 45 watts.  The monitor consumes more than half the power used by a typical system and studies show that computers are unattended for 80% of the time they are on.  There are a variety of products available that put existing monitors into sleep mode.  Intel has embraced an energy-saving technology in its chip designs, and its competitors have similar offerings.  Generally, it is less expensive and more eco-friendly to retrofit existing equipment than to dump it in a land fill and buy the latest environmentally correct version.  The Clinton Administration recognized the potential cost savings of using energy efficient computers when it issued Executive Order 12845 which requires all Federal agencies to purchase only microcomputers and associated equipment that meet the EPA’s energy star standards.



	The trend toward electronic distribution of software and other information indirectly results in protection of the environment.  Almost overnight, the PC industry has become environmentally correct, contributing to the preservation of forests.  LOTUS has opted to rely on on-line help to save some trees and some money, and they hope that the trend continues in software for electronic distribution and on-line help for a green view of the world.



2.2.2.4  Telecommuting�tc "2.3.1.1.2.4  Telecommuting"�



	Video teleconferencing and computer telephone integration are about to play major roles in creating the electronic office of the future.  The availability of these technologies on the desktop will dramatically reduce the need for continuation of the current office environment paradigm.  Instead, what will occur within the next ten years is a considerable growth and encouragement of off-site work with connectivity and interfaces provided through video teleconferencing and computer telephone integration.  As the technical capabilities advance, attention will need to be given to effective management and user operability from a home office setting.  Users, managers, managerial style, office space, and remote access are all considerations regarding telecommuting.



	Effects on the user are evident in the areas of increased flexibility in personal work habits and family schedules and the avoidance of commute time.  Ramifications for managers are in the area of obtaining equivalent productivity from the employees who work from home.  This assumes a level of trust in the employee to report actual hours spent on a given project.  Managerial style will be affected through the methods of coordinating the project status and exchange of information among the various project teams as they develop project data at home or in satellite offices.  Project milestones may need to be adjusted to account for this coordination and information exchange because the employees may not be available immediately as is normally the case in an office environment.  Likewise, more effective exchange of ideas occurs in face to face settings.  Teleconferencing may offer a partial solution to the loss of face to face contact but studies should be conducted to gauge this effect of telecommuting.  It should be noted that many obstacles to telecommuting may be partly addressed by teleconferencing and computer telephone integration, both of which are discussed in section 2.3.2.4.



	The most apparent effect of telecommuting, if implemented on a wide scale, is on the reduction in office space required for the business.  As more employees work from home, the required square feet of floor space will be reduced.  However, the potential saving in rental costs would be offset to some extent by the cost of providing remote access.  To accomplish project coordination among coworkers who may be located in the office or at home, most employees would have to be connected to the appropriate network for file exchange and E-mail.  This would need to be accomplished by extending the number and capacity of the servers on the corporate system which means requirements for network management will be expanded.  A preliminary study by the OASD shows that the expected savings in office space and overhead associated with telecommuting offers the potential for a high overall return on investment.



2.2.3  Responsible and Interested DoD Components�tc "2.3.2  Responsible and Interested DoD Components"�



	In the issues category, no office has specific responsibility for maintaining awareness or policies for either the health issues or the user issues at the enterprise level, though service major commands have agencies identified at that level for ergonomics and human factors engineering across all functional areas (see guidance and standards below).



2.2.4  Applicable Working Groups (WGs) or Technical Groups (TGs)



	Research into the status of HCI issues has uncovered three identifiable efforts to address human factors:  the U.S. Technical Advisory Group (sponsored by MICOM) to ISO’s Technical Committee for Ergonomics (TC159), the User Computer Interface Subgroup of the DoD HFE TAG, and the DISA CFS GUI Working Group.  However, the latter has not met for a considerable time and may be disbanded.



2.2.5  Guidance and Standards

�tc "2.3.4  Guidance and Standards"�

	No national or federal laws exist that contain requirements for compliance.  The Occupational Safety and Health Act of 1970 and the Occupational Safety & Health Program for Federal Employees (Executive Order 12196, February 1980) require general office environment guidelines and establishes responsibilities to heads of agencies, but it does not have specific guidance.  DoD policy has followed the Federal guidelines with the following:



1)	DoD Directive 1000.3, Safety & Occupational Health Policy for the Department of Defense which provides the basis for safety, fire prevention, and occupational health programs.



2)	DoD Instruction 6055.1, DoD Occupational Safety & Health Program which implements OSHA standards and requirements.



Even though the following standards, regulations, and instructions exist, it appears that no centralized policy specifically addressing office automation technology exists above the Service level.



1)	MIL-STD-1472D, Human Engineering Design Criteria for Military Systems, Equipment, and Facilities, establishes general human engineering design criteria for military systems, subsystems, equipment and facilities and includes a section on VDTs which cross references ANSI/HFS 100-1988.



2)	Army Regulation 385-10, the Army Safety Program, prescribes Army policy, responsibilities, and procedures to protect and preserve Army personnel and property.  It mandates safety policies, procedures, and guidelines.



3)	OPNAV Instruction 5100.23C, Chapter 23, US Navy Ergonomic Program, identifies the methodologies to establish a program that seeks to prevent workplace injuries and illnesses through the application of ergonomic principles.



Applicable standards should be used only as guidelines given the DoD mandate to avoid use or citation of military standards.



	Industry has adopted best practices guidelines, whereby businesses have developed guidelines for their IT managers.  Additionally, the Sweden-based office workers union, TCO, is a world leader in developing standards for ergonomics in the computer industry.  TCO sets voluntary standards for computer hardware, such as keyboards and monitors, as an alternative to strict government regulations that may take years longer to implement.  TCO’s influence is strongest in northern Europe, but it is beginning to make its presence felt in the U.S. and Asia.  TCO is working on a revised standard, tentatively called TCO-95, that will extend ergonomics and safety requirements far beyond current levels.  Government could take a serious look at what is being done in the private sector and see what is applicable to the Federal workforce.





2.3  Technology



	This section discusses many HCI-related technologies that have not been addressed in DoD domain, enterprise, or enterprise-integration level documentation, or that are evolving at such a rate that they warrant special attention.  Emerging or evolving HCI technologies have been categorized as primary and secondary, as shown in Table 2-5, and are addressed in subsequent paragraphs.  The primary technologies are those that are recognized as prominent technologies in user interfacing.  Primary technologies considered here include artificial intelligence, user interface, input devices and methods, help and learning, and hand-held computers and personal communications.  The secondary subject areas are generally considered user transparent and not directly related to HCI.  However, they have enabling effects on the primary group of technologies, and a discussion on emerging technologies would be remiss if these areas where not mentioned.  These technologies include software tools and development, processing power and peripherals, digitization, and telecommunications.



Table 2-5  HCI Issues and Emerging and Evolving Technologies



  Emerging or Evolving HCI Technologies��Primary�Secondary��Artificial Intelligence

-    Expert Systems

-    Adaptive AI Tools and Help

-    Agent Software 



User Interface

-    GUIs

-    Virtual Reality

-    Digital Audio and Video

-    Computer Telephone Integration

and Teleconferencing

-    Hypertext

-    Groupware

-    Ubiquitous Computing



Input Devices and Methods

-    Pen-Based Input

-    Natural Language

-    Speech Recognition

-    Gesture Input

-    Eye Tracking Input

-    Thought, Brainwave, Biofeedback Input



Help and Learning

-    Computer Based Training

-    Interactive Help Tools



Hand-Held Computers and Personal Communications

-    PDAs

-    PCS�Software Tools and Software Development

-    Object-Oriented Design

-    Software Development Environments

-    CASE Tools

-    User Input to User Interface Design

-    Application Program Interface and UAPI

-    Client/Server Architecture and Software



Processing Power and Peripherals

-    Increased Microprocessor Speed and

Capabilities

-    PCMCIA

-    Compact Disks



Digitization

-    Electronic Data Standards

-    Imaging Algorithms



Telecommunications Technology

-    GOSIP

-    TCP/IP

-    ATM, SONET

-    FDDI

-    Digital Compression

-    Encryption

-    Other Advances��



	Although one might expect multimedia to be included in a discussion on emerging technologies, it is not addressed separately in this document because of its very broad scope.  The term multimedia refers to the integration of information having multiple formats, including text, audio, graphics, animations and full-motion video.  Multimedia is not of itself an emerging technology, but a convergence of multiple emerging technologies such as digital audio and video, optical storage, hypertext and hypermedia, and various input devices.  Multimedia-related technologies are discussed within the context of more specific subject areas and are identified as being multimedia technologies where appropriate.



	There are many potential benefits from these technologies, many of which are mentioned in the technology descriptions that follow.  A more quantitative analysis of the return on investment for these technologies is included in paragraph 2.6.  Many of the technologies discussed in this section have a broad expanse of applications while others lend themselves to only a specific, limited range of application.  For instance, the user interface and input devices technologies will have positive effects on many of the most common DoD computer uses, such as word processing and electronic mail.  Artificial intelligence technology such as expert systems, on the other hand, may only find use in certain niche applications such as decision and planning aids.�tc "2.3.1.2  Emerging and Evolving Technologies"�  These facts are taken into consideration in the return on investment analysis.



	Due to the nature of emerging technologies, it is impossible for any document to address all the new developments that may affect HCI.  Likewise, the evolution of technology has become so rapid that product life cycles can be as short as six months.  The technologies addressed here are a representative sample of the trends in industry and government that have potential impacts on HCI.  It should be noted that a new technology may be introduced at any time that makes current technology obsolete.  Because of their direct relevance to HCI, the primary technologies have each been described in separate sub-sections, while the secondary technologies have been grouped into a single sub-section.



2.3.1  Artificial Intelligence�tc "2.3.1.2.4  Artificial Intelligence"�



	Artificial intelligence was originally defined several decades ago as the ability of a machine to exhibit human-like intelligence and behavior in such a way that interaction with the machine is indistinguishable from interaction with a human.  The definition of artificial intelligence has since been modified to encompass a more limited range of computer capabilities.  Current artificial intelligence applications do not attempt to recreate the complete extent of the human intellect, but instead attempt to perform specific functions that seem to require human intelligence.  Such functions often require the ability to learn or adapt through experience.  



	Artificial intelligence is having profound effects on computer applications and capabilities, including the area of HCI.  Common applications of artificial intelligence technology include expert systems, adaptive tools and help systems, intelligent agent software, speech recognition, and natural language processing.  Since speech recognition and natural language processing have been addressed in the context of input devices and methods, this section focuses on expert systems, adaptive tools and help, and intelligent agents.



2.3.1.1  Adaptive Artificial Intelligence Tools and Help�tc "2.3.1.2.4.2  Adaptive Artificial Intelligence Tools and Help"�



	Adaptive artificial intelligence tools and help systems are characterized by their ability to learn and automatically adapt to user needs and preferences.  Adaptive artificial intelligence technology is used in a wide range of applications.  Its use in user interfaces allows more efficient control of applications.  One such system learns how the user interacts with the system by recording common keystrokes and input patterns.  The artificial intelligence tool then automates common tasks, via macros or similar methods, based on these patterns.  The application of artificial intelligence to human-machine interfacing is an ongoing study at NASA.



	In help systems, the amount and extent of the help provided is automatically adjusted to user needs.  Adaptive artificial intelligence techniques can be used to determine how, when, and why the help system is being employed by the user, and subsequently determine the user-specific amount of help required for performing tasks of various complexities.  For instance, while one user may require only a short overview from the help system in order to perform a task, another user may require step by step instructions in order to perform the same task.  Also, any given user requires different levels of help for performing different types of tasks.



	Computer training or tutoring systems can use adaptive artificial intelligence technology to adapt the training to the user’s knowledge and learning ability.  The user’s ability is assessed and the lesson plan is subsequently optimized.  Optimization can include determining the appropriate lessons or customizing lessons, changing the required number of lessons, and adjusting the rate at which the lessons are presented.  An adaptive artificial intelligence training tool can automatically take advantage of a person’s quick study aptitude or lend extra help to a slower learner.  The Air Force has long been researching intelligent tutoring systems that apply artificial intelligence technology to computer-based training.



	The use of adaptive artificial intelligence tools and help systems greatly increases productivity by optimizing computer interfacing for each individual user, which is not feasible using conventional programming.



2.3.1.2  Expert Systems�tc "2.3.1.2.4.1  Expert Systems"�



	An expert system is an artificial intelligence application that attempts to emulate certain human thought processes to solve problems or make decisions.  These systems are employed to solve specific problems that are very narrow in scope.  Expert systems employ three components:  1) an interface for users to provide inquiries; 2) a database composed of data, facts, and rules obtained from a human expert; and 3) a logic processing system, often referred to as the inference engine.  From the inquiries, the inference engine invokes rules and data in the expert knowledge database, or knowledgebase, and produces a result or solution.  Expert systems are used in areas such as medical diagnosis, insurance and loan underwriting, and aiding help-desk staff to solve computer problems.



	The National Aeronautics and Space Administration (NASA) is researching the use of expert systems to aid planning and scheduling for its Mission Operations and Data Systems Directorate.  Expert systems are being used in DoD in such areas as logistical and mission planning. The Office of Naval Research and Armstrong Lab both have ongoing projects in the area of expert systems.  The Style Guide mentions the use of expert systems as decision aids, but offers no specific guidance.  At the enterprise level, human factors engineering guidance provided in  Military Handbook (MIL-HDBK)-761A covers the human computer interface for expert systems.  



	The accuracy and usefulness of expert systems are limited by the amount and type of data in the knowledgebase, and hence they are often known to be lacking in common sense.  Researchers are looking for ways to create more sensible expert systems by expanding knowledgebase content and improving logical processing.  These systems would avoid common sense conflicts and inform the user if an inquiry is beyond the knowledge of the system rather than producing an unreliable output.



	Another important trend is refining user interfaces for expert systems.  The Army has been researching hands-free expert system interfaces, such as speech recognition.  A similar trend is the introduction of user-friendly tools for building expert systems.  This will allow users to more easily create unique expert systems based upon their own selection of expert knowledge.  As expert systems become more reliable, more knowledgeable, and easier to create and maintain, they will become more widely used.



2.3.1.3  Intelligent Agent Software



	An intelligent agent is an artificial intelligence software tool which performs tasks independently on the behalf of the user. Although concepts of intelligent agent software vary greatly, agents typically display traits of learning ability, autonomy, personalization, and cross-platform functionality.  Intelligent agents perform tasks autonomously, both locally  and remotely.  For instance, an intelligent agent could automatically check the user’s calendar for appointments for the day and send e-mail reminders to attendees.  With the implementation of networking systems designed to handle agents, agents will be sent out to search for and retrieve desired information or data from remote on-line systems or perform tasks such as searching for the best deal on a product and placing an on-line order.  But, because intelligent agent self-direction uses virus-like methods, users and network providers must take measures to ensure that agents are kept under control.



	Network management is another area that is benefiting from intelligent agents.  Agents can be used to monitor servers, routers and other critical network components and notify the network administrator of urgent or impending problems.  This enhances the network administrator’s ability to act quickly to address problems before and as they occur.



	Many vendors advertise the use of intelligent agent technology in their software applications; however, many of these agents are pre-programmed routines which are invoked by the user.  Such routines, while helpful, generally do not use artificial intelligence technology and do not exhibit such traits as the ability to learn.



	The Naval Air Warfare Center has been investigating the development of intelligent systems for generating intelligent agents.  ARPA-sponsored research is being performed by academia and industry to determine language and protocols to be used by interacting intelligent agents in a distributed application.  This and other on-going research will rapidly advance the state of the art in intelligent agent technology.



	Intelligent agents can save users a great deal of time by performing tasks such as filtering mail or performing on-line searches while the user is occupied with other activities.  Agents can also reduce on-line time because once they are sent out on a task, the user need not remain connected to the remote system.  This can be very beneficial for users of wireless networks as air time can be quite expensive.



2.3.2  User Interface�tc "2.3.1.2.1  User Interface"�



	User interface, the most widely recognized subject area of HCI, encompasses the majority of the qualities that contribute to the user’s perception of computers and their operation.  This section focuses on emerging or advancing interface technologies that are receiving wide spread attention in industry and government.  These technologies include GUIs, virtual reality, digital audio and video, computer-telephone integration and teleconferencing, hypertext, groupware, and ubiquitous computing.



2.3.2.1  Graphical User Interface (GUI)�tc "2.3.1.2.1.1  Graphical User Interface (GUI)"�



	The Style Guide defines GUI as “a system design that allows the user to effect commands, enter into transaction sequences, and receive displayed information through graphical representations of objects (menus, screens, buttons, etc.).”  GUIs, such as Motif, Windows, and Macintosh, are in widespread use throughout industry and government.  While GUI technology has been in existence for two decades (Xerox Star, the first commercial GUI for office automation, was released in 1975), the technology is still advancing, particularly in the area of usability.  Increased user involvement in GUI design and extensive usability testing promise to help maximize the user friendliness of commercial operating systems and applications.  



	Transition from character-based user interfaces (CUIs) to GUIs is another current trend, in both the commercial and government sectors.  CUIs, which rely on keyboard entered commands to accomplish tasks, require extensive training and memorization for user proficiency.  The ITPB policy #91-39 recognized the need for a transition from character-based interfaces to a common look and feel GUI.  The Style Guide was a direct result of this decision and is used widely by the Services, other DoD Components and several NATO allies.  The DISA CFS GUI standards working group has been developing a strategy for migrating DoD user interfaces to GUIs.



	Migrating applications and computer operating systems from character to graphical user interfaces has several tangible benefits, including ease of use, shorter learning time, increased user speed and productivity, and better work quality.  There are also psychological benefits, including reduced fatigue and frustration, an increased ability to explore and learn new functions, and greater confidence and capabilities.  These benefits have been documented in the Temple, Barker, Sloane study (1990), which identified the effects of the two interfaces on novice and advanced users.  DoD expects to realize these benefits, which should result in substantial DoD cost savings.



2.3.2.2 Virtual Reality

�tc "2.3.1.2.1.2 Virtual Reality"�

	Virtual reality is an interface in which the user interacts with the computer in a real-time, three-dimensional, computer-generated, interactive environment.  Its importance is its ability to enable users to interact with the computer in the same way they interact with the physical world.  Because virtual reality is an application that incorporates various input/output technologies, it is often associated with multimedia.  While concepts of virtual reality differ, it is generally broken into two classes:  immersive and non-immersive.



	Immersive virtual reality attempts to give the user a genuine feeling of “being there” through the use of devices such as headset displays and glove input devices.  For instance, an immersive virtual reality application could allow a user to enter a virtual room, as perceived by the headset display, and interact with virtual objects in the room (e.g., pick up an object), as allowed by the glove input.  Immersive virtual reality is not typically a desktop application because of the great amount of processing power it requires.  The most popular application of immersive virtual reality is simulation and training.



	Non-immersive virtual reality (some argue that non-immersive is not virtual reality) typically involves a three-dimensional world represented on a computer screen and is sometimes referred to as “fish tank” virtual reality.  This version of virtual reality provides a window into a three dimensional virtual environment and allows the user to control viewing parameters such as direction, elevation, and magnification.  Unlike immersive virtual reality, non-immersive virtual reality is more easily implemented in a desktop environment.



