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'.oFORBWORD

This strategy document is one of eight functional task area
strategies produced by the STARS Joint Task Force. All of the docu-

." . ments produced by the Task Force, including the general STARS Program
Stratezv document, are listed in the STARS Joint Task Force Report.

This document identifies the scope, sub-objectives and stra-
tegies designed to provide the conceptual approach for accomplishment
of the STARS Program objectives in the human engineering functional
task area. It identifies and describes the high-level activities,
products and capabilities. In order to provide full understanding,
background and rationale material is sometimes covered that is also
in STARS Profran Strategy.

• -These functional task area strategy documents do not attempt to
delineate the detailed plans, costs and procedures for bringing the
proposed products and capabilities into being and do not identify the
form of the particular projects that will undertake the work nor the
organizations in which the work will be accomplished. Instead, these
strategies are intended to guide the process of such implementation
planning and accomplishment.

Indeed, because of the high degree of linkage among the func-
tional task areas, implementation plans and acquisitions may well
combine related capabilities and products across areas. Individual
projects may tackle only part of one subtask from a functional area
or several subtasks from several functional areas.

Thus, this functional task area strategy describes broad,
achievable requirements for accomplishing the relevant STABS objec-
tives. Its main purpose is to help guide the implementation planning
process.

:4
Ada 1 is a Registered Trademark of the Department of the Defense,

Ads Joint Program Office.
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1.0 OVERVIEW

1.1 Scope of the Task Area

The STARS effort has been initiated to provide the technology

and organizational mechanisms to meet the demands for increased

software productivity, functionality, and system reliability imposed

by DoD mission requirements, As part of this effort, a joint service

task force was established to analyze the problems in existing

software development technologies and mechanisms. The summary of

their analysis, "Report of the DoD Joint Service Tas Force on

Software Problems, 30 July 1982" identifies human engineering as a

significant problem in all phases of the software life cycle for

embedded computer systems. Insufficient attention to human engineer-

ing is evident in the support systems for development teams of

mission-critical, software-intensive systems. In addition, the

interfaces between the end user and these systems are also poorly

engineered. This not only creates an impediment to productivity (for

both the software developer and the end user), but also creates

potentially dangerous situations. The end user of real-time,

mission-critical systems, such as weapons or avionics systems, cannot

tolerate an unfriendly or ba lky computer.

'Since the 1940's, the discipline of human engineering has suc-

cessfully applied knowledge of human capabilities and limitations to

the design of military systems to achieve optimal user effectiveness,

efficiency, comfort, and safety compatible with system requirements.

The Human Engineering Task Area should utilize that knowledge base

concerning users' physical and cognitive limitations and extend it to

|,-.a..

the arena of computer hardware and software to produce metiodologies

and tools which will enhance productivity and quality throughout the

.'-.

lif cycl~oe of embdde comute sytm.relahi akarawl

focus on the user in the broadest sense, attention should be pri-

ma-rly directed to two major groups of users: the end users of DoD

. .. .



--embedded computer systems, and the personnel involved in software

development and support. For this latter group, the Human Engineer-

ing Task Area is concerned not only with the user interface to the

automated support environment but with the human factors of the

entire software development and support process.

1.2 Strategv

For the short term, significant benefits can result from the

systematic application of current knowledge to develop methodologies

and tools. For the longer term, advances could rest on an increased

understanding of how individuals and teams interact with computers

and with each other to complete their required tasks. This under-

standing will accelerate the growth and definition of a true

engineering discipline in which basic human-computer interaction

principles would be developed, verified, and used. This plan capi-

talizes on the current state of the art while initiating a program of

research and systematic et eri a to suport further %varnces.

The plan can accomplish this through four major subtasks which con-

sist of the following:

I) development and continual enhancement of a general human
engineering methodology (or methodologies) along with sup-
porting tools,

2) design of the user interface for the automated support
environment,

3) experimentation to establish and test basic principles and
models of human-computer interaction and problem solving,
and

4) identification of measures to assess progress.

The general methodology (Subtask 1) would provide a set of pro-

cedures, guidelines, and supporting tools for incorporating human

engineering principles into each phase of the development cycle of'a"

software system. The development of this methodology should build on

2
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past and current efforts whenever possible. It should also involve a

substantial amount of further research and development. Both the

guidelines and the methodology should be verified as a result of

experience on actual projects and refined as a result of increased

knowledge of the principles underlying human-computer interaction.

As noted above, the Human Engineering Task Area should be con-

cerned not only with the end user of application software but with

the user of automated support environments as well. This latter

group includes the management, technical, and staff personnel respon-

sible for software development and support. Human Engineering should

play a major role in the design of prototype workstations as well as

in the design of the user interface to all tools, system functions,

on-line help facilities, etc. (Subtask 2).

Further advances in human engineering should rest on the con-

struction and testing of models of human problem solving and human-

computer interaction and on controlled experimentation to verify

principles and guidelines (Subtask 3).

The Human Engineering Plan is intended to have a major impact on

the usability of future DoD computer-based systems; these include

systems for the software developer (i.e., automated support environ-

ments) as well as end-product embedded systems. The Human Engineer-

ing Plan is also intended to have a major impact on the entire pro-

cess of software development and support. The identification of

measures (Subtask 4) would be essential for establishing a baseline

and assessing this impact.

Each of the four subtasks are described in the next section of

this plan (Section II).

3
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2.0 MAJOR SUBTASKS AND DETAILED ACTIVITIES

2.1 Subtask 1: Mgthodolozy for Incorporating Human Enzineerins

2.1.1 Rationale

A primary objective of the Human Engineering Task Area is to

incorporate human engineering principles into the design of all

computer-based systems that interface with a human user. The charac-

teristics that define good human engineering - such as ease of learn-

ing, flexibility and efficiency - cannot be added on at the end of

system development but must be an integral part of the design from

the beginning. There are a number of activities which must be per-

formed during each development phase (i.e. requirements analysis,

system specification, etc.) to insure this. What is needed is a

methodology that focuses on human factors issues at all stages of the

system development process.

Ramsey and Atwood (1980) came to a similar conclusion following

an extensive literature search to assess the state of the art in the

human engineering of computer systems (sponsored by the Office of

Naval Research). They suggested that what is needed is a "design

guide" which discusses the major human engineering issues arising

throughout the development phase. Smith (1982) has also pointed to

the need for an integrated human engineering methodology.

As part of a research effort sponsored by the Office of Naval

Research, Johnson and Hartson (1982) have taken this idea one step

further and have argued for a "dialogue author" who is a specialist

in communication and in human factors and who is distinct from the

traditional designer or programmer. Johnson and Hartson suggest that

there is a need to establish and maintain a strict independence

between interface-handling components of a system and computational

components. The primary advantage of this independence is that deci-

44 -



sions relating to the dialogue are not "hard wired" into the rest of

the system. Instead, the dialogue designer can experiment with and

improve the interface during development as issues and alternatives

become clearer. Johnson and Hartson use the term "dialogue manage-

ment" to refer to an emerging discipline dealing with "...the crea-

tion, modification, simulation, execution, testing, and metering of

dialogues in an integrated nnner." This notion of dialogue manaz--

ment is similar to the idea of a human engineering methodology. The

idea of a dialogue author who is distinct from the traditional

designer or programmer is one of a number of potentially useful ideas

deserving of further investigation.

The consistent application of the methodology will be greatly

facilitated by the use of an appropriate set of tools. These include

automated tools as well as non-automated tools or aids such as design

guidelines. Tools will be needed for all phases of the development

cycle, both to facilitate or enforce adherence to the methodology and

to ease the transition between phases. The development of tools to

support the methodology is included as an activity within this sub-

task.

One such tool is represented by design guidelines for the user-

system interface. There are currently several ongoing efforts to

compile design guidelines. Guidelines provide one means of summar-

izing current knowledge and judgment for use by interface designers.

Another activity within this subtask is the continuation and exten-

sion of these efforts.

Much can be learned from attempts to apply the methodology and

tools prior to recommending their widespread use. This experience

will provide useful feedback by uncovering deficiencies and gaps. In

addition, the selected projects can serve as realistic models for
I .

later projects. The application of the methodology and tools is an

additional activity within this subtask.

5



The effort to develop an effective methodology is a continuing

. one. The methodology should not be frozen at the end of its develop-

ment but should continue to be enhanced and refined. This is also

included as an activity within the subtask. It is important to

emphasize that the human factors methodologies must complement and be

integrated with the other methodologies involved in the development

of the end product system. They must, of course, operate within the

functionality, reliability, budgeting and scheduling constraints of

the project.

The human engineering literature is widely scattered across

several disciplines which include computer science, psychology, human

factors, ergonomics, and industrial design. Because of the interdis-

ciplinary nature of this area, there is a particularly critical need

to focus and coordinate further efforts while, at the same time,

* receiving inputs from the relevant disciplines. One way to accom-

plish this is through an Advisory Panel consisting of a small group

*" (perhaps 7 or 8) of leading practitioners in the relevant related

- disciplines. This group should be responsible for recommending and

reviewing high priority areas for methodology and tool development

and for recommending and reviewing research efforts in human

engineering. It would serve as a support group for the DoD organiza-

tion responsible for carrying out the Human Engineering Plan. It

would closely track the efforts of all four subtasks throughout the

*O span of the Software Initiative and would continually re-assess

priorities and recommend funding for areas with the highest payoff.