	A current trend of immersive virtual reality is achieving a realistic simulation environment while simultaneously lowering the cost of implementation.  One way the virtual world is made more realistic is by enhancing the behavior of the objects in the virtual world.  For instance, artificial intelligence can be used to define the behavior of virtual objects.  Another trend is augmented reality, an application of virtual reality wherein the real world is overlaid with a virtual environment through the use of a semi-transparent display visor.  This is similar to the heads-up and helmet visor displays used by fighter pilots for target acquisition and flight path indication.



	Although the public has generally associated virtual reality with entertainment such as video games, more practical uses are being investigated.  The University of Maryland is researching the applications of non-immersive virtual reality for searching very large, complex databases.  The method provides a visual representation of the data and draws upon the innate human ability to spot visual correlations.  Once perfected, this technology could have a significant impact on the entire information management environment, particularly in the way information in general is stored, retrieved, and used.



	The virtual reality interface also opens new realms in the area of computer-based training.  Augmented reality, for instance, has potential applications in equipment repair training.  A virtual reality training application being developed for the U.S. Army, The Dismounted Infantry Virtual Environment, will allow soldiers to be totally immersed in a simulated battlefield environment and participate in simulated exercises.  Virtual reality may also be used to train military surgeons by allowing medical students to practice surgery on simulated humans using an immersive virtual reality system that realistically depicts human injuries and responses to surgery.  Virtual reality computer-based training can offer profound benefits over conventional training methods.  For instance, in the area of wargames, environmental concerns are practically eliminated and potential cost savings are great.  In medical training, virtual reality could offer physicians the opportunity to practice complicated surgery on battlefield injuries, with no risk to human safety.



2.3.2.3  Digital Audio and Video�tc "2.3.1.2.1.3  Digital Audio and Video"�



	Digital audio and video in HCI refers to the output of digitized data to audio and video devices as a method of providing information to the user.  Digital audio and video are integral to multimedia and available in most multimedia applications.  In fact, applications that use digital audio and video output are generally termed “multimedia applications.”  Digital audio and video are enhancing and sometimes replacing conventional text and graphics displays in applications such as electronic references and computer-based training.



	Digital audio and video are used extensively in multimedia training applications by industry and the government.  In the military, multimedia computer based training is used in some capacity by all of the services.  The DoD “distance learning network” transmits digital video via its satellite network for uses such as war gaming.



	Digitized audio and video have also been used by DoD for archival purposes.  The Defense Nuclear Agency has created the Weapons Effects and Performance Data Archive.  This archive is composed of text, sound, video, still photos, and graphics from the Persian Gulf War, all of which are digitized and stored on optical disks.



	Digital audio and video is beneficial because it provides a more “real-life” type output that is easily understood by computer users.  Its use in multimedia training has been shown to decrease time to proficiency, increase retention, and lower training costs when compared to conventional training methods.  When provided on-line to users, digital audio and video has the potential to provide individual feedback to users for problem solving, help search, and other forms of user assistance at many levels, from the office environment on desktop PCs to front line soldiers using PDAs.



2.3.2.4  Computer-Telephone Integration and Teleconferencing

�tc "2.3.1.2.1.4  Computer-Telephone Integration and Teleconferencing"�

	Computer-Telephone Integration (CTI) seeks to integrate the operation of two of the most used desktop tools.  While CTI is not exactly a user interface, it is discussed in this section because it potentially represents a fundamental change in the way computers are used.  CTI involves using a computer system, with peripheral or interfacing devices, to control or enhance the functions of a telephone or telephone switchboard.  Several approaches exist to integrate computers and telephones.  These approaches typically fall into one of two classes:  network and desktop implementation.



	Network CTI typically involves a connection between a network server and an in-house telephone switch or private branch exchange.  In this setup, the network server interface with the telephone system allows access to call or caller information via automatic number identification (e.g. caller ID) or via interactive voice response (IVR) (e.g. touch tone activated systems).  The server can then use this information to retrieve caller information from a database, and then simultaneously transfer the call to the appropriate person and forward any pertinent database information to the call recipient’s computer.



	For desktop CTI, special hardware (usually an add-on component) is used to connect the computer to a telephone device.  In this configuration, the system would be used for call-control functions such as placing calls.  By implementing a user-friendly interface in the CTI software, this setup facilitates more complex call-control functions such as conference calling and call-transferring.  Setting up a conference call could become as easy as selecting names in a list using a mouse.



	Various CTI concepts have been investigated since the 1970s, but only recently have large corporations made large scale efforts to bring CTI products to the market.  This effort includes not only the development of CTI systems, but also the development of CTI standards and application programming interfaces to allow third party vendors to develop applications.  With more companies entering the CTI marketplace, advancements in technology are expected to accelerate.  Products that are expected to benefit from increased competition are IVR, speech recognition, and video conferencing.  The adoption of industry standards will also enhance the quality of CTI products.  CTI applications could soon put the telephone switchboard under the control of windows-based computer software.  CTI has the potential to offer ease of use and timesaving benefits.  



	An emerging application common to both network and desktop integrated telephone systems is media processing.  This allows a single “in-box” to be used to receive voice-mail, E-mail, facsimiles, and video messages.  Also, telephone companies have begun to integrate CTI with voice recognition allowing customer enhanced and easy-to-use capabilities and also enhanced account security.



	Computer systems, rather than stand-alone hardware, are being used more frequently for teleconferencing and video teleconferencing.  CTI technology will have an important impact on these technologies.  In computer video teleconferencing, which is based on digital audio and video, a user’s voice and image are converted to binary data and sent to other computers.  Voice and image are then reproduced through the receiving computer’s speakers and video display.  The face to face  communications provided by video teleconferencing offers a more personal form of interaction than voice teleconferencing or simple phone conversation. 



	Standardization of audio and video signals and the production of low cost audio and video conferencing hardware and software are current trends in this area. A complete audio and video conferencing package, compliant with H.320 (the prevailing personal video conferencing standard), for the IBM-PC family of computers has been released at a retail cost of less than $2000. Efforts to enhance visual reproduction are also ongoing.  Several companies are investigating ways of implementing eye contact, an important aspect of person to person communications, in video teleconferencing.  With increasing processing capabilities and network transmission speeds and declining costs, video teleconferencing as a computer application is evolving quickly.



	One of the biggest benefits offered by teleconferencing and video teleconferencing is saved travel expenses.  Teleconferencing can allow many people from several different locations to hold meetings without traveling to a common meeting place.  



2.3.2.5  Hypertext�tc "2.3.1.2.1.5  Hypertext"�



	Hypertext refers to a document structure which contains links to related information embedded in the document.  Hypertext typically contains links to text information or other hyper-text documents.  Hypermedia includes links to graphical, audio, and video information as well.  Hypertext and hypermedia, generally considered multimedia technologies, have received much attention and extensive use as functional components of the internet world wide web (WWW) and the associated hypertext transfer protocol (HTTP).  Hypertext and hypermedia are also used frequently in CD-ROM reference materials such as encyclopedias.  Links to additional displays, often multimedia, and other related information or topics are embedded in the reference articles.



	Hypertext is also finding use in unique DoD applications.  The Army is using the Multi-user Engineering Change Proposal (ECP) Automated Review System (MEARS) to aid in reviewing and approving program ECPs.  This system makes extensive use of hypertext forms allowing users to instantly access information, such as engineering drawings, by selecting highlighted terms from within the text.  MEARS helps reduce time needed to approve ECPs and eliminates much of the paperwork required.



	Hypertext documents are created using the hypertext markup language (HTML) to embed links to related information in the text.  MIL-M-28001B, currently under revision, is the DoD standard for describing the implementation of the Standard Generalized Markup Language (SGML).  Because HTML is a subset of SGML, the guidelines in this document would also be applicable to the creation of hypertext documents.  The Style Guide states in its discussion of multimedia, “Hypertext is an extremely powerful information tool because it allows the representation of knowledge, browsing, carrying out structured searches, and making inferences, all within the same environment.”

 

2.3.2.6  Groupware



	Groupware is software that is designed to run in a network environment and support the efforts of a group of people working on a joint project.  Most commercial groupware software packages are intended to enhance the productivity of any working group or team. Groupware applications typically provide electronic mail, calendar, conferencing, document management, bulletin board, and work flow applications to facilitate communication, coordination, tasking, and configuration management within the group.



	Groupware has the potential to greatly enhance the way people work as a team.  Enhanced coordination and workflow will lead to better output quality in addition to increased productivity.  But in order to achieve these benefits, users must be willing to change their work habits and use the system for common tasks such as recording appointments, scheduling meetings, distributing documents, and posting messages.  Management must encourage the use of the system in order to achieve a positive return on investment.



	In the last few years the commercial market for groupware has exploded.  (Groupware was originally referred to as computer-supported cooperative work, but was renamed for commercial market appeal.)  Use of groupware within DoD offices could be very beneficial, especially in the military project office environment.



2.3.2.7  Ubiquitous Computing�tc "2.3.1.2.1.7  Ubiquitous Computing"�



	Ubiquitous computing is the ultimate, albeit distant, future of computing.  The idea behind ubiquitous computing is the elimination of centralized computing.  The workstation or desktop will be replaced with an omnipresent input and output system.  The goal is to have invisible computing everywhere, so completely imbedded that users employ its services without even thinking about it.  Such a system would be composed of serveral advanced technologies such as voice recognition, artificial intelligence, and wall-sized display screens.



	In one concept of ubiquitous computing, the individual would wear a badge that would identify the user to the computer system via wireless transmission.  The computer system would then be able to “follow” the user, providing access to locations, customizing settings and preferences, and even forwarding phone calls to the user, wherever he or she may be in the facility.



	While such capability may seem to be far off in the future, a big step being taken in the direction of ubiquitous computing is the convergence of advanced technologies.  Advanced  technologies are now being integrated in a variety of uses, for instance voice recognition, natural language and artificial intelligence are beginning to be employed in common applications such as word processors.  The main benefit foreseen for ubiquitous computing is enhanced productivity.  A ubiquitous computing system could  aid users, transparently or directly, in almost every task.



	Ubiquitous computing originated at the Xerox Palo Alto Research Center, where work in this area continues with funding from Xerox and ARPA.  (Funding does not necessarily mean endorsement.)  The Navy’s envisioned command and control center for the year 2005 involves ubiquitous computing-like devices such as wall displays and input capabilities such as speech recognition.



2.3.3  Input Devices and Methods 

�tc "2.3.1.2.2  Input Devices and Methods"�

	Input Devices and Methods refers to hardware or processes used to enter data into a computer.  These HCI technologies are intended to enhance the way in which users physically interact with the computer.  This section discusses pen-based input, voice recognition, natural language, gesture input, eye tracking, and thought input.



2.3.3.1  Pen-based Input

�tc "2.3.1.2.2.1  Pen-based Input"�

	Pen-based input devices were developed for individuals who prefer the look and feel of pen-based input as opposed to other input devices.  The pen device performs the same basic functions as the mouse, but often it is used for graphical drawing programs as users find it better suited and easier for drawing shapes and figures.



	Pen-based input devices, especially in coordination with the PDA (see Section 2.3.5.1), hold great promise in the area of handwriting recognition.  However, in the first generation of pen-based PDAs the handwriting recognition software was inadequate.  Decoding handwriting and converting it into a usable format (i.e. word processor) has proven to be a technical challenge, but capabilities are improving rapidly.  The handwriting recognition in some of the currently marketed PDAs is adequate for filling out forms and entering single pieces of data, but is still lacking for applications such as E-mail.



	However, the future is bright for pen-based input devices.  One of industry’s leading vendors has developed character recognition software that may give a significant boost to the handwriting recognition software and PDA markets.  This software provides a very reliable form of character recognition.  It reads printed writing via a special alphabet that is nearly the same as the standard English alphabet except that six of the letters are represented differently.  The software will translate the characters into text at a rate of 30 words per minute.  It also recognizes punctuation and symbols such as bullets and accents.  Other features include the ability to enter backspaces for deletion, spaces and uppercase letters.  The technology used to facilitate this character recognition software could be used to design a new generation of paging and other pocket-sized communications devices that would enable users to write and respond to messages.  Some industry analysts contend that this software technology addresses the input problems associated with PDAs.  However, others point out that the need for users to learn a new alphabet is not something that can be done quickly. 

	

2.3.3.2  Natural Language�tc "2.3.1.2.2.2  Natural Language"�



	Natural language is a terminal usage method where queries and commands are entered in a format resembling normal spoken or written language.  This allows users to input simple or complex commands without learning complicated syntax.  Currently, natural language interfacing is used most often in database applications.  Natural language queries are supported by major relational database vendors such as Oracle, Sybase, Ingres, Informix, and RDB.



	Natural language is mentioned in the Style Guide chapter entitled “Query.”  This chapter states, “Natural Language interfaces allow users to formulate queries in their native language (e.g., English, Spanish).  These interfaces use a knowledge of syntax (grammar) and semantics (meaning) to interpret queries and translate them into the query language used by the database system.  This approach frees the user from learning the usual conventions and rules of query language.  Although natural language interfaces offer great potential, they may require considerable user effort in setting up the underlying dictionaries.”



	One of the leading products on the market is a robust application development environment that is capable of interpreting natural language database queries.  The system can decipher the information essential for executing the query.  Applications developed in this environment can provide an intuitive drill-down querying capability and textual and graphical display formats.  Creating an application to link to an existing database requires a large man-time investment on top of the cost of acquiring the product.  Another leading vendor is working to incorporate natural language interfaces into one of its operating systems.



	A major benefit of natural language input is ease of learning and ease of use.  Novice or first time users can use it to obtain the desired data or control the computer without extensive training or memorizing of commands.  Natural language interfacing could offer such benefits as lower training costs, decreased time to proficiency, and reduced worker stress.



2.3.3.3  Speech Recognition�tc "2.3.1.2.2.3  Speech Recognition"�



	Speech recognition is a user interface in which spoken words are used to control processes or enter data into a computer.  Speech recognition requires extensive processing power, which limits the capabilities of most speech recognition systems.  Currently, continuous speech dictation systems, with vocabularies large enough for applications such as word processing, are limited to use with high�powered workstations.  Continuous dictation is achievable at the PC�level, but at the expense of vocabularies limited to specialized fields such as medicine or law.  Dictation systems with extensive vocabularies are available for desktop PCs but they require discrete speech (well defined pauses between words).  Even though they do not allow users to speak naturally, most people can use them to enter 50 to 100 words per minute.  With the rapid evolution of powerful desktop computers, it will not be long before desktop computers are powerful enough to quickly and reliably process continuous speech input coupled with a large vocabulary.



	In the past, speech recognition systems were hard to use and were cost prohibitive.  Clever engineering and powerful computer processors are helping to advance speech recognition capabilities.  Current advances include the use of natural language type processing to enhance speech recognition.  One such system recognizes context and syntax of the spoken words and uses this information to correct any errors in audio detection.  Speech capabilities are being integrated into a wide variety of systems, from dictation and language translation to military command and control systems.  Speech recognition is also appearing in more lower�cost consumer products.  Telephones can now dial numbers, computers can change documents’ appearances, and video cassette recorders can record with the appropriate verbal instructions.  With capabilities on the rise and the cost of implementation on the decline, the implications of this technology are enormous.  Besides making PCs accessible to people who do not type, voice input could eventually make keyboards obsolete, enabling computers to become far more portable.



	Speech�recognition technology recently took a giant step toward standardization.  A consortium of vendors is attempting to define a common speech�recognition application programming interface (API) for MS-Windows.  The group, known as the Speech�Recognition API Committee, hopes to create a new open�standard API that will ease the efforts of software developers who want to integrate voice� and speech�recognition technology into their Windows applications.  Once a standard is set, the same application will be able to work with speech�recognition engines from different companies.



	The Air Force Armstrong Lab is currently working on a “super cockpit” design that will incorporate voice control and voice feedback technologies.  The Army Armament Research Development and Engineering Center is developing a voice control interface for an artillery weapon system.  This will be an important technological step because this project is addressing the use of a speech interface in the presence of a large amount of background noise.



	Speech recognition will potentially provide for more efficient input, allowing data entry at a continually faster rate than typing while simultaneously requiring less user effort and concentration.  It potentially offers an interfacing means for individuals with disabilities making them unable to type.  Additionally, the use of speech recognition interfaces will prevent many of the computer related health disorders discussed in the Health Issues section.



2.3.3.4  Gesture Input



	Gesture input technology allows computer users to provide input by making hand, body, or facial gestures.  This is accomplished through optical or attached sensors. Optical sensors could contribute to such uses as  recognition of sign language and lip reading.  Attached sensors, such as electronic gloves or suits, are mostly used in virtual reality applications. 



	Gesture input also includes “gestures” made with an input device such as a mouse or a pen.  For instance, one PDA application will delete text from the screen if the user makes a “delete gesture” (proofreader’s delete mark) with the input pen on top of the words to be deleted.  One graphics application opens a circle creation menu if the mouse is moved in a circular pattern.   These types of gesture recognition can contribute to ease of learning and ease of use in many applications.



2.3.3.5  Eye Tracking Input�tc "2.3.1.2.2.5  Eye Tracking Input"�



	Eye tracking allows the user to provide input simply by looking at an object on a screen (or in some particular direction) and perhaps blinking or moving an eyebrow.  Applications can allow users to compose text by looking at the appropriate letters or words in a list, or initiate or perform computer operations by looking at the appropriate displayed icon.  Eye tracking could have potential for use where a hands-free interface is needed, but technology such as speech recognition is not feasible.



	Originally developed to provide access for the disabled, eye tracking has allowed us to unlock the minds of brilliant people who suffer from almost complete disability. For some persons with severe physical limitations, a computer with eye tracking input is the only way to communicate with the world. 



2.3.3.6  Thought, Brainwave, Biofeedback Input�tc "2.3.1.2.2.6  Thought, Brainwave, Biofeedback Input"�



	Thought brainwave, and biofeedback input attempts to use the small electrical signals generated by the brain (i.e. “brain waves”) as a method of computer input.  Other biological signals may also be used, including muscle tension, heart rate, and skin conductivity.  Biofeedback devices, which have been around for several years, are already being used for computer input.  One computer game uses biofeedback input to control the speed of a race car--the user must relax in order to win the race.     



	Thought input is still in its infancy but potential seems high.  The Air Force is researching and testing an interface system which uses “brain-activated control” as a form of computer input.  Using biofeedback methods, the users are trained to modify their brain electrical activity.  The changes in brain signals generated by the user are received using electrodes attached to the user’s head and translated into commands by a computer.  Early demonstrations of the system, used with flight simulation software, have shown the ability for the user to control simple functions such as the roll of the airplane.



	  Potential benefits for this type of technology include increasing user productivity, reducing worker stress, and providing access for the disabled.  Current technology is limited so much research and innovation will be required before substantial benefits can be realized.



2.3.4  Help and Learning�tc "2.3.1.2.3  Help and Learning"�



	Help and learning refers to applications and functions within applications that are used to convey information to the user.  Advancing software and programming technology is causing rapid advances in this area of HCI technology.  This section focuses on computer based training and interactive help.



2.3.4.1  Computer Based Training (CBT)�tc "2.3.1.2.3.1  Computer Based Training (CBT)"�



	As its name implies, computer based training is training or teaching achieved through the use of a computer.  CBT is typically implemented as an application program which presents the user with information to be learned in an interactive manner.



	Many organizations are embracing CBT offerings and video�based, distanced�learning alternatives for technical training requirements. CBT has also found extensive use in the military.  Armstrong Lab, the Army Research Institute, the Office of Naval Research, and the Naval Air Warfare Center all have ongoing CBT-related programs.