2.1.2 Premises

A question arises concerning the extent to which a single human

e .engineering methodology will suffice for all relevant applications

and for all groups of users. For example, will the same set of pro-

" cedures apply to the development of the user interface for a program-

ming support environment as compared to a flight control system? It

6
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is assumed that there is a sufficiently high degree of similarity in

the basic types of activities which are needed to ensure good human

engineering that a single, general methodology can be defined across

different applications and user groups. There may, however, be suf-

ficient variation to more properly refer to a class of related metho-

dologies rather than to a single methodology. It is also assumed that

a common set of principles will apply across applications. The

specific design goals, however, may vary.

Consider, for example, the differences in design oals as a func-

tion of the characteristics of the users - in particular, their com-

puter background and frequency of computer usage. Shneiderman (1983)

distinguishes between three basic groups of users as follows:

1) computer-naive, relatively infrequent users,

2) computer-naive, frequent users, and

3) com'p-!ter speciaslcitq.

Shneiderman points out that ease of learning and retention are impor-

tant design goals for the computer-naive, infrequent user; efficiency

is generally of lesser importance. For the computer naive but fre-

quent user, ease of learning is initially important but is soon

replaced by concerns for efficiency and flexibility; multiple inter-

facis may be especially important for this group. Finally, efficiency

and flexibility should be important goals in designing systems for

the computer specialist.

In addition to differences in the design goals as a function of

the users and application, there may be some variation in the

specific activities which are undertaken in designing and evaluating

the user interface. For example, in some cases extensive experimen-

tation with prototypes may be required, particularly for first-time

users. In other cases, a paper and pencil form of evaluation based

on an appropriate analytic model may be sufficient (Reisner, 1982).

7



The important point is that some type of evaluation be conducted

prior to actual implementation. A major purpose of the methodology

should be to force attention to these types of issues. (It is, of

course, also the case that different procedures and tools for evalua-

tion will come into play at different points in the development

cycle.)

There is a need for a survey of DoD embedded systems applica-

tions to determine the relative amount of user-system interaction

within different applications and the general nature of that interac-

tion. This survey would help in setting the priorities of the Human

Engineering Task Area so that effort is focused on life-critical sys-

tems with a high degree of user-system interaction.

2.1.3 Description

A survey of DoD embedded applications should be conducted to

establish a baseline for setting priorities.

A survey of existing tools and practices related to the human

engineering of user interfaces would be conducted. The activities

underlying the development of the methodology (as well as those

underlying the other Human Engineering subtasks) would be integrated

and focused through establishment of an interdisciplinary Advisory

Panel.

This subtask would involve the development of a general and

integrated methodology for incorporating human engineering into sys-

tem development. The methodology will point to relevant activities

during each phase including requirements analysis, functional specif-

ications, design, implementation, and operations.

This subtask would also involve the development of an

integrated, extensible set of tools for designing, implementing, and

evaluatinig the user interface. This would include the development

8
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and continual enhancement of a comprehensive set of design

guidelines.

In addition, this subtask would involve the application of the

methodology to selected projects to obtain feedback on areas of suc-

cess and difficulty.

The methodology and tools would be continually refined and

enhanced as a result of experience on actual projects and the

discovery of new principles of human-computer interaction. In fact,

it is important that the methodology be extensible - that it be capa-

ble of incorporating new and perhaps radically different principles

of interface design.

2.1.4 Coordination

It is essential that the developers of the human engineering

methodology be closely coordinated with the Support Systems Task Area

which is responsible for integrating methods and tools. The human

engineering methodology should consist of a set of procedures and

work products which parallel (and which should not interfere with)

other system development activities. The procedures developed for

human engineering as well as the supporting tools must be integrated

into the more general development methodology.

There should also be coordination with the Measurement Task Area

to assist in identifying points in the system development cycle for

data collection and other forms of quantitative assessment of user-

system interfaces.

2.1.5 Deliverables
/ 4b.

There are eight major sets of deliverables under this subtask:

1) a survey of DoD embedded applications, focusing on the
extent and nature of the end-user interaction,

9
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2) a survey of existing human engineering practices, pro-
cedures, and tools,

3) specific suggestions by the Advisory Panel identifying key
areas of the methodology (procedures, tools, work products,
etc.) for priority funding,

4) an integrated set of procedures for incorporating human
engineering into system development (i.e., the methodology),

5) a comprehensive set of design guidelines for user-system
interfaces,

6) other tools in addition to design guidelines which will form
an extensible, integrated set,

7) results of applying the methodology to actual projects with

recommendations for refinements and enhancements, and

8) periodic enhancements to the methodology and tool set.

2.1.6 References to Milestone Charts

The major subtasks are shown in Figure 1. The detailed activi-

ties for this subtask are shown in Figure 2.

2.2 Description of Detailed Activities for Subtask 1

2.2.1 Detailed Activity 1.1: Embedded Systems Survey

2.2.1.1 Purpose and Description. The purpose of this survey is

to identify the major human factors issues within different applica-

tions of DoD embedded systems. For each appliction, the following

*. information should be obtained:

- extent of user-system interaction

- nature of the interaction (e.g., mission critical?) /.

0 - characteristics of the hardware and software interface

- extent to which human factors issues are typically addressed.

during system development

0%
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- areas most in need of improvement

* - This survey would establish a baseline for the identification of

critical and/or high payoff applications for the human engineering of

embedded systems.

2.2.1.2 Coordination. This activity should be reviewed by the

Application-Specific Task Area which can provide useful input. The

survey would be turned over to the Advisory Panel. It should help

insure that the human engineering activities are responsive to the

needs of the end users of DoD embedded systems.

2.2.1.3 Deliverable. The deliverable for this activity would

be a survey of DoD embedded systems, focusing on the extent and

nature of the end-user interaction for each major application.

2.2.2 Detailed Activity 1.2: Existinz Practices Survey

2.2.2.1 Puroose. This survey of existing human factors pro-

cedures and tools should provide a starting point for the development

of a coherent methodology. As much as possible, efforts would be

made to utilize existing tools and to learn from the successes and

failures of others.

2.2.2.2 Description. This activity would involve a survey of

current tools and procedures for human engineering of user inter-

faces. This survey would be used in the evaluation to establish

*priorities for integration and focus on specific tools and methodolo-

gies.

2.2.2.3 Deliverables
o- .

The deliverable for this activity would be a report describing

currently available tools for the design, implementation, and evalua-

tion of user interfaces. The survey would also outline specific pro-

*- * cedures followed for incorporating human factors into interface

* design.

-- 11



2.2.3 Detailed Activity 1.3: Focusing Mechanism

2.2.3.1 Purpose. The success of this functional task area

strategy would be largely determined by the extent to which the vari-

ous detailed activities address the appropriate issues and problems

and by the extent to which they are integrated and focused on a com-

mon set of goals. There was a consensus among the panel and atten-

dees at the February STARS workshop that the general issues addressed

by this plan are, in fact, the appropriate ones. However, there was

also a consensus that there is a need for further discussion and

deliberation.

The identification of specific high priority activities and

tools and of specific research projects requires further planning and

*: •continual feedback and re-assessment. The human engineering of com-

* -puter systems is currently an inter-disciplinary area. There is no

single, well-established discipline with a prior history and a clear

path for future progress. There is a growing interest in this impor-

tant area and a number of promising but scattered research, develop-

ment, and application efforts. The Human Engineering activities are

likely to reflect this state of affairs unless a specific mechanism

is put into place to insure a focused, effective effort. The mechan-

ism suggested is an Advisory Panel for the purpose of evaluation of

tools and methodologies.

2.2.3.2 Description and Coordination. The Advisory Panel would

consist of a small group (7 or 8) of leading practitioners and

researchers from the relevant disciplines (e.g., cognitive psychol-

ogy, software engineering, human factors). They would be selected

during Year 0 by the DoD organization responsible for implementing

the Human Engineering Plan. They would serve that organization in an

advisory (and not a supervisory) role. Key areas for methodology and

tool development as well as for further research would be identified.

12



(Research activities are part of Subtask 3.) The Advisory Panel pro-

vides a focus for the Human Engineering Task Area while insuring that

multiple disciplines are represented. The Advisory Panel should also

serve as a liaison between the various activities within the Task

Area to insure that they are mutually responsive to the needs of the

Area and to the STARS progran as a whole.

The Advisory Panel would use the survey of DoD embedded systems

as one major source of input and the survey of existing human

engineering practices and tools as another. It would also be given a

review and assessment of current and past research. (The latter

would be produced as part of Subtask 3.)

2.2.3.3 Deliverables. The deliverables would consist of

*specific suggestions for methodology and tool development as well as

for further research. These suggestions would form the basis for

RFPs. It is important that other, potentially useful ideas not be

excluded by this process. The Advisory Panel would also provide

periodic assessments of progress in the Human Engineering Task Area

and continually updated suggestions for further work.

2.2.3.4 Cost Factors. This activity is estimated to require

50% time for seven people, 100% time for one person (the Panel chair)

plus travel funds for all members. The Panel should extend over the

entire span of the STARS prooran.

Half time for an Advisory Panel seems very high. The Air Force

has organizations like the Scientific Advisory Board and the Air

Force Studies Board who are experts in their fields, and most of the

labor is voluntary - for the prestige. The cost estimate appears to, o.

"* be valid since this is to be a working panel, unlike other such

panels. Further, this detailed activity has been somewhat revised to

focus on its product (priorities for tools, methodologies, research

and emperimentation) vice the mechanism, which is the Panel.

13
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2.2.4 Detailed Activity 1.4: Development of Methodology

2.2.4.1 Rationale. As noted earlier, the desired characteris-

tics of a user interface will not emerge automatically. They must be

made explicit and designed-in from the beginning. In fact, human

engineering principles must be incorporated during the early stages

of requirements analysis and continue into field operation. What is

needed is a general, integrated set of activities and procedures for

guiding the design and development of the user interface along. The

systematic and widespread application of these procedures would mark

the emergence of human engineering as a true discipline.

For the methodology to be effective, it is essential that it be

integrated, that is, that earlier activities be directly related to

later activities. An example of this integration can be seen in

Smith's (1982) efforts to develop a checklist for identifying the

functional capabilities required of the user interface. This check-

list is organized around the same functional areas (data entry, data

display, etc.) as his design guidelines, thus easing the transition

between an identification of needed capabilities and consideration of

the relevant guidelines.

2.2.4.2 Premises. As noted earlier, Hartson and Johnson (1982)

have argued for the necessity of a "dialogue author" who is distinct

from the traditional designer or programmer. There are two major

advantages of this approach:

1) It encourages the development of a specialist who is fami-
liar with the issues of interface design.

2) It encourages the design of a conceptually integrated inter-
face and, conversely, it avoids the problems associated with
inconsistencies in the interface as a consequence of dif-
ferent design and implementation decisions made by different
individuals, often as an afterthought to the design.

14
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This is an idea that should be investigated further.

2.2.4.3 Description. This activity should involve the develop-

ment of a general, integrated methodology for incorporating human

engineering principles into the system development process. The

methodology would build on existing work and would describe relevant

activities during each development phase. It would also include a

discussion of the major issues which arise in each phase. The fol-

lowing list contains examples of relevant activities. It makes no

claim for completeness.

Requirements Analysis:

- analyzing users and their activities, goals, terminology

- determining the relevant user characteristics which have
consequences for interface design

-:establishing quantitative acceptance tests of system usabil-
ity (Shneiderman, 1983)

Functional Specifications:

- identification of the functional capabilities required

Design:

- application of design guidelines and other design tools

- documentation aids for the user interface (for the designers
and for the users)

Evaluation Techniques:

- use of prototypes and simulations combined with empirical
data collection

- use of tools to check for adherence to guidelines

Implementation:

insuring consistency with the design

15



Operational Use:

- monitoring the profile of system usage in the field

In addition to developing procedures and discussing relevant issues,

this activity would result in suggestions concerning supporting

tools. As an example, if the use of prototypes of the user interface

early in design is advocated, a useful tool would be a

display/dialogue generator which allows for the rapid construction of

these prototypes.

2.2.4.4 Coordination. It is essential that the development of

the guidelines (Detailed Activity 1.5) and other tools (Detailed

Activity 1.6) be closely coordinated with the development of the

methodology.

There should also be a close interaction between the developers

of the methodology and the Support Systems Task Area. As mentioned

earlier, the human engineering methodology must be consistent with

other development methodologies and must operate within the budget,

schedule, and other constraints of any given project. In addition,

attempts to incorporate human engineering principles into the design

of the user interface for the automated support environment (Subtask

2) should be closely monitored by the developers of the methodology

because these attempts provide a useful source of feedback.

2.2.4.5 Deliverables. The deliverable from this activity would

be a series of reports outlining a detailed sequence of steps or pro-

cedures for incorporating human engineering into the system develop-

ment process and which augment and are consistent with existing

development methodologies. The reports would contain a discussion of

* major issues at each step and will suggest tools for facilitating or

enforcing implementation of the methodology. These reports would

enable the consistent implementation of the methodology, at least 'on

a trial basis.
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2.2.5 Detailed Activity 1.5: Design Guidelines

2.2.5.1 Purpose. Design guidelines provide one means of sum-

marizing current knowledge concerning the characteristics of good

interface design. As such, they constitute an important first step

towards bringing engineering discipline into the interface design

process.

Fortunately, a fair amount of work has already been done to com-

pile design guidelines under both industry and DoD spcnsorship. All

further effort at guideline development should build on and expand

existing work rather than start from scratch. There is a definite

need to gain experience in actually applying the guidelines to assess

their usefulness. Engel and Granda (1975) proposed an early set of

guidelines which has served as the basis for later efforts. The

Lockheed Missiles and Space Company (1982) has a very good, quite

comprehensive set of guidelines. Smith (1982), under contract with

the Air Force (Electronic Systems Division), has compiled a total of

580 guidelines broken down into six functional reas (data entry, data

display, sequence control, user guidance, data transmission, and data

protection).

The effort to develop useful guidelines is a continuing one.

Existing guidelines would be expanded to fill in gaps and would be

reviewed, refined, modified and, in some deleted. Guidelines, should

also be evaluated are made to apply them and as more is known about

the principles of interface design.

2.2.5.2 Premises. It is assumed that a number of aspects of

the physical (hardware) interface are well understood in terms of

6 their effect on the user. These include such characteristics as view-

ing angle and distance, keyboard location, and glare. In fact, there

are fairly comprehensive military standards for the design of phys'i-

cal equipment (MIL-STD-1472C) which has been the focus of previous

17
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human engineering work. Much less is known about the logical inter-

face, that is, about the principles underlying effective information

display and transfer. A basic premise underlying this activity is

that further guideline development (and further research) should

focus on these conceptual, communication-related issues.

This should be a continuation of current work. There are impor-

tant questions which must be addressed concerning the best organiza-

tion and form of guidelines. As noted earlier, Smith (1982) has

organized guidelines into major functional areas such as data entry,

da.a display, and sequence control. Each functional area begins with

a list of the basic objectives or goals for that area. For example,

the objectives for the guidelines related to data entry include such

things as "minimized input actions by user" and "low memory load on

user." These basic objectives may help the designer in cases which

are not covered by specific guidelines since they provide at least

some general guidance. As another example, the guidelines used by

Lockheed include positive (DO's) and negative (DONT's) examples for

each guideline. This is a useful vehicle for explaining each guide-

line by making more concrete, The issue of how to make the guide-

lines most useful needs to be addressed.

2.2.5.3 Description. This activity represents a continuation

and integration of current efforts. It would survey and build upon

these efforts, addressing issues regarding the most useful organiza-

tion and content of the guidelines. This activity would focus on the

logical or conceptual aspects of human-computer interaction. The

guidelines would be publicly reviewed. The development, review and

refinement of the guidelines would extend over the entire life of the

* Software Initiative.

2.2.5.4 Coordination. It is important to recognize that guide-

lines represent only one part of a more general set of activities for

incorporating human engineering into system development. As noted

: 18
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earlier, the general organization of the guidelines must permit a

straightforward transition between prior activities and work products

(requirements analysis and functional specifications) and later

activities (the design of a specific interface). Thus, the organiza-

tion of the guidelines cannot be determined in isolation from the

development of a general human engineering methodology (Detailed

Activity 1.4). Thus, there should be a close interaction between the

developers of the guidelines and the developers of the general metho-

dology.

There should also be a close interaction between the developers

of the guidelines and the contractors involved in the early efforts

(Years 0 through 3) to provide human engineering assistance to the

Support Systems Task Area (Subtask 2). Attempts to apply existing

guidelines should be closely monitored by the developers of the

guidelines.

2.2.5.5 Deliverables. The deliverable for this activity would

be a usable set of guidelines focusing on the logical characteri.c. s

of the user-system interface. The guidelines would be presenci' in .1

structure which is immediately usable by interface designers, aL

least, in conjunction with the general human engineering methodology.

*! 2.2.6 Detailed Activity 1.6: Supportin2 Tool Development

2.2.6.1 Rationale. The designer of the user interface would

require a unique set of tools - that is, a special support environ-

ment - to aid in the design, evaluation, and implementation of the

user interface.

2.2.6.2 Inputs. This activity is dependent upon the develop-

ment of the general methodology. The developers of the methodology

will suggest sets of tools. These suggestions should be reviewed and

prioritized.

I
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2.2.6.3 Description. This activity would involve the develop-

ment of an integrated, extensible set of tools for facilitating or

enforcing the consistent application of the human engineering metho-

dology. Whenever possible, existing prototypes and production tools

should be used. While the specific set of tools would depend upon
. - the methodology, possible candidates include the following:

*Tools for Requirements Analysis and Functional Specifications:

- operational requirements checklist

- checklist of functional capabilities

Design Tools:

- tools for rapid prototyping

- design consistency checks

- design documentation generator

- usabili y vaiuaor

- error message data base and vocabulary control

- grammars

- on-line structured data base containing guidelines

Evaluation Tools:

- tools to measure complexity of the interface

* - tools to determine adherence to guidelines

- data collection tools for monitoring user performance (error
frequency, command usage, etc.)

IIDocumentation Tools:

- Petri-nets

- transition diagrams

20
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Implementation Tools:
p-.'

- text formatters

- graphics formatters

- aids for software generation

- tools to verify consistency with design

The tools (or at least working prototypes) would be turned over to

the Support Systems Task Area as they become available. The above

list represents only a sampling of possible tools. There is a clear

need to integrate those selected for development within the broader

* context provided by the methodology. The sheer number of possible

* avenues for investment combined with the need for integration and

focus serve to underscore the crucial requirement for evaluation and

prioritization (Detailed Activity 1.3).

2.2.6.4 Coordination. The tool development activity is depen-

dent on and must follow the development of the general methodology.

The tool development must be closely coordinated with the Support

Systems Task Area since the tools will be integrated into the support

environment.