	Classroom alternatives such as CBT and video are not new.  For several years, vendors have been putting versions of their classroom courses on cassettes and floppy disks.  Non-interactive video, however, has proved to be the most effective only for introductory overview material.  Early CBT courseware was almost exclusively text based, with few graphics, and the instruction courses were presented sequentially, as in a book or manual.  Multimedia�authoring tools and CD�ROM have allowed training vendors to put out highly interactive CBT courses that combine audio, video, text, and graphics.  CD�ROM�based CBT programs can include interactive testing that let students know how well they are understanding the instruction so that each student determines how to navigate through the material.  



	The computer has become the perfect tool to replicate hands-on teaching.  CBT can maximize the one-on-one interaction between an instructor and trainee, including the interchange of information and feedback.  A good CBT program also rewards trainees with instantaneous, personalized, repetitive practice.  The benefits of CBT interactive learning are as follows: 



1)	The trainee receives immediate feedback on performance in a structured and non-threatening environment.



2)	Trainees can focus on the information they need, at the point at which they need it.



3)	The curriculum and pace can be tailored to the experience level of each trainee.



4)	Active learning occurs as trainees interact one�on�one with their computer.



	A 1992 study by Interactive Communications found that students completed their material 60 percent faster on computer�based interactive video disc than they did in a classroom.  The study, cosponsored by the U.S. Army, Federal Express, and United Technologies, also found that students increased their understanding of the material by 56 percent and retained it up to 50 percent longer.  The study credited improvements to the ability of interactive CBT to allow students to put their knowledge into action quickly via simulations.



2.3.4.2  Interactive Help�tc "2.3.1.2.3.2  Interactive Help"�



	Interactive help is an application that enables users to look up information on how to perform specific operations of a software application while running the application.  Most GUIs provide a help engine that can be executed on demand.  Once this is done, an instant interactive learning environment is created in which the help engine responds to requests for information.



	Interactive help is similar to CBT in that it provides context sensitive help and information conductivity.  Context sensitivity provides access to all help information related to the specific task being performed by the user.  Information conductivity provides cross-referencing via hypertext-type links to subjects relevant to the help information accessed by the user.  These characteristics of interactive help can significantly enhance retention and productivity.



	Embedded training, similar in form to interactive help,  is a help or training system contained within an application.  Embedded training systems typically trains users by providing examples or interactively leading the user through actions and processes. Embedded training allows users to perform actions that would normally be beyond their ability, or at least require a look at the application’s documentation.



	Interactive help and embedded training represent a revolutionary movement in HCI.  Whereas in the past users required special training to use a computer, computer applications are now being ‘trained’ to interact more easily with the user.  This leads to a greatly decreased time to proficiency and increased productivity.



2.3.5  Hand-Held Computers and Personal Communications 



	Portable computing and communications is a rapidly advancing technology.  Small computers with reasonable computing power and wireless digital communications abilities are becoming widely available.  This section focuses on PDAs and personal communication services (PCS).  These technologies are bringing to light interesting considerations for HCI in a mobile environment.



2.3.5.1  Personal Digital Assistants (PDA)



	A PDA is a hand-held computer that typically serves as a personal communicator, personal information manager, notepad, appointment scheduler, and calculator.  PDAs are a relatively new class of computing devices that provide more functionality than a simple electronic information organizer but are smaller and less capable than a notebook computer.  Most PDAs operate using pen-based input and allow user control through handwriting recognition and on-screen touch-activated menus.  Also, most PDAs incorporate digital communications capability (via phone lines or wireless) and desktop computer data exchange features.



	The market for PDAs in the commercial sector has been less favorable than originally expected.  When PDAs were first introduced, excessive vendor and media hype helped fuel unrealistic user expectations of PDA capabilities.  This hype, combined with unreliable handwriting recognition capabilities, resulted in the slow growth in demand.  PDAs were originally intended for the mobile professionals market, providing a similar set of functions for a wide variety of occupations.  However, they have found more success in providing specialized functions in specific occupational areas.  For instance, insurance adjusters are using them for taking on-site data, sales personnel use them for inventory and customer contact history, and delivery personnel use them for delivery tracking.



	PDAs have found similar niche applications in the federal government.  The Federal Emergency Management Agency (FEMA) used PDAs to enter on-site damage information and to process more than 100,000 claims in a five week period following the January 1994 earthquake in Los Angeles.  The DoD ProMED program researched how health care workers could improve patient care functions such as bedside patient data collection and patient information retrieval using PDAs.  Texas Microsystems has developed the “Grunt,” a ruggedized soldier’s computer, which is now being tested by the Army.  The 3.5-pound, canteen-sized PDA will provide Global Positioning System (GPS) location and wireless communications capabilities.  DISA has announced that PDAs will be tested as a key component of the deployable version of the Global Command and Control System (GCCS) by the Marine Corps.  The Marines will test PDAs running the Portable Tactical Automated Dependent Surveillance System.

	

	As the technology matures, PDAs will become more capable yet easier to use.  Features such as integrated communications (voice, e-mail, fax, and networking), real-time processing, multimedia capabilities, reliable handwriting recognition, and speech recognition can be expected in the near future.  Also, the expanding availability of Personal Computer Memory Card International Association (PCMCIA) expansion slots on PDAs will allow them access to a wide range of PCMCIA peripherals, providing greatly expanded capabilities.



	PDAs have the potential to play a major role in military efforts to digitize the battlefield.  As technology continues to advance, it soon will be possible to integrate a variety of C3I functions into a PDA, including:



l	Data communications

l	Battlefield intelligence collection (photo/video)

l	GPS position and navigation

l	Route and mission planning

l	Combat identification

l	Information (orders, reports) management.



These features, in conjunction with an easy to use voice or handwriting recognition interface, will enhance the situational awareness, survivability, and lethality of the individual soldier.



2.3.5.2 Personal Communications Systems (PCS)

�tc "2.3.1.2.6  PCS"�

	Wireless communications is the latest technology fad, especially in the area of personal communications services (PCS).  Recently the FCC auctioned licenses for using the PCS frequency spectrum and the construction of a nationwide wireless communication network is on the horizon.  The creation of this infrastructure will greatly enhance personal communications and the usefulness of devices such as PDAs, laptops and other forms of mobile computing.



2.3.6  Secondary HCI Related Trends and Technology

�tc "2.3.1.2.7  Secondary HCI Related Trends and Technology"�

	This section addresses trends and technologies which have an indirect impact on HCI.  These behind-the-scenes technologies enable the user to perform tasks that might otherwise be unfeasible or time prohibitive.  Although technological advances in these areas do not directly affect HCI, they have the potential to allow users to be able to perform a multitude of new or expanded tasks using a computer.  The viability of the primary HCI technologies often depends upon advancements in these secondary technologies.



2.3.6.1  Software Tools and Development

�tc "2.3.1.2.7.1  Software Tools and Development"�

	The latest generation of software development tools and technologies is making the development of complex, powerful applications less costly, less difficult, and less time-consuming.  This section discusses object oriented software, computer-aided software engineering, application programming interfaces, and client/server.



	The use of object-oriented methodologies and tools has become the prevailing technique for software development.  Applications are constructed of objects which are discrete blocks of code and data.  Because objects are encapsulated, they are easily shared and reused across an enterprise.  Object oriented technology also facilitates group programming efforts;  individuals can easily use an object created by another programmer without having to know the object's source code.



	Computer-aided software engineering (CASE) tools, used in software applications development, are evolving steadily.  CASE tools are broken into two classes:  upper CASE and lower CASE.  Upper CASE tools are used in the analysis and design phases of software engineering and produce aids such as data and process models.  Lower CASE tools are used in the development phase of software engineering and generate the application source code.  A recent innovation is integrated-CASE (I-CASE) tools, which integrate both upper and lower CASE tools and facilitate information exchange between them.  In addition to allowing code to be generated from data and process models, these tools enable models to be generated from source code.  This is very important because it facilitates documentation for changes made to software during the development or coding phase and allows reverse engineering of previously developed code.



	The expanded use of rapid application development capabilities in CASE tools and joint applications development techniques is a recent industry trend.  Rapid application development enables the creation of powerful applications without the extensive coding required with conventional application development, thus enabling rapid application prototyping.  The latest rapid application development tools employ a knowledge-based expert system and use a combination of rule-based and object-oriented technology.  Joint applications development techniques emphasize user involvement in applications design, allowing users to provide feedback to programmers throughout the development process.  The combination of rapid application development and joint applications development techniques lets users quickly see the latest versions of the software and provide immediate feedback.  In addition to greatly reducing total development and testing time, this ensures that the developed applications are user compatible.



	The development of uniform application programming interfaces (UAPI) for various operating systems, hardware, and special functions is another trend in software development.  The uniformity of the APIs allows software developers to easily develop compatible applications and insures a minimum level of functionality across applications.  For instance, as mentioned in the section on speech recognition, a group of application developers have joined together to create a standard speech recognition API for windows.  This standard API will allow application developers to more easily integrate speech recognition into their applications, without each application requiring separate, proprietary speech recognition functions and interfaces.



	A recent innovation is the separation of GUIs from APIs (for example, imagine an IBM-OS/2 application with a Motif GUI).  This gives application developers more flexibility in creating applications that exhibit similar look and feel despite running under a different operating system.  Potentially, this will allow users to move from platform to platform with greater ease.



 	Client-server applications are becoming very popular in government and industry.  Client-server is defined by the Gartner group as “a software-based architecture which enables distributed computing resources on local area networks (LANs) and wide area networks (WANs) to share common resources among groups of users at intelligent workstations.”  The user workstation, or client, performs part or all the application processing.  The central data repository, or server, maintains the databases and processes requests from the client to retrieve data from or put data into the databases.  The server is also in charge of controlling network security measures such as login and passwords.  The distributed processing resources inherent in client server can provide for faster access to centralized data than older host-based mainframes that rely on a central processor.  



	A trend in client server computing is the incorporation of three schema database management architecture.  (A schema is a representation of the structure of data.)  The three schema architecture separates the physical data structure from both the user interface and the logical data model used to access the data.  This allows users transparent access to data across several databases.  Additionally, this setup allows modification of the application program (or the user interface) without requiring modification to the structure of the databases it accesses, and vise versa.  This results in time and cost savings for software modifications such as periodic application or database version upgrades.



2.3.6.2  Processing Power and Peripherals

�tc "2.3.1.2.7.2  Processing Power and Peripherals"�

	The processing speed and capabilities of computers are increasing at an astronomical rate.  In less than fifteen years, the processing power of the IBM-PC class of desktop computer has increased more than 100-fold.  As this trend continues, computers will become more able to perform complicated functions that were once too time-consuming or simply impossible.  Increased processing power will have the greatest impact on resource-hungry emerging technologies such as speech recognition, virtual reality, and multimedia applications.  With further increases in processor power, a whole new generation of technologies will emerge.  Peripherals for computers also are evolving rapidly, especially in the areas of PCMCIA devices and optical storage.



	PCMCIA, or PC card, is beginning to have a significant impact on portable computers.  Despite some proprietary differences, PCMCIA is now a de facto standard, and PCMCIA ports are included in virtually all new notebooks and subnotebook computers, PDAs, and personal communicators coming onto the market.  PCMCIA cards offer a plug and play standard which allows for hot swapping, and host computer independence while providing an expanded collection of functionalities.  The PCMCIA slot can provide multiple expanded capabilities including fax, e-mail, file transfer, remote LAN access, on-line services, and intelligent network accessing.  The PCMCIA port will also be used for security applications.  The Assistant Secretary of Defense for C3I has mandated that all new government computers, both portable and desktop, contain two PCMCIA slots.  In addition to the above applications, these slots will be used in conjunction with the Fortezza card, a data encryption device offering several security services.



	Though some compatibility problems currently exist between various PCMCIA card vendors, the second generation of PCMCIA specifications and added PCMCIA slots in most computers will reduce the number of non-interoperable PCMCIA cards.  At the same time, production of standards based cards will dramatically increase user demands for more standard and open PCMCIA cards and slots.  The increasing availability of a wide variety of standard PCMCIA devices, coupled with PCMCIA’s small size, will greatly improve the capabilities of hand-held computers.

�tc "2.3.1.2.7.2.1  Compact Disks"�

	Optical storage has emerged as the distribution media of choice for data distribution and software installation.  The compact disk, or CD-ROM, is an optical storage medium which allows for the storage of a very large quantity (about 650 megabytes (MB)) of data.  Vendors are using CD�ROM to distribute their software applications because the storage capacity replaces multiple diskettes and reduces packaging costs.  CD�ROM benefits users by reducing the time it takes to load software onto their systems.  CD-ROM storage is playing a major role in the “multimedia revolution,” serving as the enabling technology for the distribution of the vast amounts of data required by multimedia applications.  In fact, a PC that is equipped with a CD-ROM reader is generally called a “multimedia PC.”  The read-only nature of CD-ROM is its major drawback.  However, recordable ‘write-once’ CD-ROM is currently available and research is ongoing to perfect recordable and erasable CD-ROM.  Additionally, high density CD-ROM, holding ten times as much data as current CD-ROM, is under development. Other types of optical storage are also emerging, such as optical tape and holographic storage systems.



	The Navy has instructed all Navy and Marine Corps units to make compact disks “the preferred media” for technical manuals, databases, and periodically distributed reference data.  The order from the Chief of Naval Operations specifically requires all naval organizations, whenever possible, to use compact disk technology for publishing future directives, training courses, databases and database updates, logistics and supply information.

	

2.3.6.3  Digitization

�tc "2.3.1.2.7.3  Digitization"�

	Digitization is the process of converting analog data, such as audio and video signals, into digital format.  Digitization is an essential first step that must be taken before a computer, a digital machine, can store or process analog data.  Conversion from analog to digital is done in many different ways.  Therefore, it is essential to know how analog data is digitized in order to process it properly.  For instance, PC graphics and audio files can be stored in numerous formats, each requiring a unique decoder to view or modify them.  The standardization of digital formats, whether on a local or universal basis, will provide computer users with easier data access.



	Imaging is a term that refers to the process of digitizing text and graphical information.  This is typically accomplished using some type of optical scanning hardware to input data from hard copy sources such as documents and photographs.  Imaging can also include the digitization of motion video.  The latest trends in imaging include enhanced processing (e.g. higher resolution scans), faster scanning and digitization, and improved imaging methods and hardware for three-dimensional objects.



	Technical advances in imaging have a direct impact in many areas.  In the area of HCI, the benefits of improved imaging translate directly to improvements in multimedia technology.  This in turn provides enhanced graphical and video quality for use in applications such as computer training.



2.3.6.4  Telecommunications Technology

�tc "2.3.1.2.7.4  Telecommunications Technology"�

	Telecommunications advances also are occurring rapidly.  Recent networking advances include asynchronous transfer mode (ATM), synchronous optical network (SONET), and fiber distributed data interface (FDDI).  The main commonality between these is the quest for increased data transfer speed and quality.  Increased data transfer speed also comes into play in several other areas.  Modem speeds also have been increasing rapidly.  The Integrated Services Digital Network (ISDN) is expanding, offering faster data transfer than conventional analog telephone lines.  On-line services soon may be available to computer users over cable television systems, also allowing much faster data transfer than with phone lines.  Improving digital compression technologies signal a trend that also will contribute to faster data access.  The increased data transfer speeds created by these technologies will serve to make data access more convenient and will enhance real time capabilities that are required for transferring audio and video data.

 

	The transmission of digital audio and video files in real time can require a channel with a large bandwidth.  Digital compression methods often are used to reduce the required data rate, allowing more digitized audio and video data to be transferred in a given channel.  The enhancement and standardization of these compression methods are ongoing trends and will allow for easier transmission and distribution of digital audio and video information.  For instance, Motion Picture Experts Group (MPEG) video encoding is becoming widely used to compress full motion video and accompanying audio signals.  This method can compress digital audio and video signals by up to a 200-1 ratio, a tremendous savings in required transmission bandwidth and storage space.



	An important issue in data communications is security.  Encryption technology is commonly used to ensure the secrecy of transmitted data.  Encryption consists of encoding data in a way that conceals its meaning but does not otherwise alter the data content. Researching extremely secure encryption methods is an ongoing effort in the DoD.



	In order for different vendors’ computer systems to communicate on a network, they must use the same set of rules for the formatting and timing of data transferred on the network.  Open Systems Interconnection (OSI) is an internationally accepted framework of standards for network communications and defines how networking products should be built.  The Government OSI Profile (GOSIP) formerly required government networking devices to comply with OSI.  The purpose was to standardize and allow seamless data transfer across all networked government computers.  Recently GOSIP was replaced with Profiles for Open Systems Internetworking Technologies (POSIT).  This new standard removes the requirement to procure only OSI protocols.   POSIT makes use of the internet standards and the specifications of the Transmission Control Protocol/Internet Protocol (TCP/IP).  Many agencies prefer TCP/IP because it costs less and is more widely used.  The most important concern is allowing easy, user transparent access to networked data.



	In the area of personal communications systems, new methods of multiple access for wireless data and voice communications are being implemented.  Schemes such as code division multiplexing allow greater channel capacity, which will probably translate to cost savings for on-line communications time.



2.3.7  Responsible and Interested DoD Components�tc "2.3.2  Responsible and Interested DoD Components"�



	In the Emerging and Evolving Technologies category, DISA’s former Center for Architecture through its inclusion of applications, GUIs, and multimedia in the Style Guide, had assumed the role of responsible authority at the enterprise level.  Currently, DISA CFS has the responsibility for the Style Guide.  The Army Missile Command/Lead Standardization Agency (MICOM/LSA) was the preparing agency for coverage of expert systems in MIL-HDBK-761A.  It has been suggested that human-computer interaction issues relating to expert systems be included in the Style Guide.  Because of its interest in expert systems, MICOM will continue to be an interested party.  Given the domain level efforts of Army, Navy, and Air Force agencies, they will continue support of enterprise level HCI standards and guidance development.  Other interested DoD components are referenced above in the discussions on emerging or evolving technology subject areas.



2.3.8  Applicable Working Groups (WGs) or Technical Groups (TGs) 

 �tc "2.3.3  Applicable Working Groups (WGs) or Technical Groups (TGs)"�

	The User Computer Interface Subgroup of the DoD HFE TAG, and the DISA CFS GUI Working Group includes emerging HCI technologies in its concerns.



2.3.9  Guidance and Standards

 

	�tc "2.3.4  Guidance and Standards"�No national or federal laws exist that contain requirements for compliance. It appears that no centralized policy specifically addressing office automation technology exists above the Service level.  MIL-STD-454, Standard General Requirements for Electronic Equipment, provides the technical baseline for the design and construction of electronic equipment, but given the DoD mandate to avoid use or citation of military standards, it should be used only as a guideline.



	Definitions and glossaries are included in documents prepared by DISA CFS, MICOM/LSA, the Army, and the Defense Intelligence Agency (DIA).  As long as these documents continue to be used, the preparing authority will be responsible for maintaining definitions and glossaries.  Interested parties would include any user of an enterprise level document.



	The TAFIM, which includes the Style Guide, is available electronically in a hypertext format via the world wide web.  Currently, the electronic TAFIM is in draft form.  Version 3.1 of the Style Guide, which is Volume 8 of the TAFIM, is available electronically and will provide domain level guidance.



2.4 Acquisition 



2.4.1  Discussion



	This section gives an overview of DoD standards pertaining to acquisition processes, including procedures, compliance, definitions and glossaries, and electronic commerce and electronic data interchange.



	Electronic commerce (EC) and electronic data interchange (EDI) are the wave of the future in DoD acquisition.  These technologies will allow for the elimination of the vast amount of paper processing associated with DoD procurement.  DoD will be able to electronically send procurement documents such as requests for proposal (RFP) and request for quote (RFQ) to contractors.  Likewise, contractors will be able to electronically submit documents such as bids and proposals to DoD.  EC and EDI will provide faster information exchanges compared to paper-based transactions.  Also, many transactions will be handled automatically, minimizing human intervention.



2.4.2  Responsible and Interested DoD Components

�tc "2.3.2  Responsible and Interested DoD Components"�

	Under Acquisition Processes, procedures and compliance are not addressed by the DoD HCI Style Guide.  Responsible preparing, coordination, or interested agencies identified in the survey are the Air Force Materiel Command Aeronautical Systems Center, MICOM/LSA, and the Navy.



	President Clinton has mandated that the government use EDI for all procurements by 1997.   DoD desires to conduct 75 percent of its business transactions electronically by the end of 1995.  An important HCI consideration for the accomplishment of these goals will be the implementation of a standardized architecture for electronic procurement data and data transmission.  It is expected that once these goals are achieved, the reduction of paper-based procurement processing and the efficiency of electronic transfer will result in great cost savings.



2.4.3  Applicable Working Groups (WGs) or Technical Groups (TGs)�tc "2.3.3  Applicable Working Groups (WGs) or Technical Groups (TGs)"�

 

	While working groups discuss acquisition at a DoD-wide or service-wide level, no working or technical groups exist which focus on the acquisition of HCI technologies.



2.4.4  Guidance and Standards



	The topical elements under acquisition process include procedures, compliance, and definitions and glossaries.  Current coverage of acquisition procedures and compliance at the enterprise level includes the following:  MIL-STD-1801, MIL-STD-1800A, MIL-STD-1787A, DoD-HDBK-763, MIL-STD-46855B, MIL-STD-1477A, MIL-STD-1794, and The Style Guide.  Domain level coverage of procedures and compliance include the Navy’s UIS and the Army’s HF ATCCS.



	Definitions and glossaries are included in the enterprise level documents of the Style Guide and MIL-STD-1908 and in the domain level documents of HF ATCCS and JSC HCIS.



2.5  Displays, Controls, and User Interface

�tc "2.2  Displays, Controls, and User Interface"�

2.5.1  Discussion

�tc "2.2.1  Discussion"�

	This section discusses the significance and interrelationships of the Displays, Controls, and User Interface.  Displays are devices that are used to transmit information to the user.  Devices used to transmit information to machine receivers are called “controls.”  The principal distinction between displays and controls is in the capabilities of the senders and receivers of the information to be communicated.  Most control devices are also displays because they provide information to users on the condition of the control.  The User Interface encompasses specific interaction between the user and the system.



2.5.1.1  Displays

�tc "2.2.1.1  Displays"�

	The displays subject area pertains to the “look and feel” of displays and user interaction with applications on a general basis.  Because displays provide the “first impression” of an information system, they are essential in establishing an information system as “user friendly.”  The elements of the displays subject area are aligned under categories of design, graphic, and text and other presentation.  The design category includes elements which incorporate evolving engineering and architectural concepts into application hardware and software.  The graphic category includes elements pertaining to concepts for bit-mapped or vector generated visual presentations, such as the GUI which is drawing widespread attention within DoD.  GUI considerations are addressed in the user interface portion of the emerging or evolving technology section.  Under the category of text and other presentations are technology elements that provide textual and other user feedback presentations.



2.5.1.2  Controls

�tc "2.2.1.2  Controls"�

	Similar to the subject area of displays, controls pertain to the “look and feel” of displays and the user interaction with applications.  This occurs through mechanisms used to regulate or guide the operation of a machine, equipment component, subsystem, or system.  Since controls are used as a means of changing or manipulating data in an information system, they are another essential element in establishing an information system as “user friendly.”  The elements of the controls subject area are categorized as automated, manual, and security.  Automated controls refer to system application controls that may be selected by the user for data protection, menu generation, and response time.  Manual controls refer to user interface controls for command selection, cursor, data protection, macros, menu selection, stacked commands, and touch and voice.  Security controls refer to automated system application controls imposed for access levels, log-on and log-off, password, recognition devices, and records and logs.



2.5.1.3  User Interface

�tc "2.2.1.3  User Interface"�

	User Interface refers to the modes by which the human user and the computer exchange data and by which control is commanded.  This includes information presentation, display information, formats, and data elements.  Elements are categorized under the user interface area as dialogue, data or text, and object support.  These categories pertain to the “look and feel” of displays, controls, and the user interaction with applications.



2.5.2  HCI Activities

�tc "2.2.2  HCI Activities"�

	Activity is ongoing in the areas of standards, handbooks, guidelines, and style guides at the enterprise level across all categories.  Coverage of each of the above categories can be found in the military standards documents Military Standard (MIL-STD)-1472D and MIL-STD-1801 and the military guidelines MIL-Handbook (HDBK)-761A and DOD-HDBK-759B.  The DoD HCI Style Guide touches on appropriate elements in each category.  Also, considerable overlap exists between enterprise and domain level coverage.  However, the domain level documents are generally more up-to-date.  Each of the elements addressed at the domain level is extended or referenced in the DoD HCI Style Guide.  Implementation of Enterprise level guidance at the domain level depends upon specific interest within a Service or Major Command.



	The “User Interface Specifications for Navy Command and Control Systems (UIS),” prepared by the Naval Command, Control, and Ocean Surveillance Center for the Naval Command and Control (C2) Systems Ashore Program (PMW-161), is domain-specific and provides detailed specifications for Navy command and control systems.  It addresses human computer interactions, menus, controls, and windows.  It also includes a checklist of mandatory versus recommended provisions as an aid to developers.  Version 3.1 of the Style Guide will offer a checklist similar to that of the Navy's.  The current checklist available on the world wide web is the one developed for version 2.0 of the Style Guide and needs to be updated to match the current version of the document.



	The “Human Factors Guidelines for Army Tactical Command and Control Systems (HF ATCCS),” prepared by the Battelle Pacific Northwest Laboratory (PNL), provides user guidance on design and user interface attributes considered to be common to all Army C2 systems.



	The “Joint Satellite Control Human Computer Interface Standard (JSC HCIS),”  prepared by Air Force Space Command (AFSPC) through assistance from a Human Computer Interface Working Group (HCI WG), describes HCI requirements for the next generation of satellite control systems to be installed by the Air Force, Army, and Navy.  The emphasis of the current draft is on windows and graphics and is intended to be applicable to a variety of computer architectures including mainframes, workstations, PC-based distributed architectures, and simulation systems.



	The “Air Force Intelligence Data Handling System (IDHS) Style Guide,” prepared by Air Intelligence Agency (AIA), provides user interface guidelines for Air Force intelligence analysts and users.



2.5.3  Applicable Working Groups (WGs) or Technical Groups (TGs)

�tc "2.2.3  Applicable Working Groups (WGs) or Technical Groups (TGs)"�

	Three levels of working groups currently exist to assist developments in the Displays, Controls, and User Interface subject areas:  Task Groups for specific standards development through the HFAC Program, Subgroups of the DoD HFE TAG, and Working Groups organized for a particular interest or guideline development such as the HCI WG.



	Under the Guidance of the Human Factors Standardization Steering Committee (HFSSC), the HFAC program has Tri-Service Task Groups working on MIL-H-46855 (now revised as MIL-STD-46855B), and MIL-STD-1472.  The HFE TAG has subgroups for User Computer Interaction, Controls and Displays/Voice-Interactive Systems, and Design:  Tools and Techniques.  The GUI Working Group, organized by DISA, and the HCI Working Group, organized by AFSPC, are other specific working groups established for work in this area.  The DISA GUI working group has not met for a considerable period and has no future meetings planned.  Standards being proposed at the international level and reviewed by the HFSSC are referred to the HFE TAG subgroups for comments and recommendations for adoption.

�tc "2.4  Return On Investment"�

2.6  Return On Investment



2.6.1  Background

�tc "2.4  Return On Investment"�

	This section focuses on assessing the Return On Investment (ROI) for addressing the HCI issues and investing in the emerging and evolving HCI technologies discussed in paragraphs 2.2 and 2.3. Because HCI is pervasive throughout almost every aspect of information technology, HCI considerations are important factors that should be taken into account in assessing the ROI of every information technology (IT) related investment. Today’s environment of tight budgets has made ROI a significant criteria in selecting new information technologies in which to invest.  ROI, in mathematical terms, is the difference between an investment’s annual returns and annual expenses divided by the amount of the initial investment.  However ROI is often used in a generic sense in expressing both qualitative and quantitative benefits gained from an investment.  It is from this perspective that HCI’s ROI must build its baseline.



	Advancing technology can bring fundamental changes in the way people use computers. Investing in new and better technologies requires an assessment of how the users will be affected.  Many important benefits can be found when assessing information technology investments from an HCI standpoint. Unfortunately, many HCI issues and new HCI technologies are expanding or changing so rapidly that track records are exceeded instead of established.  Consequently, decisions makers are experiencing difficulties when trying to justify investment decisions.



2.6.2  HCI ROI Methodology



	The HCI ROI Measurement Tools Paper, included as Appendix D, presents a methodology for determining the ROI for investments in emerging HCI technologies and resolving HCI related issues.  Additionally, the HCI ROI Measurement Tools Paper provides background information on standard ROI techniques and discusses methodologies used in industry for determining ROI on information technology related investments. IT investments often evolve from functional process improvement (FPI) strategies within the DoD corporate information management/enterprise integration (CIM/EI) effort.  In evaluating investments in information technology, DoD 8020.1-M  requires the use of functional economic analysis (FEA).  The methodologies proposed in this paper are intended to be used as tools to aid in the economic assessment of IT investments in conjunction with the requirements of the FEA. 



	There are several common parameters that can be used in assessing the quantitative  benefit of HCI.  These parameters include effects of HCI considerations on productivity, learning time, worker stress, workforce, overhead, injury, flexibility, quality, maintenance, and paper use.  Also, with the movement toward open systems and interoperability, it is important that decision makers steer clear of proprietary technologies when choosing a specific vendor’s solutions.  Generally, technologies that conform to applicable standards for openness and interoperability are more leverageable which means they can be reused if their current application is no longer needed.  The more leverageable a technology, the higher the ROI.



	Each HCI issue and technology was assessed based on its effects on the ROI parameters mentioned above.   The monetary value of the positive effect of HCI on each parameter was calculated using equations and estimates detailed in the following paragraphs. It should be recognized that the accuracy and ease with which benefits can be quantified varies greatly from parameter to parameter.  For instance, a positive change in productivity is more easily and accurately quantified in monetary terms than a positive change in worker stress.  Because HCI ROI is being assessed based on implementation in DoD, determining these values required estimates for several DoD statistics, such as the number of DoD employees, and the portion of these employees who are regular computer users. Table 2-6 shows the DoD statistics and their estimates.  (Text in parentheses are the abbreviations used for the statistical data in following equations.)



Table 2-6.  Estimates of DoD Statistics



DoD Statistic�Value��Number of DoD Employees

 (# DoD employees)�     2,314,000 ��Percent of Regular Computer Users in DoD

(% computer users)�40%��Average Percent of Time using Computer

(% computer time)�50%��Average DoD Employee Salary & Benefits

(DoD salary)� $ 40,000 ��Average Overhead Per Employee

(DoD overhead)� $   8,000 ��Average Paper Use Costs Per Employee

(paper cost)�$      250��



2.6.2.1  Productivity



	The value of an increase in productivity is quantified using the time savings times salary (TSTS) method � TC "3.2.1  Productivity" \f C \l "3" � described in Appendix D.  Since productivity refers to work per unit time, an increase in productivity must initially be converted into a time savings.  Once the productivity 

increase has been converted into a time savings, the TSTS formula is used to calculate the benefit:

Value = (% total time saved) x (total salaries)



where (% total time saved) is the product of the time saved due to the productivity increase and the average percentage of time spent using the computer.  The total salary is the product of the number of DoD employees, the percent of employees who are regular computer users, and the average employee salary and benefits.  The equation becomes:



Value = (% time saved) x (% computer time) x (# DoD employees) x (% computer users) x 

(DoD salary)



2.6.2.2  Learning Time� TC "3.2.2  Learning Time" \f C \l "3" �



	A reduction in learning time allows more productive work to be performed sooner.  The benefit of reducing training time can be quantified using the principles of the TSTS method because the amount of time that training is reduced is essentially 'saved time.'  The value of reduced training time is calculated as follows:



Value = (training hours saved) x (hourly salary)



Training hours saved is the product of the percent of regular computer users in DoD, the total annual employee working hours, the percent of those hours spent training, and the percent of decrease in training expected.  The hourly salary is the product of the average annual DoD salary and the number of DoD employees, divided by the total annual employee working hours.  The equation, when simplified, becomes:



Value = (% computer users) x (% training hours) x (% decrease in training) x 

(DoD salary) x (# DoD employees)



2.6.2.3  Workforce 



	The value of a reduction in workforce is quantified as the sum of the costs displaced or avoided by eliminating workers, including salaries, benefits, office space, and other related costs.  For this assessment, the value of a reduction in workforce is the product of the number of removed employees and the sum of average employee salary and overhead:



Value = (% employees removed) x (# DoD employees) x (DoD salary + DoD overhead)



2.6.2.4  Overhead� TC "3.2.4  Overhead" \f C \l "3" �



	A reduction in overhead includes reducing one or several operations and maintenance costs, such as utilities and office space rental and upkeep.  The value of a reduction in overhead is found using the cost avoidance/displacement method:  value equals the sum of all overhead costs eliminated or reduced.  This can vary greatly depending on the application.  The value used for this assessment is the product of the estimated percent overhead reduction, the average overhead per employee, the percent of regular computer users and the number of people in DoD.



Value = (% overhead reduction) x (DoD overhead) x (% computer users) x (# DoD employees)



2.6.2.5  Worker Stress� TC "3.2.5  Worker Stress" \f C \l "3" �



	The value of a reduction in worker stress is quantified by the elimination of costs associated with the results of stress, which can include absenteeism, increased sick leave, and decreased productivity.  Of course, determining these costs is difficult. The value used for this assessment is the sum of the value of increased productivity (see paragraph 2.6.2.1) and the product of the reduced number of sick/absent days per person, the number of DoD employees, the average daily salary (assume 250 working days per year), and the percent of regular computer users.



Value = (value of productivity increase) + (# reduced sick days) x (DoD salary ( 250) x 

 (# DoD employees) x (% computer users)



The increased productivity percentage is estimated as one tenth of the decrease in worker stress percentage.  The number of reduced sick days is estimated at one day per ten percent (or portion thereof) reduction in stress.



2.6.2.6  Injury (Work Related)� TC "3.2.6  Injury (Work Related)" \f C \l "3" �



	Injury in the office environment consists mainly of repetitive strain injuries (RSI) such as carpal tunnel syndrome.  The value of a reduction in worker injuries is quantified by the sum of avoided costs associated with medical care, workers compensation, sick leave, and decreased productivity. The value used for the reduced sick leave is the product of the reduced number of sick leave days per person, the number of DoD employees, the average daily salary (assume 250 working days per year), the percent of regular computer users, and the percent of affected employees.  The value of reduced workers compensation and medical costs is the product of the percent of DoD employees affected, the total number of DoD employees, the percent of regular computer users, and the average medical costs plus workers compensation for computer related injuries (estimated at $10,000).  To these values is added the value of increased productivity (see paragraph 2.6.2.1) multiplied by the percent of affected employees.



Value = (% affected employees) x [(value of productivity increase) + (# reduced sick days) x (DoD salary ( 250) x  (# DoD employees) x (% computer users) + (# DoD employees) x 

(% computer users) x (average medical + compensation for injuries)]



The increased productivity percentage is estimated as one tenth of the decrease in worker injury percentage.  The number of reduced sick days is estimated at one day per five percent (or portion thereof) reduction in injury.



2.6.2.7  Flexibility� TC "3.2.7  Flexibility" \f C \l "3" �



	Flexibility can refer to increasing range of capabilities without additional modification or training.  The value of this type of flexibility can be quantified as the sum of the costs associated with this additional required modification or training.  As an example, a common user interface among several software applications will allow workers to move from application to application with less training than if the interfaces were completely different.  Increased flexibility can also allow users to be more productive under different conditions, such as the mobile computing environment.  The value of an increase in flexibility is the value of the associated learning time decrease (see 2.6.2.2) and the value of the associated productivity increase (see 2.6.2.1).  The decreased learning time and increased productivity percentages are estimated as one tenth of the percent increase in flexibility.



2.6.2.8  Quality� TC "3.2.8  Quality" \f C \l "3" �



	Quality refers to materiel quality and quality of decisions, business plans, standards, and strategies.  The value of increased materiel quality can be quantified by the reduction of repair costs and the value of longer equipment life.  Higher quality standards can lead to better equipment and processes.  Quality increases in decision making, planning and devising strategies are difficult to quantify.  In this assessment, increased quality is not quantified due to the overwhelming number of variables involved.  Still, the qualitative benefits of increased quality must be taken into consideration when assessing the value of an HCI investment.



2.6.2.9  Maintenance� TC "3.2.9  Maintenance" \f C \l "3" �



	Maintenance includes all costs incurred in the upkeep of a system.  A reduction in maintenance cost can include a reduction in the actual maintenance required by a system or a reduction in the skill level (and hence the salary) or number of individuals required to perform the maintenance.  The value of a reduction in required maintenance is quantified as the sum of maintenance costs (man-hours, materials, etc.) avoided or reduced.  The value of a reduction in maintenance skill level required is the difference in the salary of the higher- and lower-skilled maintenance personnel.  An improvement in this parameter has not been shown for the HCI issues and technologies under current consideration.



2.6.2.10  Paper Use� TC "3.2.10  Paper Use" \f C \l "3" �



	The value of a reduction in paper use is quantified by the sum of reduced or eliminated paper use related costs such as the cost of paper itself, printer ink and ribbons, photocopying, filing and storage, and postage.  The value used for this assessment is the product of the number of DoD employees, the percent of regular computer users, the percent reduction in paper related costs, and the average paper cost per person in DoD.



Value = (# DoD employees) x (% computer users) x (% paper reduction) x (paper cost) 



	Reduction in paper use has been attributed to GUIs having “what-you-see-is-what-you-get” display.  As a result of the visual representation of the data, document and graphics being accurately displayed on the screen, the number of hardcopy outputs prior to final edition is reduced.  



2.6.3  HCI Issues and Technologies ROI Assessments



	The focus of the following paragraphs is to summarize the estimated ROI for addressing each of the HCI issues and investing in each of the HCI technologies.  In the context of this assessment, ‘ROI’ is the annual dollar value of quantified benefits and does not account for qualitative benefits nor costs related to issues and technologies.  For additional information and technical descriptions of the issues and emerging technologies refer to paragraphs 2.2 and 2.3.