2.2.6.5 Deliverables. The deliverables would consist of tools

for designing, implementing, and evaluating the user interface along

with supporting documentation.

2.2.7 Detailed Activity 1.7: Methodology and Tools Applied

2.2.7.1 Rationale. Much can be learned from attempts to apply

the human engineering methodology and available tools to a few

selected projects prior to recommending their widespread use. This

would provide useful feedback by uncoverng deficiencies and gaps. In

addition, the selected projects would serve as models for later

applications of the methodology. This approach to methodology intro-
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duction has been successfully applied by Britton and Parnas (1981)

who used the development of the A-7E onboard flight software as a

model for applying the principle of information hiding and other

techniques.

2.2.7.2 Inputs and Premises. The methodology should be avail-

. able before development of a complete tool set. Additional tools (or

working prototypes) would be applied as they become available. It

would be important to select several different types of application

systems in order to assess the generality of the methodology. Pro-

jects should be selected which will be completed within a period of

time to allow for further refinement of the methodology and tools

(within one year).

2.2.7.3 Description. Three or four development projects would

be selected for application of the human engineering methodology and

tools (including the design guidelines). The developers of the metho-

dology would be available for consultation throughout the development

phase of each project. The application of the methodology would

begin at requirements analysis and would extend into the operational

phase of each system.

2.2.7.4 Coordination. This activity must be closely coordi-

nated with the Support Systems Task Area. There also must be a close

coordination between the activities involved in refining and enhanc-

ing the methodology and tools (Detailed Activities 1.5 and 1.8) and

these application attempts.

2.2.7.5 Deliverables. For each of the selected development

projects, the deliverables would include work products from each

d major phase of the development cycle (requirements, specification,

design, evaluation, implementation, and field operation). These would

serve as models for later projects. The specific work product for

each phase should be defined by the human engineering methodology.

22
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In addition, a report should be delivered for each project which sum-

marizes the difficulties and successes experienced in applying the

methodology and tools and which suggests specific enhancements and

ref inement s.

2.2.8 Detailed Activity 1.8: Methodology and Tools Enhanced

2.2.8.1 Purpose. The purpose of this activity is to continue

to refine and enhance the methodology as a result of increased

knowledge and experience. These enhancements should be reflected in

corresponding extensions to the tool set. In addition, prototype

tools would be refined.

2.2.8.2 Description. The methodology and tools would be con-

tinually refined and enhanced as a result of feedback from experi-

ences in applying the methodology and tools, and results from further

experimentation and research (Subtask 3).

2.2.8.3 Coordination. Attempts to apply the methodology to

selected development projects must be closely monitored. In addi-

tion, enhancements to the methodology should incorporate results

obtained from ongoing research efforts (Subtask 3).

At a higher level, refinements and enhancements to the methodol-

ogy must be closely coordinated with the Support Systems Task Area.

As new tools are developed and become available, they would be

included within the tool set maintained by the Support Systems Task

Area.

7. 2.2.8.4 Deliverables. The deliverables for this activity con-

sist of periodic revisions and enhancements to the methodology and

tool set (e.g. every 9 months).

-2
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2.3 Human Enzineerin5 of the Support Environment

2.3.1 Purpose

As noted earlier, the Human Engineering Task Area is concerned

not only with the end users of embedded systems but with the person-

nel involved in softw.are development and support activities. It is

equally important that the user interface to their computer systems

and software tools be well engineered. While the Support Systems

Task Area is directly responsible for developing and maintaining the

automated support environment, the Human Engineering Task Area should

play a major role in the design of the user interface for that

environment. The Human Engineering Task Area must also assure that

the developments in the Application-Specific Task Area can be and are

consistent with each other and with this interface.

There are two activities which present important opportunities

for Human E.gieering. One of these involves the selection (or

. design) of a prototype workstation (the hardware interface). The

additional capabilities provided by a dedicated processor with wide

bandwidth I/0 will allow for powerful modes of human-computer

interaction including the use of multiple windows, bit-mapped

displays, multi-tasking from a terminal, pop-up menus and various

pointing devices. Human Engineering should play a role in analyzing

the impact of these capabilities on the user. The second activity

involves the design of the software interface including command

languages, on-line help facilities, and system messages. Since the

users of the support environment cover a wide spectrum (designers,

programmers, project managers, and clercal support), the actual out-

. come of these activities is likely to be multiple workstations and

multiple user interfaces to the environment.
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2.3.2 Inputs

The development of the general human engineering methodology

(Subtask 1) would occur in parallel with this activity. Thus, the

Smethodology would not be available in any finished form for the ini-

tial design of the user interface. Nevertheless, it is essential to

incorporate human engineering principles into these early environment

efforts. There are existing guidelines as well as various human

engineering concepts which should prove useful on an interim basis.

2.3.3 Description

This subtask involves the design and implementation of the user

interface for the support environment and the "generic" Application

Specific Environment. This, in turn, includes the design or selec-

tion of a prototype workstation (the hardware interface) and the

design and implementation of the software interface. For both

activities, this would include the formation of an interim methodol-

ogy and the definition of specific work products. The methodology

would include procedures for:

0- analyzing user requirenents and relating these to the neces-
sary functional capabilities of the user interface,

o applying existing design guidelines, and

o prototyping/simulating the interface combined with experi-

mentation to decide among alternatives.

2.3.4 Coordination

These activities must be closely coordinated with the Support

Systems Task Area. In fact, the designers of the user interface

4 would be a part of the support environment development team. It is

also important to coordinate these activities with the development of

* "the the methodology and tools (including guidelines) since this

represents an important source of early experience and feedback.
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2.3.5 Deliverables

The deliverables would consist of a prototype workstation and

the software interface for the environment plus intermediate work

products.

2.3.6 References to Milestone Charts

The major subtask is shown in Figure 1. The detailed activities

are shown in Figure 3.

2.4 Description of Detailed Activities for Subtask 2

2.4.1 Detailed Activity 2.1: Prototype Workstation

Prototype Workstation"

2.4.1.1 Purpose. The move toward individual workstations is

motivated by several considerations including

o increased reliability,

o consistent and rapid response time, and

o support for powerful modes of human-computer interaction.

There are a number of issues related to workstation design which

would impact the user interface and, hence, the performance and

satisfaction of the user. Many people believe that the real value of

workstation will come from their capabilities to support interactive

graphics and other novel forms of human-computer communication (Gutz,

Wasserman,and Spier, 1981).

2.4.1.2 Premises and Inputs. The selection or design of an

extensible workstation would require input from both the Human

4 Engineering Task Area and the Support Systems Task Area. Human

Engineering would focus on the characteristics and capabilities pro-

vided to the user by the hardware and their impact on user perfqr-.

mance. Support Systems should cover all hardware and software expen-
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ditures and should address issues related to the hardware and

*software resources needed to support the required capabilities of the

user interface. Coulouris (1982) provides an excellent analysis of

the resources required for a reasonably powerful network of office

workstations. His analysis serves as a useful model for the types of

decisions which are involved.

Since the workstation would support different groups of users -

including project managers and various technical and staff personnel

- there may actually be several different configurations of capabili-

* ties selected rather than a single workstation.

2.4.1.3 Description. This activity would result in the selec-

tion or design of an extensible workstation for each major user group

involved in software development and software support activities. For

each user group, the required capabilities of the user interface

would be identified. In conjunction with the Support Systems Task

Area, the hardware and software resources required to support these

capabilities would be identified (e.g. bit-mapped color display,

minimal processor performance requirements, necessary peripherals,

etc.).

Also in conjunction with the Support Systems Task Area and coor-

dination task of the Application Specific Area, a survey would be

conducted of existing workstations, botk in the marketplace and

undergoing development. Prototype workstations would be developed

using off-the-shelf components whenever possible. Experimentation

with typical users would be carried out whenever useful for deciding

among alternative features.

2.4.1.4 Coordination. The final selection or design of the

workstation should be the joint responsibility of the Human Engineer-

ing and the Support Systems Task Areas and subject to coordination

with the Application Specific Task Area. As noted earlier, Human
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Engineering should focus on identifying the required capabilities of

the user interface and on evaluating the impact of interface charac-

teristics on user performance. Support Systems should provide the

hardware and software resources necessary to implement those capabil-

ities. There should also be a close coordination with the Project

Management Task Area to insure that the workstation is sufficient for

the current and future needs of project managers.

2.4.1.5 Deliverables. The deliverables for this activity con-

sist of the following:

o an analysis of the major user groups and their activities
(Requirements Analysis document),

o identification of the required capabilities of the user
interface (Functional Specifications document), and

0 the results of experiments to evaluate the effects of vari-
ous interface characteristics on user performance.

2.4.2 Detailed Activity 2.2: Support Environment Interface

2.4.2.1 Purpose. The previous activity would be concerned with

the human engineering aspects of the hardware interface between the

user and the support environment. The current activity is concerned

with the software interface (i.e., all aspects of the dialogue

between the user and the environment). There has been a fair amount

of discussion about the characteristics which should contribute to a

well-engineered software interface for programming support environ-

ments (although there has also been a noticeable absence of sys-

tematic experimentation). These characteristics include

o consistency in the user interface across different tools in
the environment,

o the existence of multiple interfaces for different users,
and
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o the flexibility to allow users to tailor their own command
sequences, abbreviations, menu shortcuts, etc.

2.4.2.2 Premises. The Humnan Engineering Task Area should be

responsible for designing all aspects of the software user interface.