	Tables 2-7 through 2-14 show the estimates of the amount of the increase or decrease in the affected parameters and ROI value for each HCI consideration.  For most of the issues and technologies, no research data was found showing quantified effects on applicable parameters.  Therefore, the increases and decreases in affected parameters were estimated and are shown in italics.  Estimates were conservative, but it can be seen that in most instances, small changes in parameters can result in significant monetary benefits.  Most often, a parameter change of only one percent was used (when feasible) in calculations to show the potential for large benefits.  In cases where research data were available showing quantified changes in parameters, the appropriate value is included (along with a reference to the source of the information) and used in calculations.  The tables also indicate, in the ‘Other’ columns, special information or benefits which are unique to a given issue or technology.  These data were not typically used in assessing quantified benefits, but should be taken into consideration when assessing the qualitative value of an HCI investment.  



	The majority  of the ROI assessments are based on DoD wide implementations:  benefits are calculated, using the methods described above, assuming that the investment affects all DoD regular computer users.  Any special calculations performed for issues or technologies which have a more limited or broader range of application are described.  Text in the following paragraphs focuses on HCI areas where ROI research data was found and HCI issues or technologies that require special calculations.  



2.6.3.1  Computer Related Health Issues--ROI



	Computer related health issues include psychological issues, computer related health risks and ergonomics.  Table 2-7 summarizes affected parameters and ROI for addressing computer related health issues.



	Implementing ergonomic work areas has been shown to increase productivity by up to 20% (The Ergonomics Consortium, “Developing An Ergonomics Program for the Computerized Office,” New York 1995.  Quoting studies by Francis and Dressel (1988), T. J. Springer (1982), Dainoff (1990), and Hecox (1993) showing productivity increases from 4 to 20%).  This combined with expected decreases in worker stress and near elimination of injury result in a very favorable ROI.







Table 2-7.  ROI for Addressing Computer Related Health Issues
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2.6.3.2  User Issues--ROI



	User issues include access for the disabled, user knowledge and experience level, environmental protection, and telecommuting.  Table 2-8 summarizes affected parameters and ROI for addressing user issues.



Table 2-8.  User Issues ROI
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	Providing customized access for disabled persons directly affects their ability to be productive.  Supplying disabled persons with the appropriate technology can have significant impact on work output.  For this assessment, it was assumed that 0.3% of DoD employees would be positively affected by addressing access for disabled persons.  (This rough estimate is based on defense civilian disability data and accounts for only disabilities which are positively affected by access technology.)  A conservative estimate of 25 percent increase in productivity was made for affected individuals.  Access-enabling technologies also make it easier for agencies to abide by the Americans With Disabilities Act, which imposes penalties for unlawful discrimination against disabled persons.

 

	Telecommuting has the potential to offer significant monetary benefit to DoD.  Studies have shown that telecommuters are 25% more productive and overhead savings can be up to $5,000 per telecommuter per year. (Bruce T. Guptill, “Telecommuting:  Good News From the Front,” Extended Workplace Integration Vista, New Science Associates, Inc., 1994.  Studies showing 10-25% increase in productivity.  Bruce T. Guptill, 1994.  Studies showing reductions of $3,000 - $5,000 in overhead.)  This combined with reduced worker stress adds up to an impressive ROI.



2.6.3.3  Artificial Intelligence--ROI



	Artificial intelligence technology includes expert systems, artificial intelligence tools and help, and intelligent agent software.  Table 2-9 summarizes affected parameters and ROI for artificial intelligence technology investment.



Table 2-9. Artificial Intelligence ROI
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	Expert systems have varied applications, such as logistical and mission planning.   Investment in expert systems will most likely affect only a relatively small portion of DoD.  This assessment roughly estimates that associated increases in productivity and decreases in worker stress will occur for one percent of DoD employees.  Also, the possibility of replacing human experts could allow DoD workforce reduction.  As a rough estimate, one tenth of a percent reduction in workforce was used in calculations.



2.6.3.4  User Interface--ROI



	User interface technology includes GUIs, virtual reality, digital audio and video, computer-telephone integration and teleconferencing, hypertext, groupware, and ubiquitous computing.  Table 2-10 summarizes affected parameters and ROI for user interface technology investment.



	Research has shown great productivity enhancements provided by graphical user interfacing. (D. Brown, “CUI or GUI?” Gartner Group Research Note, December 7, 1994.  Studies showing productivity increases from 48 to 78%.)  Productivity enhancements combined �

Table 2-10. User Interface ROI
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with decreased learning time and RSI type injuries and increased work quality make GUI technology one of the most valuable design investments,  an investment whose benefits have been realized in many DoD components using IT.



	Virtual reality has various applications, including proven training applications, but will have limited application for the range of DoD computer users.  The productivity increases and learning time decreases afforded by virtual reality are roughly estimated at affecting one percent of all DoD workers.  In the area of training, virtual reality has provided monetary savings and safety benefits over conventional “real-world” training.



	Groupware has the potential to change the way people work as a team.  Benefits include increased productivity, flexibility, and quality and also decreased paper use.  Lotus Notes groupware has been shown to provide an exceptionally high mathematical return on investment.  (Monta Kerr, “Study Finds Notes Used by IT to Justify Existing Networks,” Computing Canada, April 27, 1994.  Reference to study by International Data Corporation showing a return on investment ranging from 16% to 1,666%  (179% on average) for Lotus Notes.)



	Ubiquitous computing will likely someday affect everyone in DoD, not just regular computer users.  The extent of potential benefits of ubiquitous computing is yet to be determined, but the envisioned ever-present yet invisible computer will no doubt have great effects on productivity.



2.6.3.5  Input Devices and Methods--ROI



	Input devices and methods technology includes pen-based input, natural language, speech recognition, gesture input, eye tracking, and thought and brainwave input.  Table 2-11 summarizes affected parameters and ROI for input devices and methods technology investment.  There were no studies found to substantiate effects from these technologies so the one-percent example was used in all cases.



Table 2-11. Input Devices and Methods ROI
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2.6.3.6  Help and Learning--ROI



	Help and learning technology includes computer based training and interactive help.  Table 2-12 summarizes affected parameters and ROI for help and learning technology investment.



	Research shows that Computer Based Training (CBT) reduces an individual’s learning time by 30% when used in conjunction with multimedia technology. (Robert Lindstrom, “Multimedia: Swiftly, Agencies are Reaping the Benefits with a Blend of Audio and Visual,” Government Computer News November 8, 1993.  Referencing a study by the Institute for Defense Analysis showing decreases in learning time of about 30%.)  Implementation of CBT on �

Table 2-12. Help and Learning ROI
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a wide scale could reduce the instructor workforce and replace paper manuals with computer tutorials.  Research has also shown significant increases in student knowledge retention and decreases in total training costs.  ( Robert Lindstrom, 1993. Referencing a study by the Institute 

for Defense Analysis showing increased retention of 68% and a 30% training cost reduction.)  ROI calculations for CBT estimated that DoD employees spend one percent of their time in a training or learning environment and assumed that CBT is useful across the entire DoD population as opposed to only regular computer users.



2.6.3.7  Hand-Held Computers and Personal Communications--ROI



	Hand-held computers and personal communications technology includes PDAs and personal communications systems.  Table 2-13 summarizes affected parameters and ROI for hand-held computers and personal communications technology investment.



Table 2-13. Hand-Held Computers and Personal Communications
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	The PDA can provide many useful functions but presently they are most useful in specific, limited applications.  In specific applications, PDAs are expected to increase productivity and decrease paper use.  The portable nature of PDAs also allows them to increase worker mobility.  Personal Communications Systems (PCS), which are often available as a PDA function, will increase worker productivity and flexibility.  This assessment estimates that PDAs will be used by one percent of DoD employees.



2.6.3.8  Secondary HCI Related Trends and Technology--ROI



	Secondary HCI related trends and technology includes software tools and development, processing power and peripherals, digitization, and telecommunications technology.  Table 2-14 summarizes affected parameters and ROI for secondary HCI related trends and technology investment.



Table 2-14. Secondary HCI Related Trends and Technology
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�3.0  HCI Integration strategy implications



3.1  Introduction�tc "3.1  Introduction"�



	Corporate Information Management (CIM) is a strategic, collaborative management initiative to guide the evolution of the DoD enterprise and take advantage of the benefits of the information revolution.  It represents a partnership of functional and technical management to achieve a combination of improved business processes and effective application of information technology across the functional areas of the DoD.  Enterprise Integration (EI) is the CIM key implementing strategy for meeting the formidable new challenges DoD faces as it moves toward the 21st century with transition to the Defense Information Infrastructure (DII) and incorporation into the National Information Infrastructure (NII).



	Technology insertion is a popular term for the process of managing information pertaining to new and emerging technologies and integrating them into an enterprise.  This section describes how technology insertion fits into the CIM strategy for Enterprise Integration and presents a framework for the technology insertion aspect of integrating HCI in DoD.



3.2  Corporate Information Management and DoD Enterprise Integration�tc "3.2  Corporate Information Management and DoD Enterprise Integration"�



	CIM provides the overarching policy for functional (i.e. “business”) process re-engineering, standard data, common information systems, and standards-based infrastructure necessary to achieve a totally integrated enterprise.  One of the defining aspects of the integrated enterprise is the management of information as a strategic resource.  As with all strategic resources, significant emphasis should be placed on the accumulation, dissemination, and protection of information.  One way to enable DoD to move from the current environment to one that is more integrated is to provide more effective information management processes such as technology insertion.



	Figure 3-1 presents an illustration of the CIM model for change.  While the total process of integrating HCI in DoD affects all elements of the change model, this particular concept strategy for technology insertion would affect three of the elements (shaded) represented in this model:  improve processes, improve data, and improve the computing and communications infrastructure.  A viable technology insertion process will foster these improvements by making accurate and timely information readily available to IT professionals across DoD functional boundaries.  Delivery of accurate data on a timely basis depends upon the quality of information provided by parties who supply and use the data.  Therefore, the importance of participation must be communicated.  This is consistent with one of the critical success factors of Enterprise Integration, communicating the strategy.  When the Defense Community fully adopts Enterprise Integration, quality information will flow more freely.  Improved processes and data quality will contribute to infrastructure improvement.  However, infrastructure improvement will also require 
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Figure 3-1.  HCI Affects Three Elements of the CIM Model for Change





the support of electronic methods of disseminating information.  It is envisioned that technology insertion will be supported by an electronic data repository and methods for storing and accessing the information pertaining to new and emerging technologies.  When implemented, this would be a major contribution to infrastructure improvement.



	Another component to the enterprise integration strategy is incorporating the DoD Enterprise Model as a tool for strategic planning.  The DoD Enterprise Model is the overarching description of all the activities and data within the Department of Defense.  Figure 3-2 shows the linkage between the enterprise perspective (the strategic view) and the lower level function activities (bullets).  The DoD Enterprise Model provides senior leadership a strategic view of defense activities and data so they can assess current performance and strategically plan improvements from a global end-to-end process perspective.  Since the model is adaptable to each level of the total DoD enterprise, an HCI component of the enterprise integration strategy is envisioned to have a great impact on the delivery of information and the integration of information systems at all levels of the enterprise.  HCI is at the very heart of computerized 



�







Figure 3-2.  Human Computer Interaction Is Active at Each Level of the DoD Enterprise





information access.  DoD must migrate from the paper-oriented environment of the past, comprised of multiple incompatible stovepipe computer systems, to the environment foreseen in the enterprise model, which needs to specifically include HCI activities.  In order to accomplish this goal, a user friendly system of information processing and dissemination must be developed and implemented.



3.3  HCI Health and User Issues Technology Response�tc "3.3  HCI Health and User Issues Technology Response"�



	EI success will increase the use of information technology.  The health and user issues will intensify, as will technological and managerial responses.  The HCI health and user issues need to be incorporated into the DoD Enterprise Activity Model in each activity level.  Direction must be established which will incorporate rules and guidance that will reduce or alleviate the physical and psychological ill effects of increased technological use.  The acquisition of assets must take into consideration new technological designs and situations to all aspects of HCI user issues allowing for a greater use and increased productivity by users of the technology EI acquires.  Increased capabilities will need to include improved user interfaces and advancements in HCI while all aspects of employee services must continually take into account the ultimate factor which will determine success or failure of any effort -- the well being of the end user which is the focus of HCI issues.



3.4  HCI Technology Insertion Framework�tc "3.4  HCI Technology Insertion Framework"�



	One of the CIM initiative goals is cross-functional integration.  An enterprise strategy for technology insertion will contribute to that goal by facilitating the dissemination of information throughout the enterprise.  In an integrated environment, cross-functional integration is an important consideration in investment decisions.  Enterprise Integration strategy includes financial management, which “ensures shared resources that are programmed and budgeted across functional lines.”  A corporate database on new and emerging technologies is a valuable resource when attempting to maximize ROI in information technology.  Assessments of these technologies can be used to determine the “best” practices of industry and government, leading to a reduction in redundant and non-value added activity.  The framework for HCI technology can be modeled after the Air Force C4I technology insertion process.



	The Air Force has defined technology insertion as the process of identifying, assessing, applying, and validating new and emerging technologies.  In the Air Force C4I Technology Insertion Process, the Human Computer Interface is but one of several technology focus areas.  The human-computer aspect of the process, as defined by the Air Force, is broadened in this discussion to include the entire realm of HCI.  Figure 3-3 illustrates the process for HCI technology insertion presented in this section.  The framework that describes this process envisions DoD providing a subject-oriented information clearinghouse for a community of participants.  In return, DoD would inherit a valuable repository of information or meta-index pertaining to new and emerging technologies.  Though the scope of this discussion is the realm of HCI, the ideas are purposely presented from a broader perspective to demonstrate their applicability in other technology disciplines.
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Figure 3-3.  HCI Technology Insertion Process



	The extent of external involvement in the collection of data distinguishes the process being described here from that of the Air Force.  Whereas data collection is internally initiated in the Air Force model, data collection is envisioned in this model to be mostly externally initiated.  The proposed framework is being suggested as an infrastructure which could support these efforts and is not intended to supersede Air Force or other related DoD initiatives.



	Successful implementation of this framework depends upon the achievement of three primary goals.  First, it must be participative and cooperative, taking into account the efforts and activities of government, industry and academia.  Second, it must be centralized but non-bureaucratic.  These qualities will foster ease-of-use which is essential for achieving “buy-in” to any cooperative process.  Third, it must be coordinated, which implies that the motivation and means for communication exist.  The four phases of technology insertion � �identification, assessment, application, and validation � are discussed below in light of these goals.



3.4.1  HCI Technologies Identification�tc "3.4.1  HCI Technologies Identification"�



	Some technologies exist whose foremost application lies in the realm of defense or education.  However, the true test of viability for any technology is its acceptance in the marketplace.  Industry will play the key role in the technology identification phase, but not to the exclusion of other potential sources of emerging technology trends.  Some of the probable sources of information include government, commercial, and academic consortiums; R&D facilities; information from and demonstrations by vendors; trade journals and trade shows; Internet; and technical courses and seminars.  Each of these, in addition to DoD domain-level activity such as proof-of-concept efforts and full-fledged programs, are potential sources of information for this phase of the process.  As the trend toward use of electronic communications and storage media continues, information resources will proliferate and compatibility with the goals stated above will increase.  A current trend that illustrates the validity of this assumption is the growing popularity of the Internet.  By virtue of its openness and inclusiveness, the Internet has fostered a great degree of participation and cooperation without imposing undue structure on its users.



	The overall goal of the identification phase of the process is to establish the existence of the technology on a centralized storage facility.  This will entail the creation of an electronic record of the technology.  This electronic record, referred to hereafter as the identification record, will be stored on a bulletin board, in a mailbox (on the Internet or other network), or in a database.  The purpose of the identification record is to support the participating community in their efforts to research emerging technology.  It will include information such as an abstract, related subjects and keyword, bibliographic information on assessment data (see below), brief information on current and potential applications (e.g. projects and programs), and various points of contact.  The records will be indexed by subject area which will allow users to focus on areas of interest such as User Computer Interface (UCI), Controls and Displays, or Ergonomics.  Convenient (i.e. non-bureaucratic) mechanisms for recording and retrieving information will be established, allowing participants to easily provide and access information.  This information will allow interested parties to track specific HCI technologies.  Organizations with limited funds will benefit from the ability to monitor events, without risking money on potential dead-end technologies.  Any participating organization will be able to introduce a new technology to the community, but the level of activity pertaining to that technology must be observable.



3.4.2  HCI Technologies Assessment�tc "3.4.2  HCI Technologies Assessment"�



	The assessment phase is essentially the collection and dissemination of information.  A variety of information must be made available to the participating community in order to maximize the utility of the technology insertion process.  Therefore, the assessment phase actually continues through the application and validation phases.  Assessment information is envisioned to include technology trend literature, product reviews, vendor track records, and lessons learned by the user community, as well as the information described in the subsequent phases.  The emergence of a technology will be marked by the accumulation of a database, thus enabling potential users to determine when and how to participate.



	Once a technology has reached this phase, its applicability will become apparent to the majority of the community.  Some technologies will prove infeasible, and some will be made obsolete by the emergence of others.  Some technologies may actually remain in the assessment phase, awaiting practical application.  Whatever the case, potential adopters of an identified technology will have ample information on which to base investment decisions.  A participant (i.e. a component within DoD) may be unable to obtain a clear understanding of the state-of-the-art of an emerging technology from the assessment data available.  In this case, they may be able to justify funding their own assessment.



	The primary goal of this phase of the technology insertion process is to relate the body of assessment information, which may be voluminous, to the identification record.  As noted above, the identification record is intended to support the accessing organization in their quest for information about a technology.  In its most basic form, it would do so by providing an annotated bibliography of assessment information.  It is envisioned that bibliographic information will continue to be added throughout the remainder of the technology insertion process.  Providing and accessing assessment information is the core function of the overall process; therefore, ease-of-use will be critical.  The interested organization would use information provided in the bibliography to perform the subsequent research.  A more robust system could provide electronic storage of assessment information, hypertext links to online information, as well as download capabilities.  The volume of information represented by the identification records alone may probably create a requirement for supplemental indexes and searching capabilities.



3.4.3  HCI Technologies Application�tc "3.4.3  HCI Technologies Application"�



	The application of technologies phase of the technology insertion process is where interest in a specific technology will likely become domain oriented.  In other words, instead of tracking trends of a given technology throughout the entire community, the accessing organization will try to focus on information that specifically relates to their own situation.  In the realm of DoD, domain orientation is the activity that takes place within the various programs of DoD components.  In this phase, the type of information sought would include detailed documentation of applications within a specific domain.  Such documentation might include application development methodologies, proof of concept analysis, return on investment analysis, interoperability analysis, design documents, and users manuals. This type of documentation provides the level of detail needed by persons attempting to merge new technology into existing systems.



	The primary goal of the application phase is to provide a means for the participating community to link those who have documented application experience with those who would benefit from it.  The identification record will be the enabling mechanism, allowing the accessing organization to focus on the information needed.  Information of interest might include a list of projects involving application of new HCI technologies, brief project descriptions, project status (i.e. in the system development life cycle), an annotated bibliography of pertinent documents, and names and location information of people involved.  Again, this service could be limited to providing bibliographic information which would then be used by the accessing organization to do further research, or it could be expanded to provide fuller service such as that noted in the assessment phase.



3.4.4  HCI Technologies Validation�tc "3.4.4  HCI Technologies Validation"�



	As with the application of HCI technologies, validation is envisioned to be domain oriented.  To a certain extent, the proliferation of applications involving an emerging technology validates its commercial existence; however, the true validation information lies in the details of the application’s documentation.  Documentation including project plans, procurement schedules, test plans, and test results is produced on a per project basis.  As suggested above, the bibliographic information on the identification record should include such documents.  This information will provide users with access to lessons learned by earlier adopters of a technology.



	Compliance with open systems architecture is an important issue in technology validation.  While the scientific merit of a new technology is important, its value is limited if its implementation is proprietary in nature.  For instance, the introduction of an advanced microprocessor will have restricted benefits if it is only available in a computer that uses a proprietary operating system.  Proprietary implementations of technological advances lock consumers, whether commercial or government, into doing business with a specific vendor.  The resulting lack of competition can cause increased costs and limited or untimely availability for products and services.  Emerging technologies that go against open systems principles should be carefully evaluated to ensure that the technical benefits outweigh the restrictions imposed by their proprietary nature.



	Standards and guidance documents from standards organizations, government, and industry serve as de facto validation of new technology.  In fact, the production of such documents signals the transition of a technology from emerging to adopted.  Sources of standards and guidance include the ISO and the ANSI, government agencies such as DoD, and commercial vendors such as Microsoft and IBM.  Bibliographic information should also include applicable standards and guidance documents.  Not only does standards and guidance documentation provide proven and accepted methods for implementing technology, but it also provides a mechanism for measuring the relative benefits of vendor products and services.



�4.0  The dod hci roadmap



4.1  Introduction�tc "4.1  Introduction"�



	Business process re-engineering is one way to approach the challenge of implementing the process described above and is based on methodologies that model the behavior of an organization.  Many of the changes taking place in DoD currently involve this discipline.  A major goal of business process modeling is to uncover more efficient ways of doing business.



	This is accomplished primarily through reduction of redundancy.  Models representing current business practices (as-is models) are created to give modelers insight into a given domain.  Process models (to-be models), created using the engineering approach, represent the target environment of the organization.  Comparisons and evaluations of the two models identify the redundancies and inefficiencies of current business processes.  Plans to implement business process improvements are then drafted to resolve these redundancies and inefficiencies.



	Three goals are established in employing this methodology for DoD HCI integration featuring technology insertion:



1)	Determine the DoD HCI Program Target Process Model, to include:



a)	Incorporating improved user interfaces,



b)	Incorporating health and user issues in Enterprise Activity Model,



c)	HCI Technology Insertion Process, and



d)	Establishing an information repository;



2)	Develop a coordinated Implementation Plan; and



3)	Institutionalize the DoD HCI program.



Each goal includes documentation products for its milestone achievement.  The products marking the first goal's milestone are models representing current technology insertion processes (i.e. as-is model) and the target process to which DoD will migrate (i.e. to-be model).  The product marking the second goal's milestone is an implementation plan.  The product marking the final goal's milestone is user documentation of the information services implemented to support the technology insertion process.  The time frame required to produce these products is beyond the scope of this document.  The following paragraphs represent a starting point for a long-term effort to achieve these goals.







4.2  Current Activity�tc "4.2  Current Activity"�



	Significant activity is ongoing in DoD that contributes to current enterprise-wide integration of new and emerging HCI technology.  This section characterizes these efforts in terms of current and future applicability to technology insertion.  The accounting of this activity is not intended to be exhaustive due to the fragmented nature of the current environment.  Therefore, it is recognized that future contributions to the establishment of an enterprise technology insertion process may come from sources not identified here.



4.2.1  Administrative Activity�tc "4.2.1  Administrative Activity"�



	From an HCI perspective the most significant contributions to technology insertion come from the DoD Human Factors Engineering Technical Advisory Group (HFE TAG).  This group's role is expected to continue and perhaps expand.  The HFE TAG and, specifically, the User Computer Interaction (UCI) subgroup addresses technologies that affect man-machine system development and operation over the entire system life cycle.



	One of the goals of the HFE TAG is to “enhance working-level coordination among Government agencies involved in HFE technology research, development, and application.”  The membership of the HFE TAG represents a wide variety of backgrounds and expertise, so the potential for contribution from this group is large.  The HFE TAG could play an important role in each phase of the technology insertion process by providing, tracking, and disseminating information resources.  The information resources of the HFE TAG are immense because they extend beyond the TAG membership and into the organizations of its members.



4.2.2  Information Resources�tc "4.2.2  Information Resources"�



	Planning for the HCI component of the Air Force technology insertion initiative is underway.  Under the auspices of the Air Force Command, Control, Communications, and Computer Agency (AFC4A)/TN, this effort will include the development of a repository of information on technical capabilities, applications, and the status of technology tests.  This effort should be monitored closely for two reasons.  First, the information tracked in the Air Force technology insertion process is directly applicable at the enterprise level.  Second, the Air Force is planning to use an Internet application to implement services to support their information requirements.  DoD might be able to leverage this initiative by providing value added services.



	The Defense Technical Information Center (DTIC) is another potential contributor to the HCI technology insertion process.  DTIC provides access to and transfer of scientific and technical information to DoD and U.S. Government personnel, and to the contractor community.  Most of the information available through DTIC is stored in three databases:  the Technical Report Bibliographic database containing records associated with completed research, the Research and Technology Work Unit Information System (WUIS) consisting of management information summaries reflecting the information about current activity, and the Independent Research and Development database comprising information about R&D efforts of major defense contractors.



	Through their databases, DTIC offers a number of products and services, including hardcopy and electronic copies of reports and documents, subject-related bibliographies, and reports.  The volume of DTIC information provides the potential for contribution.  Given the sensitivity of much of the DTIC data, it is unlikely that they would allow full access to the larger community.  Even if access would be allowed via some form of electronic link; technical obstacles, such as security, would have to be addressed.  The most basic contribution DTIC could make is to allow the information repository to reference their resources.



	In addition to providing products and services, DTIC sponsors organizations known as DoD Information Analysis Centers (IACs).  According to the IAC Directory, “IACs have a broad mission to improve the productivity of scientists, engineers, managers, and technicians in the defense community through timely dissemination of evaluated information.”  IACs offer products and services to government, industry, and academia in the following categories:  abstracts and indexes, technical inquiry services, referrals, bibliographic inquiry services, scientific and engineering reference works, state-of-the-art-reports, critical reviews and technology assessments, current awareness (i.e. trends), and technical area tasks.  Of the nineteen IACs, two organizations have the greatest interest in HCI technologies:  the Crew System Ergonomics Information Analysis Center (CSERIAC) and the Tactical Warfare Simulation and Technology Information Analysis Center (TWSTIAC).  CSERIAC promotes itself as “the central source for human factors information and technologies.”  TWSTIAC is the main resource for supporting DoD modeling and simulation efforts.  Since the IACs are DTIC sponsored organizations, they share the same concern for data security, so direct links to IAC data may not be possible.  Both DTIC and the IACs operate on a fee for service basis, so cost may be another obstacle to the use of these information sources.



4.3  Information Repository�tc "4.3  Information Repository"�



	Implementation of the to-be process model would probably not be feasible without using services provided on the Internet to establish an HCI program information repository.  Several issues must be resolved to achieve a successful implementation using the Internet.  These issues are presented below along with a cursory description of how the implementation could be accomplished using Internet services.  As noted above, these sections are intended to present a starting point for an implementation plan.



4.3.1  Implementation Issues�tc "4.3.1  Implementation Issues"�



	The foremost question to be answered before the information repository concept can be turned into a reality is:  Who will sponsor it?  Necessary resources will need to be devoted to build the required support infrastructure and, subsequently, to manage it.  In the current budgetary environment, funding for those resources may be difficult.



	Security is another issue that must be resolved before key organizations will be convinced to participate.  Any plan will have to include provisions to protect access to information.  At the same time, security should not be an impediment to participation.  It is difficult to administer security in a population as diverse as the one being suggested here, but encryption and authentication technologies will make inclusion of classified and sensitive data feasible in the future.



	The envisioned environment is one where DoD personnel and contractors have the ability and the inclination to explore the state-of-the-art emerging HCI technologies.  Having this ability implies the existence of a systematic way to access information and having the inclination implies that people know of it and are not apprehensive about using it.  The challenge of making this concept a reality is not limited to providing a usable system.  It also includes the promotion of the system once it is in place.  The system will fulfill its potential only if it is widely used.  The system must be easy to use and provide benefit to motivate participation.



	Related to the issues of ease-of use and promotion are the issues of training and user resistance.  Assuming that the envisioned system is easy to use, training will be the most effective way to promote it.  However, training should be structured in such a way as to alleviate anxiety, as well as to inform people on how to use the system, including ways which will minimize health risks.



	One of the critical success factors for Enterprise Integration is communication.  The strategy seeks to empower people to “remove functional and technical barriers that prevent the Department from bringing all its available capabilities to bear on its assigned missions.”  This philosophy is a primary tenant in the paradigm shift that represents the information revolution.  It implies that the application of information technology must coincide with the empowerment of people to achieve strategic objectives.  Overcoming issues, such as security and promotion, is critical to the successful implementation of an information repository and the greater goal of Enterprise Integration.



4.3.2  The Internet�tc "4.3.2  The Internet"�



	A service on the Internet would provide the most effective implementation of the idea of an information repository.  In fact, this type of service is largely responsible for the growing popularity of the Internet.  The proliferation of such services has accelerated since the introduction of the information service known as the World Wide Web (WWW).  The WWW is a hypertext-based system used for locating resources on the Internet.  The information services provided on the WWW are products of many thousands of man hours spent perfecting various technologies.  These technologies are manifested in various programs and protocols.  One of the greatest advantages to using the WWW is the ability to leverage the work of others.  Taking advantage of these services only entails making use of free computer software.  This section discusses the hypermedia and client-server technologies that comprise services offered on the WWW.



4.3.2.1  Hypermedia�tc "4.3.2.1  Hypermedia"�



	Hypermedia, an extension of hypertext, is the technology that empowers the WWW.  In hypermedia, objects can be expanded to provide further information.  Expanding on an object means linking to or cross-referencing other objects including text, graphics, and audio.  In a graphical implementation, following a cross-reference would involve selecting the cross-referenced object with a pointing device which would then cause the object on the other end of the cross-reference to be displayed.  Hypermedia lends itself to the subject oriented nature of the information to be captured in the technology insertion process.



4.3.2.2  Client-Server�tc "4.3.2.2  Client-Server"�



	Information services on the WWW depend on a client-server paradigm.  Information providers establish servers that are available to information seekers or clients.  Both server and client software are provided on the WWW.



	An information repository is set up on the WWW through providing a server.  A server comprises computer software that handles information requests and the data that is being accessed by the user (client).  Several types of servers are available on the Internet.  Wide-Area Information Servers (WAIS) are full text databases that allow retrieval of a document simply by specifying any of the words which occur in it.  File Transfer Protocol (FTP) is the standard Internet protocol for copying files between computers.  Net-News Transfer Protocol (NNTP) is used for navigating through Usenet News which is the “bulletin-board” of the Internet.  Articles, grouped into news-groups depending on their content, are contributed on a wide variety of subjects.  HyperText Transfer Protocol (HTTP) servers are geared toward hypertext or hypermedia in that both server (provider) and the client (browser) recognize the same language.  This language, known as HyperText Mark-up Language (HTML), provides the syntax to allow for cross-referencing.  Given the volume of information that could be made available on a given technology from its introduction through its maturity, subject cross-referencing will be an important service to provide.



	Implementation of a server is basically a three step process.  First, the source code for the server must be acquired via what is called an anonymous FTP which entails copying the program from a public area.  Second, the code must be converted into an executable format.  Third, the information must be logically organized, and all the files to be provided as resources to the WWW must be “marked-up” using HTML.  A conversion to the HTML format enables the cross-referencing of objects.  A hypertext object can be linked to any other object (even a non-hypertext object) that is locatable on the WWW.  This is made possible through what is known as the Uniform Resource Locator (URL).  The URL is comprised of three components:  the server protocol, the machine name (internet address), and the file specification on the accessed machine.



	Setting up a client or browser involves obtaining client software or browsers such as Mosaic via anonymous FTP.  Also, commercial browsers are available such as Lynnx and OmniWeb and are available for Windows, Unix, Mac, and NextStep platforms.  Browsers are also included as part of commercially available Internet access packages.  Browsers are available in GUI and text-based versions of the hypermedia or hypertext software.



�5.0  Summary



	This document has presented a concept for integration of the DoD Human Computer Interaction (HCI) Program through:



l	Discussing the envisioned functional areas for integration,



l	Discussing the applicable guidance documents and the responsible and supporting DoD components responsible for each document,



l	Discussing issues and emerging technologies affecting HCI that were not addressed in source documents or by DoD components



l	Discussing the need for ROI analyses as integral to the integration methodology, and



l	Presenting a concept for program integration emphasizing technology insertion that is fully compatible and complementary to the CIM and EI strategies.



	Return on investment has become an important criteria in selecting emerging technologies for insertion in DoD.  Improved productivity and adherence to open systems standards are two characteristics of investments that yield greater returns.  Research on the benefits of emerging HCI technologies is limited; however, it can be seen that even when HCI technology investments provide only small gains in productivity and other parameters, large monetary benefits still can result for DoD.



	Adoption of an HCI integration concept that features technology insertion as a primary tenet is fully consistent with the overall DoD CIM strategy as implemented through EI strategies.  HCI should be considered a key element of the EI strategy.  Technology insertion for HCI would be an expansion of the ongoing Air Force strategy for C4 systems technology insertion, which includes human computer interface as one of six technology focus areas.  The technology insertion process would comprise identification, assessment, application, and validation of technologies.  An information repository application of the Internet Worldwide Web is envisioned for the implementation of this process.



	The starting point discussion presents the following goals for installing an integrated DoD HCI program:



1)	Determine the DoD HCI program target process,



2)	Develop a coordinated Implementation Plan, and



3)	Institutionalize the envisioned DoD HCI program.



	The issues that need to be resolved to develop the Implementation Plan are:



	1)	What agency will sponsor the information repository,



	2)	Security for the Internet applications,



	3)	Proponency to motivate participation, and



	4)	Training to alleviate user anxieties and decrease health risks.



Establishing information services on the Internet (world wide web) involves hypermedia technology and a client-server paradigm.



�

Appendix A.  Acronyms



A

ABC	Activity Based Costing

AIA	Air Intelligence Agency

AIS	Automated Information System 

AFC4A	Air Force Command, Control, Communications, and Computers Agency

AFSPC	Air Force Space Command

AMA	American Medical Association

ANSI	American National Standards Institute

API	Application Programming Interface

ATM	Asynchronous Transfer Mode



C

CASE	Computer-Aided Software Engineering

CBT	Computer Based Training

CD-ROM	Compact Disk-Read Only Memory

CFS	Center for Standards

CIM	Corporate Information Management

CRT	Cathode-Ray Tube

CSERIAC	Crew System Ergonomics Information Analysis Center

CTD	Cumulative Trauma Disorder

CTI	Computer-Telephone Integration

CUI	Character-based User Interface



D

DIA	Defense Intelligence Agency

DII	Defense Information Infrastructure

DISA	Defense Information Systems Agency

DoD	Department of Defense

DTIC	Defense Technical Information Center



E

EC	Electronic Commerce

EDI	Electronic Data Interchange

EI	Enterprise Integration

EPA	Environmental Protection Agency



F

FDDI	Fiber Distributed Data Interface

FEA	Functional Economic Analysis

FEMA	Federal Emergency Management Agency

FPI	Functional Process Improvement 

FTP	File Transfer Protocol



G

GATT	General Agreement on Tariffs and Trade

GCCS	Global Command and Control System

GOSIP	Government Open Systems Interconnection Profile

GPS	Global Positioning System

GUI	Graphical User Interface 



H

HCI	Human Computer Interaction or Human Computer Interface (For purposes of this document, "Interaction" is meant unless specified otherwise.)

HCI WG	Human Computer Interface Working Group

HF ATCCS	Human Factors Guidelines for Army Tactical Command and Control Systems

HFAC	Human Factors Standardization Program Plan

HFE TAG	DoD Human Factors Engineering Technical Advisory Group

HFSSC	Human Factors Standardization Steering Committee

HTML	HyperText Mark-up Language

HTTP	HyperText Transfer Protocol



I

I-CASE	Integrated CASE

IAC	Information Analysis Center

IDHS	Intelligence Data Handling System

IEEE	The Institute of Electrical and Electronics Engineers

IRR	 Internal Rate of Return

ISDN	Integrated Services Digital Network

ISO	International Standards Organization

IT	Information Technology

ITPB	Information Technology Policy Board

IVR	Interactive Voice Response



J

JSC HCIS	Joint Satellite Control Human Computer Interface Standard



L

LAN	Local Area Network

LSA	Lead Standardization Agency







M

MANPRINT	Manpower and Personnel Integration  

MB	Megabytes

MEARS	Multi-user Engineering Change Proposal (ECP) Automated Review System 

MICOM	Army Missile Command

MIL-HDBK	Military Handbook

MIL-STD	Military Standard

MPEG	Motion Picture Experts Group

MPR	Swedish Board for Measurement and Testing



N

NASA	National Aeronomics and Space Administration

NII	National Information Infrastructure

NNTP	Net-News Transfer Protocol

NPV	Net Present Value



O

OA	Office Automation

OASDC3I(IM)/IT	Information Technology Directorate, Office of the Assistant Secretary of Defense (Command, Control, Communications, and Intelligence) Information Management

OMB	Office of Management and Budget

OSF	Open Software Foundation

OSHA	Occupational Safety and Health Administration

OSI	Open Systems Interconnection



P

PC	Personal Computer

PCMCIA	Personal Computer Memory Card International Association

PCS	Personal Communications Services

PDA	Personal Digital Assistant 

PMW-161	Naval Command, Control, and Ocean Surveillance Center for the Naval Command and Control (C2) Systems Ashore Program

PNL	Batelle Pacific Northwest Laboratory (Army)



R

RFP	Request for Proposal

RFQ	Request for Quote

RMI	Repetitive Motion Injury

ROI	Return on Investment

RSI	Repetitive Strain Injury



S

SONET	Synchronous Optical Network



T

TAFIM	Technical Architecture Framework for Information Management

TCO	Tjaenstemaennens Central Organization

TCP/IP	Transmission Control Protocol/Internet Protocol

TG	Technical Group

TSTS	Time Savings Times Salary

TWSTIAC	Tactical Warfare Simulation and Technology Information Analysis Center



U

UAPI	Uniform Application Programming Interfaces

UCI	User Computer Interaction

UIS	User Interface Specifications for Navy Command and Control Systems

URL	Uniform Resource Locator



V

VDT	Visual Display Terminal



W

WAIS	Wide-Area Information Servers

WAN	Wide Area Network

WG	Working Group

WUIS	Work Unit Information System
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Appendix C.  Current HFAC Documents





DESIGNATION	DATE					TITLE					



MIL-H-46855B          Jan 79		Human Engineering Requirements for Military Systems, 					equipment, and Facilities 

Amendment 2		Apr 84



MIL-STD-740-1	Dec 86		Airborne Sound Measurements and Acceptance Criteria of 					Shipboard Equipment