This would be carried out in coordination with the Support Systems

Application Specific and Project Management Task Areas.

One issue that must be addressed is means for achieving con-

sistency of the interface across different tools in the environment.

The Ada Programming Support Environments (APSE) present a particular

challenge for this human engineering goal. Given the requirement for

a standard KAPSE with movable tools and data, a tool may well be

required to have a different user interface (or set of interfaces)

for each APSE it is moved to. There are three alternative approaches

to achieving the desired portability of tools across environments

while achieving consistency of the user interface within an environ-

m~ent. They include:

o re-engineering the tool for each APSE (an obviously) expen-
sive process over the long term

0 defining and standardizing a minimal user interface (which
appears premature at this point in time)

o defining a technique or tool that allows the user interface
to change with minimal tool change.

This issue clearly needs to be addressed by a collaborative effort

between the Human Engineering and the Suppport Systems Task Area.

2.4.2.3 Description. This activity would involve the design of

the software interface for the support environment. This includes

[/ ..

Sall system messages, system command languages, on-line help facili-

ties, and off-line documentation. In addition, it includes the user

interface for all tools specifically developed forthe support

environment. The designers should develop and adhere to a specific

methodology which would include the following general types of

29
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activities. (The methodology developed under Subtask I would not be

available during these early years):

o an analysis of the users, their activities and goals
(including project managers, technical and clerical person-
ue 1),

o early specification of design goals,

o specification of quantitative acceptance tests of user per-
formance (Shneiderman, 1983),

o an attempt to apply existing design guidelines,

o the design of all aspects of the interface prior to imple-
mentation, and

o techniques for the early evaluation and rapid modification
of the interface.

2.4.2.4 Coordination. This activity should be carried out in

conjunction with the Support Systems Task Area. There should also be

a close cuur laation witn the Project l ianagement Task Area which

would develop management tools for insertion into the environment and

with Task 5 of the Application Specific Area.

This activity should be closely monitored by the developers of

the general human engineering methodology (Subtask 1) since it would

provide an early source of feedback on successes and difficulties.

There should also be close coordination between this activity

and the design or selection of the hardware interface (the worksta-

tion) since the software interface would be partially dependent on

the capabilities of the hardware.

2.4.2.5 Deliverables. The deliverables for thip activity con-

s gist of the following:

o an analysis of the major user groups and their activities
(Requirements Analysis document),
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o identification of the required capabilities of the software
user interface for each user group (Functional Specifica-
tions document),

o quanititative acceptance tests,

0 interface design documentation, and

0 results from early experimentation and evaluation and docu-
mentation of subsequent refinements to the interface.

2.5 Subtask 3: Research Program in Human Engineering

2.5.1 Purpose

For the most part, the products which evolve from the previous

two subtasks will be based on experienced judgment, consensus and

trial and error rather than on a solid foundation of empirical evi-

dence and general principles. This is because no such foundation

exists. While interest in human-computer interaction is increasing,

the gaps in our knowledge are much more apparent than any body of

established findings.

The research program should establish a foundation for further

progress in human engineering which is based on models of user

behavior, general principles, and empirical evidence. In keeping

with the plan's focus on two primary user groups (end users of embed-

ded systems and software development personnel), the research program

would be structured around the following two general topics:

1) human factors of embedded systems use

2) human factors of software development and support.

The research program would support both basic research efforts aimed

at a more fundamental understanding of these topics as well as more

immediately applied work to validate design guidelines and other

aspects of the human engineering methodology. The research progeam
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would also include the development of initial prototypes of tools to

support the methodology.

-* 2.5.2 Description

This subtask consists of two distinct activities:

1) review and assessment of current and past research efforts
in the relevant areas (i.e., human factors of software
development and support, human factors issues in the use of
embedded systems), and

*2) initiation and monitoring of research efforts.

2.5.3 Coordination

The priority areas of the research program should reflect the

evaluation and priorities established as part of Subtask ". It is

anticipated that the investigations conducted as part of this

research program would yield results which have implications for

future software development methodologies, team structures, software

tools, etc. It would be the responsibility of the Advisory Panel to

insure that these results are fed to the Support Systems Task Area

and to other relevant areas.

2.5.4 Deliverables

There are two major sets of deliverables under this subtask:

I) a review and assessment of past and current work in human
engineering, and

2) specific research results.

(The specific suggestions by the Advisory Panel for a research pro-

gram in human engineering along with updates to these suggestions

, will be conducted as part of Subtask 1.)
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2.5.5 References to Milestone Charts

The subtask is shown in Figure 1. The detailed activities for

this subtask are shown in Figure 4.

2.6 Detailed Descriptions of Activities for Subtask 3

2.6.1 Detailed Activity 3.1: Research Review

2.6.1.1 Purpose. This review of current and past research

efforts in human engineering would provide a starting point for the
initiation of further research. It would help to avoid duplication
of earlier efforts while pointing to potentially high payoff areas.

2.6.1.2 Inputs and Premises. This survey should extend previ-

ous reviews by Atwood and Ramsey (1979), Shneiderman (1980), Sheil

(1981), Reisner (1981), and others. The focus of the review should be

on concerns relevant to the Software Initiative (i.e,. human

engineering of support environments and embedded systems) rather than

on the entire domain of human engineering.

2.6.1.3 Description. This would involve a review and critical

assessment of past work along with suggestions regarding high payoff

areas for further research.

2.6.1.4 Coordination. The report resulting from this review

should provide input to the evaluation and prioritization of metho-

dologies and tools conducted as part of Subtask 1.

2.6.1.5 Deliverables. The deliverable for this activity would

be a repo-, containing a critical assessment and survey of current

and past work in the human engineering of embedded systems and

4 software environments, and in the human factors of software develop-

ment. The report would recommend specific, high priority areas for

future emphasis.

r3
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2.6.2 Detailed Activity 3.2: Research

2.6.2.1 Rationale. Longer term advances in human engineering

must depend on a more fundamental understanding of human problem

solving and human-computer interaction. This activity would estab-

lish a foundation for the future by initiating a human engineering

research program.

2.6.2.2 Inputs. The research program would be planned by an

Advisory Panel. A major input should be the survey and assessment

conducted as part of this subtask.

2.6.2.3 Description. The research program would be structured

around two main areas:

1) the human factors of embedded systems use, and

2) the human factors of software development and support
(including the evaluation of software tools and aids for
individuals and for teams).

It would encompass both long-term, basic research efforts aimed at a

more fundamental understanding of human problem solving and human-

computer interaction as well as more immediately applied work to

validate specific principles underlying the human engineering metho-

dology and to evaluate the effect of specific tools. It would also

include the initial development of prototype tools and aids (particu-

larly those with a longer-term payoff).

Shneiderman (1983) has suggested a number of areas for research

and experimentation. The following list and descriptions are taken

verbatim from his paper and represent just a subset of his sugges-

tions. They are included here to point out the richness of this area

for experimentation. This very richness underscores the need for the

activities in Subtask 1.3 in setting priorities and in insuring that

the research activities address the needs of the Task Area.
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1) Response time, display rates, and operator productivity -

many computer professionals believe in the simple principle
that faster is always better. There is evidence from several

IBM studies and other sources that programmers are more pro-
ductive when system response time is kept within the one
second range or even faster. On the other hand isolated

studies have shown that in some business decision making
tasks, computer assisted instrucLion, complex order entry,
and introductory sessions with novices, rapid performance
leads to poorer learning, less effective decisions, higher
error rates, and occasionally decreased satisfaction. A

thorough study of multiple tasks with a variety of user com-
munities would shed light on which situations would be

improved with shorter response times or faster display
rates. Understanding psychological issues of short-term
memory load, decision making strategies, and information

overload would help in preparing design guidelines for sys-
tem implementers.

2) Menu selection - menu selection is offered on many systems
for novice users, but there is little data to support design
guidelines. The content, number, placement, and phrasing of
menu choices could be studied with attention to titling of
menu fr-=es, effectiveness of insLructions, evaila iity cf
type-ahead strategies or menu shortcuts, backtracking, and

graphic design to show hierarchical organization. Much pro-
gress could be made in this area with modest experimental
efforts. There is also an opportunity to investigate
software architectures for menu management systems, which
dranatically reduce the amount of code while permitting end
users to develop and maintain their own menus.

3) Command Languages - this traditional style of interaction is

another excellent candidate for research to understand the
importance of consistency in syntactic format, congruent
pairings of commands, hierarchical structure, choice of fam-
iliar command names and parameters, suitable abbreviated
forms, automatic command completion, and interference from
multiple routes to accomplish the same task. The impact of

response time and novel hardware display and entry devices

on the command set is another worthy topic.

4) Graceful evolution - although novices may begin with menu

selection, they may wish to evolve to faster or more power-
ful facilities. Methods for smoothing the transition from

novice to intermittent knowledgeable to frequent expert

could be studied. The differing needs of novice and experts
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in prompting, error messages, online assistance, display
complexity, locus of control, pacing, and informative feed-
back need investigation.

5) Specification and implementation of interaction - most
interactive systems are constructed with traditional pro-
cedural languages but novel techniques could reduce imple-
mentation times by an order of magnitude. Specification
languages and dialogue management systems have been proposed
and some commercial packages are available. Advanced
research on tools to aid interactive systems designers and
implementers might have substantial payoff in reducing costs
and improving quality.