MIL-STD-740-2	Dec 86		Structureborne Vibratory Accel Meas and Acceptance 

				Criteria of Shipboard Equipt



MIL-STD-783D	Dec 84		Legends for Use in Aircrew Stations and on Airborne 

				Equipment



MIL-STD-912		Dec 90		Physical Ear Noise Attenuation Testing



MIL-STD-1280	Jan 69		Keyboard Arrangements

  Notice 1		Jun 88    



MIL-STD-1294A	Aug 84		Acoustical Noise Limits in Helicopters



MIL-STD-1295A	Jun 84		Human Factors Eng Design Criteria for Helicopter Cockpit 

				Display Symbology



MIL-STD-1472D	Mar 89		Human Engineering Design Criteria for Miliary Systems, 

				Equipment, and Facilities

  Notice 1		Mar 91

  Notice 2		Jun 92



MIL-STD-1473B	Dec 90		Standard General Requirements for Color and Marking of 

				Army Material



MIL-STD-1474C	Mar 91		Noise Limits for Military Material



MIL-STD-1477A	Sep 89		Symbols for Army Air Defense System Displays



MIL-STD-1478	May 91	Task Performance Analysis



MIL-STD-1787A	Jul 87		Aircraft Display Symbology

�DESIGNATION	DATE					TITLE					



MIL-STD-1794	Oct 86		Human Factors Engineering and Management for ICBM 

				Systems



MIL-STD-1800A	Oct 90		Human Engineering Performance Requirements for 

				Systems



MIL-STD-1801	May 87	Human Engineering Requirements for User/Computer 

				Interface



MIL-STD-1908	Dec 92		Definitions of Human Factors Terms



DOD-HDBK-743A 	Feb 91		Anthropometry of US Military Personnel



MIL-KDBK-759B	Jun 92		Human Factors Engineering Design for Army Material



DOD-HDBK-761A	Sep 89		Human Engineering Guidelines for Management 						Information Systems



DOD-KDBK-763	Feb 87		Human Engineering Procedures Guide



ANSI S1.4		Jun 85		Specification of Sound Level Meters



ANSI S1.6		1990		Preferred Frequencies, Frequency Levels, and Band 

				Numbers for Acoustical Measurements



ANSI S1.11		Jul 86		Specification for Octave Band and Fractional-Octave Band 					Analog and Digital Filters



ANSI S1.40		1990		Specification for Acoustical Calibrators



ANSI S3.2		Dec 89		Method for Measuring the Intelligibility of Speech Over 					Communication Systems



ANSI S3.5		1986		Calculation of the Articulation Index, Methods for



ASTM F-1166		Aug 88		Std Practice for Human Eng Design for Marine Systems, 					Equipment, and Vacillates



SAE HIR-1622	Mar 86		Noise Control in Fluid Power Systems of Marine Vehicles



SAE J88		Jun 86		Sound Measurements-Earth Moving Machinery-Exterior

�DESIGNATION	DATE					TITLE	___________________



SAE J184		Aug 87		Qualifying a Sound Data Acquisition System, 

				Recommended Practice



SAE J185		Jun 88		Access Systems for Construction and Industrial Equipment



SAE J919		Jun 86		Sound Measurement-Earthmoving Machinery-Operator-

				Singular Type, Standard



SAE J925		Dec 87		Minimum Service Access Dimensions for Off-Road 

				Machines



SAE 986		Oct 88		Sound Level for Passenger Cars and Light Trucks, Standard



SAE J1074		Feb 87		Engine Sound Level Measurement Procedure, 

				Recommended Practice
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CHAPTER 1--INTRODUCTION� TC "CHAPTER 1--INTRODUCTION" \f C \l "1" �



1.0  Background� TC "1.0  Background" \f C \l "2" �



	The Directorate for Information Technology, Office of the Assistant Secretary of Defense (Command, Control, Communications, and Intelligence) Information Management (OASDC3I(IM)/IT), is responsible for overseeing the Human Computer Interaction (HCI) program for the Department of Defense (DoD).  HCI integrates Human Computer Interface and Human Factors Engineering concepts for a total program of human interaction with the computer.  Human computer interface includes the modes by which the human user and the computer communicate information and by which control is commanded, including areas such as:  information presentation, displays, displayed information, formats, and data elements.  Human Factors Engineering applies knowledge about human capabilities and limitations to system or equipment design and development to achieve efficient, effective, and safe system performance at minimum cost and manpower, skill, and training demands.  Additionally, Human Factors is the discipline that tries to optimize the relationship between people and technology.



	Corporate Information Management (CIM) is a strategic, collaborative management initiative to guide the evolution of the DoD enterprise and take advantage of the benefits of the information revolution.  It represents a partnership of functional and technical management to achieve a combination of improved business processes and effective application of information technology across the functional areas of the DoD.  Enterprise Integration (EI) is the CIM key implementing strategy for meeting the formidable new challenges DoD faces as it moves toward the 21st century.  EI allows DoD to optimize the use of information as a strategic resource to:  manage more effectively; bridge functional and technical boundaries within DoD; forge closer ties with other Federal agencies, industry, allies, and coalition partners; and increase flexibility and agility. HCI-related integration efforts are central to the DoD enterprise integration strategy.  HCI permeates all functions of EI which are envisioned to enable Defense leaders to bring all information systems capabilities to bear successfully on every assigned mission. 	



	HCI technologies and issues are not limited to the strategic level of enterprise integration.  They are pervasive through all levels of DoD.  HCI technologies and issues are involved wherever and however computers are used in supporting the DoD core processes, from word processing and database management to supporting DoD enterprise integration.  HCI-related efforts can be viewed as using technology to enable people to create an integrated DoD enterprise.



	The DoD currently discusses and coordinates HCI issues through two avenues:  (1) the DoD Human Factors Engineering Technical Advisory Group (HFE TAG), created by a Tri-Service Memorandum of Understanding; and (2) the Human Factors Standardization Program Plan (HFAC) under the auspices of the Defense Standardization Program, as guided by the Human Factors Standardization Steering Committee.



	The DoD Human Computer Interface Style Guide, sponsored by OASDC3(IM)/IT and published by the Defense Information Systems Agency (DISA) Center for Standards (CFS) represents current DoD policy regarding the human computer interface, as well as a step toward DoDÕs goal of an open systems environment.  With special emphasis on the Open Software Foundation (OSF) Motif Graphical User Interface (GUI), it contains a comprehensive set of  Òlook and feelÓ guidelines that can be applied to different GUIs.  Version 3.1 of the Style Guide is integrated into the Technical Architecture Framework for Information Management (TAFIM) as Volume 8.



1.1  Purpose� TC "1.1  Purpose" \f C \l "2" �



	This document proposes a methodology for determining the return on investment (ROI)  for investments in emerging HCI technologies and resolving HCI related issues.  Additionally, it provides background information on standard ROI techniques and discusses methodologies used in industry for determining ROI on information technology related investments.  ROI benefit analysis is discussed in the context of functional process improvement and functional economic analysis and their relationship to CIM and EI.



1.2  Scope� TC "1.2  Scope" \f C \l "2" �





	The methodologies proposed in this paper are intended to be used as tools to aid in the overall assessment of Information Technology (IT) investments in conjunction with Functional Process Improvement (FPI)  strategies within the DoD CIM/EI effort.  Guidance for FPI efforts in DoD is provided in DoD 8020.1-M.  Information technology is a key resource in DoD and information technology investments play an important role in FPI.  In evaluating investments in information technology, DoD 8020.1-M  requires the use of Functional Economic Analysis (FEA).  



	FEA is an integral part of the CIM strategy to facilitate process improvement within DoD.  The FEA requires an assessment of how, both quantitatively and qualitatively, proposed information technology investments will contribute to achieving identified performance measure improvements within a functional activity.  It also requires an economic analysis of the proposed technology investment showing payback time and the improvement in performance/cost ratios to be achieved1.  Because HCI is pervasive throughout almost every aspect of information technology, HCI considerations are important factors to be considered in every IT related investment.  The HCI ROI tools presented in this paper will potentially aid in performing FEA by facilitating the determination of benefits related to investments in HCI technologies and addressing HCI issues.







1.3  Document Organization� TC "1.3  Document Organization" \f C \l "2" �



	The ROI Measurement Tools Paper contains the following:



Background information on ROI basics and benefit analysis techniques

A methodology for assessing ROI for HCI technology and issues

An assessment of benefits for HCI technologies and issues under consideration in the DoD HCI program.



Chapter 2 describes the basic concepts behind ROI, traditional methods of ROI analysis, and methods for quantifying benefits of IT investments.  IT ROI analysis techniques used in industry are also discussed.  Chapter 3 presents a method for assessing ROI for HCI technology investments and addressing HCI issues.  It also discusses the parameters used for appraising HCI benefits, including a matrix chart of HCI technologies and issues and their associated parameters.  Chapter 4 concludes with a step by step process for determining ROI for HCI, an example of its application and a summary. 

�CHAPTER 2--RETURN ON INVESTMENT AND INFORMATION

TECHNOLOGY� TC "CHAPTER 2--RETURN ON INVESTMENT AND INFORMATION" \f C \l "1" �



2.1  Overview� TC "2.1  Overview" \f C \l "2" �



	This section discusses the basics of ROI, traditional methods used in ROI analysis, methods for quantifying benefits of information technology investments, and tactics used in industry to assess the return on information technology investments.



2.2  Return on Investment Basics� TC "2.2  Return on Investment Basics" \f C \l "2" �



	Return on Investment (ROI) is used throughout this paper in a generic sense to express the benefit or return gained from an investment.  In mathematical terms, an investment’s ROI is the difference between its annual expenses and annual returns divided by the amount of the initial investment.



ROI  =    Annual Returns - Annual Expenses

           Initial Investment



Annual returns are the monetary benefits of the investment and annual expenses include outgoing cash flows such as operating costs and maintenance.  This ratio is typically expressed as a rate of return percentage.  ROI is sometimes expressed as a single figure--the value of all current and future benefits and costs over a given time period.  For instance one might state that the return on a particular investment is Ôone million dollars over the next 3 years.Õ  For the remainder of this document, the term ROI is used to express the concept of investment benefits rather than this mathematical equation.   



2.3  Traditional Methods of Return on Investment Analysis� TC "2.3  Traditional Methods of Return on Investment Analysis" \f C \l "2" �



	The three most commonly used calculation methods in determining ROI are payback period, net present value, and internal rate of return.



	Payback Period is an ROI method that shows the expected number of years required to recover the amount of the initial investment.  The payback period is the amount of the initial investment divided by the average annual net returns.  This is a quick and simple method that is also intuitively plausible.   For example, an initial investment of one hundred thousand dollars that provides an annual return of twenty-five thousand dollars will have a payback period of four years.  This method has a deficiency in that it does not account for the time value of money (i.e. economic present value).  Also, this method unfairly favors investments that have low initial costs and near term returns.



	Net Present Value (NPV) states the current value of an investment based on immediate and future cash flows.  In this method, the immediate costs (and benefits if any) are weighted at 100% while future costs and benefits are discounted.  The rate at which future cash flows are reduced is called the discount rate.  For the Federal Government, the discount rate can be found in Office of Management and Budget  (OMB) A-94 ÒGuidelines and Discount Rates for the Benefit-Cost Analysis of Federal Programs.Ó  The formula for NPV is2:

� EMBED "Equation.2" \* mergeformat  ���

or  equivalently:



� EMBED "Equation.2" \* mergeformat  ���



Where CFt is the cash flow during time period t and k is the discount rate.



Expenses are described as negative cash flows while benefits or returns are positive cash flows.  If the net present value is determined to be zero or greater, the investment is considered advantageous.



	The Internal Rate of Return (IRR) is defined as the discount rate that makes the NPV equal to zero.  This is a break-even situation:  the present value of all returns equals the present value of all costs.  The IRR is found using the formula3:



� EMBED "Equation.2" \* mergeformat  ���   

which is equivalent to:



� EMBED "Equation.2" \* mergeformat  ���



Where CFt is the cash flow during period t and r is the unknown discount rate.



The value of r that solves this equation is the IRR.  If the IRR for an investment is larger than the cost of capital, the investment is considered advantageous.



	The NPV and IRR methods are the preferred methods for determining whether to proceed with an investment.  Though more difficult to calculate than the Payback Period, they are more reliable economic tools as they both account for the time value of money and they both take into account all costs and benefits during a project’s life cycle.  Of course, these tools are only useful if all benefits are known and are quantified in dollar values.  With IT-related investments, benefits are often intangible, or at least difficult to quantify.  These traditional ROI methods, therefore, are of limited use in analyzing IT-related investments unless all benefits of the investment can be quantified in monetary units.



	Subjective analysis is sometimes used as a last resort when benefits are intangible or extremely difficult to quantify.  The approach is straight forward:  the value of an investment is determined by an expert.  The obvious drawback to this approach is the uncertainty in the expert's ability to accurately judge the merit of the investment.



2.4  Quantifying Benefits for Information Technology Investments� TC "2.4  Quantifying Benefits for Information Technology Investments" \f C \l "2" �



	Benefits of IT investments can be said to be either tangible or intangible, but there are many gray areas.  Many benefits can be easily quantified while others cannot be quantified accurately or elude quantification all together.  The extent to which a benefit can be quantified defines the benefit's 'tangibility.'  This section presents methods that can be employed in attempting to quantify IT benefits.  Methods discussed include cost displacement and cost avoidance, time savings times salary, work value model, value acceleration, and activity based costing.  These methods will provide varying degrees of accuracy based on the 'tangibility' of the perceived IT benefit.  For a single IT investment, several or all of these methods can be used to quantify benefits.



2.4.1  Cost Displacement and Cost Avoidance� TC "2.4.1  Cost Displacement and Cost Avoidance" \f C \l "3" �



	Cost displacement and cost avoidance is a very common and straight forward way to show the value of an investment4.  This method quantifies the value of a benefit based upon costs that it will eliminate or reduce.  Mathematically, this method is very simple, the value equals the sum of all costs eliminated and the sum of all cost reductions.  The most difficult aspect of using this method is accurately determining  how an IT investment impacts business functions and how and which costs are affected.  This method is applicable to a wide range of IT benefits but not useful for many IT investments which are considered 'value-added.'   Value-added technology investments are intended to provide additional functionality or ability, not to reduce costs.  



2.4.2  Time Savings Times Salary� TC "2.4.2  Time Savings Times Salary" \f C \l "3" �



	The Time Savings Times Salary (TSTS) method was developed as an alternative to the cost displacement/avoidance method 5.  This method assigns value to the investment based upon the value of the time it is expected to save workers.  The percent of time the technology will save workers is estimated and then multiplied by the cost (salary, benefits, etc.) of the workers.  For instance, if a technology allows employees to perform the same amount of computer work in 20% less time, and the employees use their computers an average of 50% of their time, the average time saved is 10%.  If there are 20 employees affected and each has a cost of $50,000 to the organization, the value of the technology is estimated at 20 x 10% x $50,000 = $100,000.



	TSTS is a simple and intuitive concept and is simple to calculate once time savings estimates have been made.  However, the accuracy of this method is linked to several important assumptions, including:



¥	a worker's  cost to the organization equals the worker's value to the organization,

¥	management allocates resources efficiently,

¥	work of comparable value to current efforts remains to be done,

¥	optimal numbers of affected types of workers are employed, and

¥	saved time will be allocated to productive activities according to a specific formula.



The TSTS method does not account for how saved time is used by employees.  The value of the saved time would vary if it were devoted to the most important tasks, allocated among all tasks equally, or spent on the less important tasks.  In practice the TSTS model tends to underestimate the value of an IT investment.



2.4.3  Work Value Model� TC "2.4.3  Work Value Model" \f C \l "3" �



	The work value model, also called the Hedonic Wage Model6, was created in an attempt to overcome the deficiencies of the TSTS model.  This method takes into account the value of each type of activity performed by employees.  The value of the technology investment is based on the value of the time it saves workers and by the value of increased job effectiveness and job enhancement (performing more higher- and less lower-value activities).  For instance, an office system could reduce by 20% the amount of time managers spend doing clerical work, allowing them to spend that much more time performing more important management activities.  



	This model requires extensive information about an organization’s work patterns, including:



¥	categories of labor (e.g. managers, secretaries, and technical staff),

¥	activities performed within these categories (e.g. management, administration, technical, clerical, and non-productive activities),

¥	the marginal value to the organization of performing these activities,

¥	the revenue from these activities,

¥	the amounts of people employed in each of the labor categories, and 

¥	the costs (salary, benefits, etc.) for the people employed in each labor category.



Determining this information can be very time consuming and expensive.  Also, the calculations required to perform this analysis are very complex.  (For this reason they have not been described in this paper.  Details of this method can be found in reference 6, Sassone, 1987).



2.4.4  Value Acceleration� TC "2.4.4  Value Acceleration" \f C \l "3" �



	Value acceleration7 quantifies the benefits of a technology based upon the time reduction it provides in the implementation of another beneficial technology.  For example, a client server database that is projected to provide a cost savings of $10,000 per month is planned to be completed and implemented in six months.  Management decides to invest in a computer aided software engineering (CASE) tool that will allow the client server database to be completed in only four months.  The value of the CASE tool is then estimated as the value of the two months times savings in the database implementation, or $20,000.  This method is easy and straight forward, but has a limited range of applicability.



2.4.5  Activity Based Costing� TC "2.4.5  Activity Based Costing" \f C \l "3" �



	Activity Based Costing (ABC) is an ROI tool which is more broad in scope.  ABC focuses on the cost minimization of a single business process.  ABC is a five-step process8:



	1)  Create an as-is model of the process.

	2)  Break the process into activities and determine the exact cost of each activity.

	3)  Determine opportunities for improvement.

	4)  Propose and discuss solutions.

	5)  Simulate the proposed new process and compare to the as-is cost model.



The value of a IT investment depends on its effect on the costs and revenues of the relevant business process.  This can be found by modeling the projected changes to the process that can be attributed to the IT investment.  For example, let the process being modeled be the creation of a purchase request.  ABC step two could identify the activity 'manual entry of purchase request data' and its costs.  Then, in step three and four, it could be decided that a new graphical user interface could allow faster, more accurate data entry.  Step five would then estimate the cost difference between the as-is and the proposed model and the value attributable to the new user interface could be found.  With ABC, a separate model must be created for each business process before the benefits of an IT investment to that process can be determined.



2.5  ROI Software Tools� TC "2.5  ROI Software Tools" \f C \l "2" �



	Two software tools for determining ROI have been identified:  CB-90, developed by Oracle Corporation, and ROI Help, developed internal to DoD



2.5.1  Oracle CB-90� TC "2.5.1  Oracle CB-90" \f C \l "3" �



	CB-90 is a software tool for cost benefit analysis of technology investments which was developed based on information economic concepts developed by Washington University9.  This tool provides an automated way of performing ROI analyses.  In addition to performing standard ROI calculations, the tool helps to assess value by quantifying tangible and intangible benefits and assessing risks of technical and business issues.  CB-90 uses job enhancement (similar to the work value model), value acceleration, and value linking methods (measuring the impact of one system on another system) for supplementing standard ROI assessments.  The extent of required inputs is not clear from published information about the software.

 

2.5.2  DoD ROI Help� TC "2.5.2  DoD ROI Help" \f C \l "3" �



	ROI Help is an ROI calculation tool internal to DoD10.  This tool requires the user to provide estimates of investment costs, expected returns and related cost and performance benefits.  The tool performs calculations and provides as output performance and ROI graphs showing when positive return can be observed taking into account risk and discounting.