6) Direct manipulatioz - graphical interfaces in which the user
operates on a representation of the objects of interest are
extremely attractive in computer assisted design and

* manufacturing, video games, database query, electronic
spreadsheets, display editors, etc. Empirical studies would
refine our understanding of what is an appropriate analogi-
cal representation and the role of rapid, incremental,
reversible operations.

7) Online assistance - although many systems offer some help or
tutorial information online, there is limited understanding
of what constitutes effective design for novices, intermit-
tent knowledgeable users, and experts. The role of these
aids and online user consultants could be studied to assess
their impact on user success and satisfaction. The utility
of a separate display or window for assistance or tutorials
should be constrasted with the common approach of entering a
separate subsystem which displaces the current display of
work.

8) Program documentation - many organizations have standards
for internal and external documentation, but realistic
evaluations of effectiveness are rare. Comprehensive trials

"V of documentation style for control flow, data structures,
module interfaces, concurrency, and real time constraints
would produce guidelines to practitioners and insights to
the cognitive processes of program comprehension. A major
beneficiary of these results would be program maintenance
organizations.
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2.6.2.4 Coordination. An Advisory Panel would review the

research efforts. The results would be used to further enhance the

methodology (Subtask 1).

2.6.2.5 Deliverables. The deliverables would consist of

periodic research reports detailing results.

2.7 Subtask 4: Evaluation of Human Engineerinz Impact

2.7.1 Purpose

The Software Initiative is focused on the development and sup-

port of embedded computer systems. A major objective of the Human

Engineering Task Area is to improve the user interface for these sys-

tems. Since embedded systems development and support are, them-

selves, human-intensive activities, a second major objective is to

improve the human engineering of the software support environment

along with the entire software process. The purpose of this subtask

is to assess the impact of the fluman Engineering Task Area relative

to each of these major objectives. This presents a challenge because

the Human Engineering Task Area cuts across a number of different

applications and user groups. While the general objective is to

improve the user interface for embedded systems and for the support

environment, this actually translates into different design goals for

different applications (and for different user groups within an

application). For example the user-interface characteristics which

are critical for a weapon system may differ substantially from those

which are important for the support environment. Yet, it will be

necessary to assess the effectiveness of this task area with respect

to these specific goals.

2.7.2 Inut

A major input to this subtask would be the survey of embed4ed.

applications which should be conducted as part of Subtask 1. This
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survey would provide a foundation for the measurement and analysis

activities of this subtask. This subtask would expand the general

framework provided by the survey by formulating specific measurable

goals for each application. The automated support environment and,

to the extent feasible, the entire process of software development

and support should be included in this effort.

2.7.3 Coordination

The general approach taken for this evaluation activity would be

to establish human engineering goals for each embedded application

and for the different user groups of the support environment. Using

these goals as input, measures would be identified to assess progress

toward each goal. The effective execution of this subtask would

require coordination with both the Measurement Task Area and the Sup-

port Systems Task Area. The Measurement Task Area should provide

support in the selection of measures for each category. The Support

Systems Task Area should provide support in determining the goals for

the various classes of users of the automated support environment.

In addition, the evaluation of the effects of alterations or addi-

tions to the support environment should be evaluated in coordination

with the Support Systems Task Area.

There must also be coordination with the Acquisition Task Area

since the execution of the activities underlying this subtask would

require software developers and support personnel to design and

implement mechanisms for data collection, either through instrumenta-

tion of their products or through appropriate simulations or user

surveys.

.4 2.7.4 Deliverables

The deliverables for this subtask would consist of:

3
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o a report specifying the human engineering goals for each of
the major embedded applications and for the automated sup-
port environment,

o a report identifying measures related to those goals,

o a report containing an analysis of the feasibility of col-
lecting the necessary measures along with the identification
of alternatives (e.g., surveys when objective field data
cannot be obtained),

o a series of reports outlining the requirements for data-
collection activities within each category (for use by
software development and support personnel),

• o a series of reports containing analyses of the data col-

lected and interpretation of the results in terms of pro-

wl gress toward the stated goals.

2.7.5 Reference to Milestone Chart

This subtask is shown in Figure 1. The detailed activities

are shown in Figure 5.

2.8 Description of Detailed Activities for Subtask 4

2.8.1 Detailed Activity 4.1: Human Enpineerinz Goals

2.8.1.1 Purpose. In the development of a given system, it is

important to define the human engineering goals for the system at an

early point and to carry out a specific set of activities to insure

that the development is converging on these goals. The purpose of

the human engineering methodology (Subtask 1) is precisely that: to

provide the tools and mechanisms for explicitly establishing goals

and insuring that they are met. The success of any system can be

measured by the extent to which the stated goals are, in fact, met.

On a larger scale, the success of the Human Engineering Task

Area would be determined by defining explicit goals and then measur-

ing the extent to which they are met. The purpose of this activity

is to establish these goals.
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2.8.1.2 Inputs and Premises. This activity would use the sur-

vey of DoD embedded systems (from Detailed Activity 1.1) as its major

input. The survey would describe the major human factors issues aris-

ing in each application. A basic premise underlying this subtask is

that there is a high degree of commonality in the required human

engineering characteristics within each application and within each

major user group of the automated support environment (e.g., project

managers vs. technical personnel).

2.8.1.3 Description. This activity would involve the estab-

lishment of explicit goals for each major application of embedded

systems within DoD and for each major user group of the support

environment. To the extent feasible, it would also include the

establishment of human engineering goals for the entire process of

software development and support. These goals are likely to be

expressed in terms of the following dimensions of user performance:

o ease of initial learning

o efficiency or speed of steady-state use

o error rate/accuracy

o level of user satisfaction.

2.8.1.4 Coordination. This activity should be used as input to

Detailed Activity 4.2. It would also provide useful input in the

development of the human engineering methodology (Subtask 1) by pro-

viding a catalog of goals for general classes of systems.

2.8.1.5 Deliverables. The deliverable for this activity would

be a report outlining the human engineering goals for each major DoD

embedded application and for each major user group of the automated

support environment.
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2.8.2 Detailed Activity 4.2: Measures and Feasibility

2.8.2.1 Purpose. The purpose of this activity is to identify

the measures which should be used to evaluate the extent to which the

human engineering goals are being met for each application. It is

not feasible to collect and analyze information on all conceivable

1- aspects of the system characteristics, system usage, and user perfor-

mance. Rather, the measurement activity must be selective and

directed toward the human engineering goals identified in the previ-

ous activity.

One necessary part of this activity would be an analysis to

determine the feasibility of collecting the measures which are iden-

tified. In some cases, the collection of various measures of system

usage is straightforward such as on a large host computer where com-

putational power is not at a premium. It should, for example, prove

feasible to collect relevant data on the use of the automated support

environment. There are certainly many cases, however, in which

instrumention in this fashion is not feasible. For many embedded

systems, it will be impractical to sustain the overhead required to

collect data. In these cases, alternative techniques must be

employed. These may involve simulation of the field environment or

surveys assessing the reactions of the end users.

2.8.2.2 Inputs. The major input to this activity would be the

catalog of goals generated under the previous activity (4.1).

2.8.2.3 Description. This activity would involve the identifi-

cation of measures to assess the extent to which the human engineer-

ing goals are being met. An important part of this activity would be

a feasibility study to identify measures which can be obtained in a

cost-effective manner and measures which must be obtained by indirect

means. The feasibility analysis would also establish the scope 'of

the data-collection effort for each category (i.e., all units vs. a

41
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representative subset). In many cases, it would be necessary to col-

lect data on a trial basis as part of determining feasibility.

2.8.2.4 Coordination. This activity should be carried out with

I support from the Measurement Task Area in identifyin- measures, in

analyzing feasibility and in insuring coordination and integration of

all measurement activities. This activity would also be carried out

with support from the Support Systems Task Area in determining the

feasibility of collecting measures on the usage of the automated sup-

port environment.

2.8.2.5 Deliverables. The deliverable for this activity would

consist of a report identifying measures for each major embedded

application and for each major user group of the automated support

environment.

A second deliverable would consist of a report containing a

feasibility analysis for each measure and identification of alterna-

tives when the collection of objective data from the operational use

of a system is not feasible.

2.8.3 Detailed Activity 4.3: Data-Collection Requirements

2.8.3.1 Purpose. In addition to establishing human engineering

goals and identifying relevant measures, it would be necessary to

explicitly describe the data collection requirements so that develop-

ers can carry out the necessary instrumentation. 1hen instrumentation

of the end product is not feasible, it may still be feasible to

instrument simulators. At the very least, it would be necessary to

tailor general surveys to particular systems.

2.8.3.2 Inputs and Premises. This activity would depend on

input from the previous activity (4.2) which involves the identifiqa-
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tion of measures for each major application of embedded systems and

for each user group of the automated support environment.

*" This strategy assumes that it would be the responsibility of the

developers of a system to put mechanisms for data collection into

"* place. In some cases, this would involve instrumenting the product.

In other cases, it might involve instrumenting a simulator or admin-

istering surveys in the field. In some cases, it may even involve

ro all three of these activities. The actual data collection would be

conducted by the personnel responsible for operational support. The

* iHuman Engineering Task Area cannot, within any reasonable financial

limit, take on the job of actually instrumenting systems or carrying

out the data collection. It could and would give explicit guidance to

enable software developers and support personnel to carry out these

activities.

2.8.3.3 Description. This task would involve the generation of

an explicit set of data collection requirements for each major

category of embedded system and for the support environment. These

.-requirements would specify whether actual instrumentation to obtain

objective data from the field is required or whether an indirect

means of obtaining the relevant data is more cost effective. These

requirements would contain sufficient detail to enable developers to

implement the relevant data collection mechanisms. Mechanisms for

delivery of the data for analysis and interpretation should also be

specified.

2.8.3.4 Coordination. This activity must be coordinated with

the Acquisition Task Area to insure that the requirements for data

collection are written into RFP's. (Whenever possible, this would

0 include not only new systems but existing systems undergoing modifi-

cation.) This activity must also be coordinated with the Support

Systems Task Area which would provide assistance in describing the

data collection requirements for automated support environments.
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I.2.8.3.5 Deliverabrs. The deliverable for this activity would
[ consist of a set of data collection requirements for each major

L!embedded application within DoD and for the spotenvironment. When

appropriate, relevant data collection forms (primarily user surveys)

would be provided as raodels to be tailored to specific systems.

2.8.4 Detailed Activity 4.4: Analysis and Interpretation

2.8.4.1 Purpose. This is the core activity to evaluate the

impact of the Human Engineering Task Area.

2.8.4.2 Inputs. This activity would depend on completion of

the previous three activities within this subtask.

2.8.4.3 Description. This activity would involve the actual

analysis and interpretation of the data collected. For each applica-

tion and for the automated support environment, initial baselines

: should be eptablished. Over time, changes from this baseline would

be tracked. The analysis will iocus oiu changes in user perlormance,

system usage, and user satisfaction as a function of changes in

user-interface characteristics. This type of analysis would support

model construction which will, in turn, allow for predictions about

the effect of proposed changes in the user interface to a system. It

should also allow predictions about the usability of a system based

on data collected from similar systems. 'art of this activity would

involve validation of these predictions. This activity would also

consist of feeding these results back to the Advisory Panel, to the

Support Systems Task Area, to the Measurement Task Area, and to the

Acquisition Task Area. This activity would also involve the continual

updating of goals and corresponding measures as necessary.

2.8.4.4 Coordination. As results are available, they should be

provided to the Advisory Panel. These results would provide signifi-

cant information about areas requiring greater emphasis and about
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suggested cause-effect relationships which should be formally tested

as part of the research activities (Subtask 3).

The results should also be fed back to the Support Systems Task

Area since they will reflect the effects of changes in the support

environment on user performance as well as point to tools which are

used infrequently (often a symptom of poor human engineering).

The results should also be fed back to the !ieasurement Task Area

as additional input into the general data base.

Finally, the results should be fed back to the Acquisition Task

Area so that as changes occur in the data to be collected, these

would be incorporated into the corresponding RFP's.

2.8.4.5 Deliverables. The deliverables for this activity would

consist of a series of reports containing the results of specific

analyses and assessing the impact of the Human Engineering Task Area

on ezh -j z a tin d onthe support envirorment.

The reports would point to suggested cause-effect relationships and

will suggest areas most in need of improvement.

Reports containing updates to the goals for each application and

to the corresponding measures would be delivered as needed.

4
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3.0 ANALYSIS OF BiEFITS

* The systematic application of the human engineering methodology

developed under this task area should represent an important step in

converting the current practices of user-interface design into an

engineering discipline. The potential impact of the Human Engineer-

*. ing Task Area is wide ranging. It is 'intended to increase the usa-

bility of support environments for personnel engaged in software

development and support. It is also targeted toward improvement of

the entire software development process so that the associated pro-

cedures and work products are better tailored to human capabilities

and limitations. Finally, it is intended to provide software person-

nel with -he procedures and tools to design highly usable systems for

their end users. "Increased usability" would be reflected in

decreased learning time, greater user efficiency, reduced error

rates, and increased user satisfaction.

While quantitative estimates of the potential benefits are dif-

ficult to derive due to the lack of baseline data, it is clear that

they are substantial. A rough quantitative estimate of these bene-

fits can be derived by the following analysis: The number of people

engaged in software development and support for the DoD has been

estimated at 100,000 (Everett, 1980). Clearly, even small improve-

ments in the productivity of these personnel can result in huge dol-

lar savings. Assuming that the average cost per manyear is $75K, each

12 improvement in the efficiency of software personnel could lead to

a savings of $7511. There are at least several times that number of

end users of the embedded systems that are built. Assuming a total of

500,000 users of embedded computer systems and, again, assuming that

the average cost per manyear is $75K, each 1% improvement in user

efficiency - lId lead to a savings of $375M. The actual realization

F of these savings would depend on the consistent and effective util'i-

zation of the human engineering procedures and tools developed.
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In the final analysis, the most i.:ycrta.t benefit may be the

avoidance of the loss of hu:r. life resulting from user error in the

operation of rission-critical systems.

4
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6.0 LUKAGES TO OliiEl TSK EAS

6.1 Linkace to Human Resources

SKILLS - The human engineering of computer-based systems has only

recently energed as an identifiable area of study and application.

Practitioners have emerged from a number of different areas including

cognitive psychology, computer science, human factors, traditional

human engineering, industrial engineering, and ergonomics. There is

a growing awareness of the need to establish a general job category

that might be called "'luran Factors Software Engineer". A person

within this general category will concentrate on the interface

between a human user and the software and hard.are of computer-based

systems. It is ex:pected that there will be specialties within this

general category such as graphics designers, dialogue authors, and so

on. An early task will entail the identification of skill require-

ments for this Human Factors Software Engineer. This appears to be a

tas k for the Human Resources Task Area with support from Hluman

Engineering.

Two different user communities will benefit from the application

of human engineering skills. One community consists of the end users

of DoD embedded systems such as pilots, weapons officers, and commun-

ications personnel who operate the embedded systems. The other com-

munity ccnsists of the personnel involved in software development and

support who either produce the software for the embedded systems or

produce the automated environments that host the software-related

activities and products.

TRAIUII:C - As noted above, the human engineering of computer systeus

is an area which has emerged from a number of different disciplines.

The relevant literature is not easy to locate, coming from many.

diverse areas. There is currently no complete training curriculum.
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In order to establish a body of expertise which matches the

" skill needs to be defined, a curriculum must be established within

Vi the most appropriate discipline (e.g. computer science, human fac-

tors). This appears to be a task for the Human P.esources Task Area.

C.REEPR PATtS - Given the identification of the requisite skills and

establishzert of apprcpriate curricula, definitions are required of

" ithe various jobs to be performed by human factor software engineers.

Description of these positions appears to be a task for the Human

Resources Task Area.

6.2 Linkage to Proiect ILanazement

Project managers are responsible for overseeing software

development, installation, and support. They prepare a work break-

down for the project, produce project estimates, identify requisite

skills, assemble a team, assign, schedule, and monitor work accom-

plishment. Every project manager wants to build a high quality system

-that is admired by colleagues, celebrated by users, circulated

widely, frequently imitated, within project cost and schedule. Human

engineers can contribute to these system design goals when assigned

early in the development phase (i.e., during requirements analysis)

and retained throughout the project life cycle. I-hen modeling pro-

ject management, there should be specific coordination with the Human

Engineering Tas- Area in order to identify and insert hu.an factors

decision points into the project management process model. In par-

ticular, it is essential that project managers know where human

engineering concerns rank in the list of project priorities for any

given project. These priorities must be explicit to allow for the

appropriate allocation of resources.

A second linkage between Project M'anagement Task Area and the

Human Enineering Task Area concerns the htmian engineering of tohe

management tools and methodologies themselves. The Human Engineering
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Task Area can assure that the project management tools are also well

engineered from the standpoint of the people who w.ill use the tools.

This activity is included within Subtask 2 of the Human Engineering

Task Plan (selection of workstations and design

6.3 Linlaae to Supoort Systems

There are a number of essential linkages between tie urar

Engineering and the Support Systems Task Area. In fact, llutan

Engineering is more closely linked with this area than with any

other. Each of the four subtasks underlying the 17uran Engineerin;

Task Plan depends on coordination with Support Systems. These are

described below.

M"11ODOLOGY DEVELOPIII'T (Subtask 1) - It is essential that the

activities underlying the developnent and application of the human

engineering methodology be closely coordinated with the Support Sys-

tems Task Area. To be successful, the human engineering methodology

must result in procedures and work products that are consistent with

other systL.i development activities and products. The human

engineering methodology must be integrated into the more general

development methodology.

11U1A V.CIUE.IG OF 12E SUPPO,T VIRO~1m1T (Subtask 2) One of the

early products of technology consolidation is the planned worksta-

tion. The Ruman Engineering Task Area will work with Support Systems

in designing or selecting this workstation. The Human Engineering

Task Area will focus on £dentifying the required capabilities of the

hardware interface and on evaluating the impact of these capabilities

on user performance. The Support Systems Task Area will provide the

* hardware and software resources necessary to impler.ent those capabil-

ities.

In addition to participation in the workstation selection, the-

Human Engineering Task Area will be responsible for designing the

6
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user interface to the software functions of the support environment

" (e.g., co=-mar.d languages, help facilities, etc.).

RESEtXCE PrOGF. IN 1,":Ukt E:GI;EE1.fI:G (Subtasli 3) - It is anticipated

that the investigations conducted as part of the research program in

humar. engineerin- will yield results which have implications for

future software development anc support z:ethodclogies, tear- struc-

'- tures, software tools, etc.

To be useful, these results must be transferred to the Support Sys-

* "tems Task Area.