2.6  IT ROI Efforts in Industry� TC "2.6  IT ROI Efforts in Industry" \f C \l "2" �



	Major efforts in industry to identify ways of determining ROI for IT investments have been ongoing since the advent of office automation systems.  During the 1980's, the prevailing attitude was that although IT showed enormous potential for reducing costs and increasing productivity, businesses were finding that there seemed to be no correlation between a firm's spending on IT and its financial performance.  Although the value of IT was considered questionable, businesses continued to spend billions of dollars on IT.



	Today a wide variety of methods and strategies are used in industry for assessing the value of proposed IT investments.  Although approaches differ, common themes exist.  Perhaps the most common is to first determine how well the technology is aligned with business objectives.  Some corporations still require exhaustive ROI analyses that demonstrate real monetary benefits while other companies employ a review committee that appraises the impact of  both tangible and intangible benefits.  Many companies have simply given up trying to find a way to quantify IT benefits and rely on a more subjective analysis.



	Strategies in industry for IT investment include ABC (described above) which is prevalent in DoD.  Most firms have a similar sequential step process used to assess IT investments, some focusing on profit, revenue and productivity, while others focus on cost reduction and efficiency.  Most quantify benefits where they can, some using techniques like above, but most still take into account the intangible benefits that really cannot be converted to a dollar value without losing some measure of their worth.



	Some firms state that special attention should be placed on assessing the value of an IT investment at the level at which the benefits are expected to be achieved:  i.e. at individual, departmental, or enterprise-wide level11.  If the benefit is expected at the user level, users are surveyed to see what they expect of the technology and the value they would credit to the technology.  If the benefit is expected at the departmental level, managers are asked how the investment fits with departmental goals and objectives and how it will affect operations.  These surveys are used to assess the overall impact and benefit of the IT investment.



	Oracle’s CB-90 program has been used in industry to assess potential IT investments12.  This program takes into account monetary and intangible benefits in aiding in the IT investment decision process.  



	Another common aspect of IT investment analysis in industry is the understanding that ensuring effective management is critical to achieving the benefits of IT.  IT will not take care of itself and magically produce benefits.  Proper integration, including user and operator training, and oversight is required to achieve benefits.



	Many of the approaches above are applicable to DoD but not all.  Some corporations use parameters such as after tax profits and shareholder equity in determining the merit of an IT investment.  Such techniques cannot be applied to the DoD for the obvious reason that DoD is part of the federal government and does not sell stock or earn profits.  Also, intangible benefits such as increasing a firms competitive edge, sales, and market share are other industry metrics not applicable to DoD.�CHAPTER 3--RETURN ON INVESTMENT METHODOLOGY FOR HUMAN 
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3.1 Overview� TC "3.1 Overview" \f C \l "2" �



	In developing a methodology for determining ROI benefits for HCI technologies and issues, the first step was to identify parameters that could be used to describe the benefits of HCI.  The chosen parameters are:



¥	Productivity

¥	Learning Time

¥	Workforce

¥	Overhead

¥	Worker Stress

¥	Injury

¥	Flexibility 

¥	Quality

¥	Maintenance

¥	Paper Use



These parameters were selected from parameters frequently used in industry for gauging the benefits of IT investments.  This list of parameters has been tailored to fit within the scope of benefits achievable within the DoD.  Parameters of little or no applicability to DoD, such as market share or customer satisfaction, were eliminated.



	For each  of these parameters, a method was chosen to quantify the value of positive changes in the parameter brought about by HCI investment.  It should be recognized that the accuracy and ease with which benefits can be quantified varies greatly from parameter to parameter.  For instance, a positive change in productivity is more readily quantified in monetary terms than a positive change in worker stress.



	Each HCI issue and technology was assessed based on its effects on the various parameters.  In some instances research was found that showed quantified, tangible effects of an HCI issue or technology on a related parameter (e.g., technology X increases productivity by 25%).  But for the majority of HCI issues and technologies, quantitative changes in affected parameters will have to be estimated on a case-by-case basis.  Additionally, because these parameters cannot account for the full range of possible HCI benefits, benefits unique to individual HCI issues and technologies were also determined.  



	The scope of this methodology has been limited to addressing the benefits of HCI issues and technologies and does not specifically address HCI costs.  Most costs are tangible by nature and in most technology investment cases they are much easier to assess than benefits.  Also, determination of the impact of 'hidden costs' can be assessed using techniques such as activity based costing13.



3.2  Parameters and Quantifying Benefits� TC "3.2  Parameters and Quantifying Benefits" \f C \l "2" �



	In each of the following sections a parameter is described and a methodology for quantifying a positive change in the parameter is presented.



3.2.1  Productivity� TC "3.2.1  Productivity" \f C \l "3" �



	Productivity refers to the work per unit time for the individual employee.  An increase in productivity represents an increase in the amount of work performed in a given time.  In this model, a productivity increase is quantified using the TSTS method.  Because the TSTS model uses time savings in its calculation, an increase in productivity must first be converted into a time savings.  This can be done using the formula:



TS = 1 - 1 Ö  (1 + P)



where TS is the time savings and P is the productivity increase.  As an example, a productivity increase of 20% (P=0.2) will allow the same amount of work to be done in 83.3% of the original time, or 16.7% time saved (TS=0.167).  Similarly, a 100% increase in productivity would result in 50% time saved.  Once the productivity increase has been converted into a time savings, the TSTS formula is used to calculate the benefit:



Value = (% total time saved) x (total salaries)



	The work value model could also be used to quantify the benefit of an increase in productivity.  The TSTS model was chosen because of its ease of calculation.  As stated earlier, the work value model requires extensive information and complex calculations.



3.2.2  Learning Time� TC "3.2.2  Learning Time" \f C \l "3" �



	A reduction in learning time allows more productive work to be performed sooner.  Learning time, for the purposes of this model, includes training time and time to proficiency.  



	During training, it is assumed that no productive work is being performed (other than training).  The benefit of reducing training time can be quantified using the principles of the TSTS method because the amount of time that training is reduced is essentially 'saved time.'  The value of reduced training time is calculated as follows:



Value = (training hours saved) x (hourly salary)



Because training is often performed off-site, value can also be found in reduced costs such as tuition, materials, travel, and lodging.  



	The Army Research Laboratory has developed software, The Automated Information System (AIS) Manpower and Personnel Integration (MANPRINT) Management Tool, for estimating manpower and training requirements and tradeoffs.  This software could be used as an automated method to determine savings in training costs due to reduced training time and benefits of manpower reduction.



	In assessing a reduced time to proficiency, it is assumed that some productive work is being performed while the individual is learning, e.g. on the job training.  Reducing time to proficiency is characterized as 'shortening the learning curve' for an individual.  Figure D-1 helps to clarify this concept by illustrating a reduction in training time and a reduction in time to proficiency on a graph of productivity as a function of time.  To calculate the value of a reduction in time to proficiency, the time saved must first be adjusted for the difference in productivity.  The value of reduced time to proficiency is then calculated as follows:



Value = (adjusted time saved in hours) x (hourly salary)



If an individual's exact learning curve were known, calculus formulas could be used to find the average time difference between the learning curves in Figure D-1.  This average time difference would be the 'adjusted time' used in the calculation.  But because the exact learning curve for individuals is not really known, the average saved time must be estimated.



� 

                                    Reduction in Training Time



�

Reduction in Time to Proficiency

��

Figure D-1
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	Workforce is the amount and type of workers employed in an organization.  A reduction in workforce is simply reducing the number of people employed by the organization.  The value of a reduction in workforce is quantified as the sum of the costs displaced or avoided by eliminating workers, including salaries, benefits, office space, and other related costs.  As stated in the section on learning time, the AIS MANPRINT Management Tool could be used to estimate savings from manpower reduction.



3.2.4  Overhead� TC "3.2.4  Overhead" \f C \l "3" �



	Overhead consists of operations costs, including such costs as electricity consumption and rent.  A reduction in overhead includes a reduction in one or several operations costs.  The value of a reduction in overhead is found using the cost avoidance/displacement method:  value equals the sum of all overhead costs eliminated or reduced.



3.2.5  Worker Stress� TC "3.2.5  Worker Stress" \f C \l "3" �



	Worker stress is a measure of the psychological well-being of employees.  High worker stress can lead to frustration, fatigue, and possibly health problems.  The value of a reduction in worker stress is quantified by the elimination of costs associated with the results of stress, which can include absenteeism, increased sick leave, and decreased productivity.  Of course, determining these costs is difficult.



3.2.6  Injury (Work Related)� TC "3.2.6  Injury (Work Related)" \f C \l "3" �



	Injury in the office environment consists mainly of repetitive strain injuries (RSI) such as carpal tunnel syndrome.  Overall RSI accounts for about 60% of work-related injuries14.  The value of a reduction in worker injuries is quantified by the sum of avoided costs associated with medical care, workers compensation, sick leave, and decreased productivity.  A single case of carpal tunnel syndrome that requires surgery costs $35,000 on national average15.



3.2.7  Flexibility� TC "3.2.7  Flexibility" \f C \l "3" �



	Flexibility refers to increasing range of capabilities without additional modification or training.  The value of increased flexibility can be quantified as the sum of the costs associated with this additional required modification or training.  As an example, a common user interface among several software applications will allow workers to move from application to application with less training than if the interfaces were completely different.  Increased flexibility also leads to the increased effectiveness in accomplishing defense functions, which is not readily quantified.



3.2.8  Quality� TC "3.2.8  Quality" \f C \l "3" �



	Quality refers to materiel quality and quality of decisions, business plans, standards, and strategies.  The value of increased materiel quality can be quantified by the reduction of repair costs and the value of longer equipment life.  Higher quality standards can lead to better equipment and processes.  Quality increases in decision making, planning and devising strategies are difficult to quantify.



3.2.9  Maintenance� TC "3.2.9  Maintenance" \f C \l "3" �



	Maintenance includes all cost incurred in the upkeep of a system.  A reduction in maintenance cost can include a reduction in the actual maintenance required by a system or a reduction in the skill level (and hence the salary) or number of individuals required to perform the maintenance.  The value of a reduction in required maintenance is quantified as the sum of maintenance costs (man-hours, materials, etc.) avoided or reduced.  The value of a reduction in maintenance skill level required is the difference in the salary of the higher- and lower-skilled maintenance personnel.



3.2.10  Paper Use� TC "3.2.10  Paper Use" \f C \l "3" �



	The value of a reduction in paper use is quantified by the sum of reduced or eliminated paper use related costs such as the cost of paper itself, printer ink and ribbons, photocopying, filing and storage, and postage.  These savings are theoretical at this point in time as many of these benefits are not typically achieved despite investments in technologies such as automatic data process and imaging.



3.3  HCI ROI Parameters Related to HCI Technologies and Issues� TC "3.3  HCI ROI Parameters Related to HCI Technologies and Issues" \f C \l "2" �

 

	Table D-1 is a chart of HCI issues and emerging and evolving technologies under consideration for the DoD HCI integration effort.  Each of these issues and technologies were assessed in terms of their effects on the ten parameters.  Table D-2 is a matrix chart showing the results of the assessment.  For each issue and technology, parameters affected (in a positive way) are indicated.  Parameters are described as increasing or decreasing, and, if research was found showing quantified increases or decreases, the amount of the increase or decrease is shown.   The ‘Other’ column of Table D-2 indicates special information or benefits which are unique to a given issue or technology.  The information in this column must be taken into special consideration when calculating the ROI for the specific HCI issue or technology. 





�Table D-1  HCI Issues and Emerging and Evolving Technologies



Issues�  Emerging or Evolving Technologies���Primary�Secondary��Health Issues

- Psychological Issues

- Computer Related

Health risks

- Ergonomics



User Issues

- Access for Disabled

- User Knowledge and 

Experience Level

- Environmental

Protection

- Telecommuting�Artificial Intelligence

-    Expert Systems

-    Adaptive AI Tools and Help

-    Agent Software 



User Interface

-    GUIs

-    Virtual Reality

-    Digital Audio and Video

-    Computer Telephone Integration

and Teleconferencing

-    Hypertext

-    Groupware

-    Ubiquitous Computing



Input Devices and Methods

-    Pen-Based Input

-    Natural Language

-    Speech Recognition

-    Gesture Input

-    Eye Tracking Input

-    Thought, Brainwave, 

Biofeedback Input



Help and Learning

-    Computer Based Training

-    Interactive Help Tools



Hand-held Computers and Personal Communications

-    PDAs

-    PCS�Software Tools and Software Development

-    Software development 

Environments 

-    Application Program Interface 

and UAPI

-    User Input to User Interface 

Design

-    Object-Oriented Design

-    CASE Tools

-    Client/Server Architecture and 

Software



Processing Power and Peripherals

-    Increased Microprocessor Speed 

and Capabilities

-    PCMCIA

-    Compact Disks



Digitization

-    Electronic Data Standards

-    Imaging Algorithms



Telecommunications Technology

-    GOSIP

-    TCP/IP

-    ATM, SONET

-    FDDI

-    Digital Compression

-    Encryption

-    Other Advances��
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1  The Ergonomics Consortium, “Developing An Ergonomics Program for the Computerized Office,” New York 1995.  Quoting studies by Francis and Dressel (1988), T. J. Springer (1982), Dainoff (1990), and Hecox (1993) showing productivity increases from 4 to 20%.



2  Bruce T. Guptill, “Telecommuting:  Good News From the Front,” Extended Workplace Integration Vista, New Science Associates, Inc., 1994.  Studies showing 10-25% increase in productivity.



3  Bruce T. Guptill, 1994.  Studies showing reductions of $3,000 - $5,000 in overhead.
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1  D. Brown, “CUI or GUI?” Gartner Group Research Note, December 7, 1994.  Studies showing productivity increases from 48 to 78%.



2  D. Brown, 1994.  Studies showing work quality improvements of 5 to 22%.



3  Monta Kerr, “Study Finds Notes Used by IT to Justify Existing Networks,” Computing Canada, April 27, 1994.  Reference to study by International Data Corporation showing a return on investment ranging from 16% to 1,666%  (179% on average) for Lotus Notes.
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1  Robert Lindstrom, “Multimedia: Swiftly, Agencies are Reaping the Benefits with a Blend of Audio and Visual,” Government Computer News November 8, 1993.  Referencing a study by the Institute for Defense Analysis showing decreases in learning time of about 30%.



2 Robert Lindstrom, 1993. Referencing a study by the Institute for Defense Analysis showing increased retention of 68% and a 30% training cost reduction.
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4.1  Overview



	This section presents a step by step process that can be applied in determining the ROI for HCI investments.  As an example, this process is applied to determining the ROI for telecommuting.  Finally, a summary is provided.



4.2  Return On Investment Evaluation Process for Human Computer Interaction� TC "4.2  Return On Investment Evaluation Process for Human Computer Interaction" \f C \l "2" �



	Given the ROI assessment tools described above, a step by step process can be used to assess the ROI for each emerging or evolving HCI technologies and for addressing HCI issues.  This process is as follows:



1)  Determine parameters affected by the HCI technology or issue

2)  Determine or estimate the beneficial effects on the parameters

3)  Use proposed quantification methods to quantify effect on parameters

4)  Determine unique benefit areas and quantitative values

	5)  Determine the relevant costs

6)  Use the calculated  benefits and costs in a traditional ROI analysis

7)  Consider the effects of non-quantifiable benefits

8)  Make the investment decision



4.3  Example Application--Return on Investment for Telecommuting

� TC "4.3  Example Application--Return on Investment for Telecommuting" \f C \l "2" �

	As an example, the ROI for the telecommuting HCI issue is assessed using the above eight-step process.  



Step 1



As shown in Table D-2, telecommuting has been shown to increase productivity and flexibility, decrease worker stress, and provide reductions in certain overhead costs.



Step 2



Research has shown, as indicated in Table D-2, an increase in productivity of up to 25% and a decrease in overhead of approximately $5,000 per employee per year for telecommuters.  The amount of decrease in worker stress and increase in flexibility are very difficult to estimate.  For the purposes of this example, it is assumed that the dollar value of these benefits will be non-quantifiable.



Step 3



For simplicity, it is assumed that 20% of GS-13 level employees throughout the government will telecommute.  



Using the TSTS method, the value of a 25% increase in productivity is:



(% telecommuters) x (% time saved) x (salary).





The salary figure is equal to the total salary for all GS-13 employees, which is approximately $9,283,000,000.  The percent time saved is:



1 - 1 ( (1 + 0.25) = 0.2



The value is then:



 (0.2) x (0.2) x (9,283,000,000) = $371,320,000 (per year)



Overhead cost reductions (rent, lease, and other office upkeep costs) are estimated at $5,000 per employee.  The total number of GS-13 employees is approximately 159,427.  The total value of overhead reduction is then:



($5,000) x (159,427) = $797,135,000 (per year)



As stated in step 2, it is assumed that the dollar value of increased flexibility and decreased worker stress are non-quantifiable.  These benefits will be taken into account in step 7.



Step 4.



	No unique benefits have been associated with telecommuting.



Step 5.



	Costs involved in telecommuting include computer equipment and upkeep, software, and telephone costs for the home office.  In a study performed within the Office of the Secretary of Defense, these costs were estimated at approximately $3,000 for the first year and $1,400 per year thereafter for each employee.  This comes to a total cost of :



($3,000) x (159,427) = 478,281,000 for the first year and 

($1,400) x (159,427) =  223,198,000 for each year thereafter



Step 6



	The total value of quantifiable benefits is $1,168,455,000 per year.  It is immediately obvious that the payback period for this investment is less than one year.  If the investment is analyzed for a three year period using net present value the calculation is as follows:  (assume a discount rate of 10%)



NPV = (-478281) + (1168455 - 223198) + (1168455 - 223198) + (1168455 - 223198)    (x$1000)

             (1 + 0.1)0            (1 + 0.1)1                     (1 + 0.1)2                 (1 + 0.1)3



NPV = $1,872,435,000



This value of NPV, being much greater than zero, indicates that this would be an excellent investment.  

	

Step 7



	While increased flexibility and decreased worker stress are valuable, the great value of quantifiable benefits makes the assessment of these non-quantifiable benefits unnecessary.



Step 8



	Given these benefits, telecommuting would be an excellent investment.  In cases where the benefits are not as obvious, Step 7 and perhaps Step 4 may provide more impact on the investment decision.



4.4  Summary� TC "4.4  Summary" \f C \l "2" �



	The discussed eight step process can be a useful tool in assessing ROI for HCI investments.  Assessing ROI for HCI and for most IT related investments is generally a difficult process.  Such a task includes many uncertainties, particularly due to intangible and obscure benefits.  Nevertheless, an accurate assessment of benefits is a critical factor in determining the merit of an HCI investment.  The methodology presented is intended to help provide a firmer grasp on such uncertainties so that a better assessment can be made in determining the value of benefits of HCI technologies and issues.



	This document is not intended to stand alone as a decision-making guide for HCI investments, but is intended as a tool to be used in performing a much broader and in- depth analysis, such as the FEA required by DoD 8020.1-M.  (Economic analysis, i.e., ROI, is only one part of an FEA.  Additional FEA requirements are found in the FEA Guidebook, reference 1.)  Whenever a functional process improvement decision requires an investment in IT, an FEA is required to determine the merit of the proposed investment.  Because HCI considerations are found in almost every IT investment, ROI analysis of HCI technologies and issues is very important.  The presented methodology  is intended to serve as a tool to make the enigmatic task of determining ROI for HCI more manageable.
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