EVALUATIOIZ OF FUIi EiGIU.EE-RI1G IflPACT (Subtash 4) - The Support Sys-

tems Task Area will support Human Engineering in establishing the in;

goals for thclasses of users of the automated environ:::ent. In the

evaluation of the effects of changes in the environ(e.g., addition of

tools, changes in the user interface), will be conducted in conjunc-

tion with the Support Systems Task Area. c

6.4 Linka-e to Aplication Specific

The Application-Specific Tash Area will support the development

of reusable software components for selected applications. There are

a number of human engineering issues related to mechanisms or guide-

lines for specifying and cataloguing software components. This

expertise can (and should) be provided by the lumar.n Engineering Task

Area although no such linkage currently e,:;ists vitl-i: . te- ":-.r

Different applications rill require different hur.,an engineering

goals in system design. There are two sequential activities mithin

the luman Engineerirn Task Area which are directed at defining these

* .goals for each major application. Specifically, Detailed Activity

1.1 consists of a survey of DoD embedded systems to identify the

* major humian factors issues. Detailed Activity 4.1 consists of =he

explicit specification of human enginecring goals for each of these
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applications. The Application-Specific Task Area can provide useful

-" support in revieving these activities.

6.5 Linkae to Technolofzv Insertion

It is eapected that several hu.an factors softare engineers

wili be resident at the Software Engineering Institute. These indi-

viduals, each in a one- tc two-year tenure, will conduct studies to

* evaluate nu.tan engineering aspects of the support envircnment. They

will also focus on issues related to the integration of humtan

eng.ineering procedures and tocls into the support envircnment.

6.6 Linkaze to "easurement

The 1easurement Task Area will insure coordination and integra-
tion of all measurement activities within all task areas of the

Software Initiative, Specifically, it will suppcrt the developrlent,

use and refinement of measures to aid in all phases of software

development and support. It will also provide support in assessing-

the effectiveness of the different task areas. The :uma-. Engineering

Task Area %ill coordinate closely with the 1i.easurement Task Area to:

o identify measures to assess the impact of the Hluman
Engineering Task Area (Subtask 4)

o identify points in the systemi development cycle for data
* collection and other forn.s of quantitative assessment (Sub-

task 1)

o use the results from the above tto activities to evaluate
and revise human en-inecring methodologies and tools.

6.7 Linha.ie to Accuisition

The plan for the Acquisition Task Area includes activities to

provide appropriate contractual incentives and guidelines and to

identify new technologies enhancing the acquisition process. Thc

tools and methodologies produced by the E''.an Engineering Task Aea"

will be consistent with these acquisition enhancement goals. Close
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coordination is required between the -,anel to be established in the

Accuistio. Taz:-, Arec a-. t!-e Acvisorv Panel to 'e established in the

_.-niearin .... Area so tC-! ifcr- tior- be sharee as to

tcols ac ( -'t. lo i of rotentiall; i- p z:Qack as well as assis-

tarc -r---i' . r. s truct rin co ta to nitlln:- 11 i: cC:..tIv.

Th.- svalua tic, of the i:..0act o1 the _Ian inerin.

Arca (Sutta - 4) :ill require clo-e coordination -:i t the Acqusitio:.

TasI- "Area since svste. contractors ':ill be required tc develop

.ec asr.s:-z or ccllecting data about syste:: usage and to carry out

!%is data collection.

6.3 Lin':a e to Svste-.,

There are no direct linkages betweer these two tasic areas.
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: 2- ;AFPE::DIX I

:ISTORY OF 7HE HU1G:; LPLI:

The general history of the Soft-,:cre Initiative is outlined in a

document entitled "Strategy for a DoD Softvarc Initiative" which

appeared in October 1932. The strategy docuaent identifies eight

different tasi: areas, one of which is Huran Engineerin.. The primary

activities described for Human Engineerin; in that docuerent include

the selection or design of a prototype workstation and the initiation

of a research and development program.

A more detailed strategy for I!uman Engineering was prepared in

Nlate ovember 192. This detailed strategy built upon the Hu-an Fac-

tors section of the Appendix to the earlier strategy document. Addi-

tional input ias obtained from the responses to the "Candidate RiD

Thrusts for the Software Technology Initiative". This -wore detailed

strategy ex:panded the scope of the task area to include the software

interfacc between the user and the automated support environment (in

addition to the workstation activity). It also focused or. the need

for a general human engineering methodology to incorporate human fac-

tors principles throughout the development of an interactive system

(whether this system is an automated support environment or an appli-

cation system). In mid-December, this more detailed strategy was

reviewed by a task force of DoD personnel from the component ser-

vices. Following this review, a subtask to assess the impact of the

Human Engineering activities was incorporated into the strategy.

The next major point of review occurred at the Software Initia-

tive Workshop held in February in Raleigh, 11orth Carolina. A panel

of leading researchers and practitioners in hunwar factors was assem-

bled for this workshop. The panel consisted of the following members:
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Chair: Carol 'organ - NAVSEA (alsc a member of the
Software Initiative Task Force)""Vice-Cihair: Elizabeth Kruesi - General Electric (author of

the detailed plan)

Louis -- lzzy - Arn. Research Ir,;titute
Tho-.LS LalldCUCr - Bell Laboratories
.T , Linuist - Virginia Tech
David L;crovitz - Martin !'arictta Denver Acs-acc

Do.: li "'.or.,: - Air Force Aerospace ::eeical
fResearci-. Laboratory

John O'Kare - Office of Naval Research
Phyllis Reisner - 1E

S idney S;.:. - 1I T4 E

The pur-,ose of the workshop was to receive comzaent from a wide

segment of the tech.ical comm-u.ity. The iuman Engineering strategy

was presented at a four-hour session to an audience of approximately

70 people. During that session, a total of nineteen written couments

were submitted along with a number of spoken comments and questions.

Following the Raleigh workshop, the strategy underwent one major

revision incorporating a document entitled 'I[uman Factcrs Engineering

and Softv:are" b': Donald Mioni of the Air Force Aerospace Medical

Research Laboratory. The following points cover the major issues

raised by the aucience and their impact on the plan.

1) Coment: Several people pointed out that the strategy was
entirely concerned with the human-computer interface instead
of with the human engineering of the entire process of
software development and support. I-mpact: This wider.ing of
the scope of hun.an engineering has been incorporated into

.4 the latest revision of the strategy.

2) Comment: One person suggested that the user's conceptual
model of the syster., be considered. Impact: This is vieved
as a worthy research topic with a longer-ter=m, payoff.
Presumably, it will be considered by the Advisory Panel in

* planning; the research program.

3) Comment: One person pointed to the problem of the long
timelag in applying research results. In general, this
problem cuts across the entire Software Initiative. Impact:
This timelag may be lessened by initiating a focused
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research program that is directed at solving the specif z
set of problems falling within the realm of the Initiative.
For this reason, the research progr- for lur.an Engineering

will consist of a focused set of activities.

4) Comment: Several people pointed out that most embedded sys-
tens do not have a Cn.T interface yet the strategy seemed to

be directed towards a terminal interface. It was suggested
that other types of I/0 be e::plicitly mentioned such as
voice, tactile, and analog displays. Impact: It was agreed
that this was under-emphasized in the original strategy.
The focus of the strategy has now shifted to include the

end-user of embedded systems.

5) Comment: One person commented on the importance of measure-
ment to the goals of the Human Engineering Task Area.

1-.echanis.s are needed for obtaining feedback frolL the field
use of end products. Impact: The support environment will
be instrumented as part of the leasurement Task Area. The

problems involved in obtaining feedback about the use of
embedded systems will be addressed by Subtask 4 of the

current strateg-.

6) Comr:ert: Several people pointed to the severity of the
ccnsequences of pocr hum.an engineering of tactical embedded
systems. Impact: This has been r..entioned in the current
revision.

7) Cornent: One person comi-ented on the need for validat-
ing the hutman engineering methodology. Impact: This was

interpreted in two ways, both of which are important and

necessary. The methodology must be applied and data col-
lected to show that the system is actually better as a

result of having been developed under the methodology. Sub-
task 4 of the current plan is directly concerned with the
need to collect such data. Secondly, mechanisms must be
developed, either through acquisition, management, or
through the use of tools, to insure adherence to the metho-

dology. The necessary linkages must be set up with the

• 1anagement, Acquisition, and Support Systems Task Area to

insure such adherence.
• / O-.

.8) Comment: One person commented on the lack of a clear

responsibility for the measurement aspect of Human Engineer-
ing. It was unclear whether it should lie with the Measure-
ment Task Area or with Human Engineering. Impact: This as

clarified in the current strategy by assigning that respon-
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sibility to urF .a...n E.neerin- with support frcz- t.-e
Measurmr.ent Task Area.

9) Comment: The point was made that prototypes can be very
useful in determ ining systec: requirements. Impact: It is
assuL.ed that the use of prototypes belongs under Suh tas I
of this plan and will be addressed by the Advisory Panel. It
also seems to overlap with the Support Systems Task Area.

1 10) Comuent: One person suggested that "um an Engineering shculd

export its expertise in evaluation and e::perimentation into
the other task areas. Impact: It is recognized that many of

the people involved in human factors activities are trained
in experimental design and statistical analysis. This is,
however, the responsibility of the 1:easurement Task Area
although a synergistic link between the two areas is cer-
tainly expected.

11) Comment: The panel felt that there is a clear need for a
steering group to be responsible for the focus of the metho-
dological activities. This includes assessing the currently

available techniques and tools and guiding the selection of

further activities. Impact: In the current revision, these

Research Advisory Panel. The establishment of this panel is

now a part of Subtash 1 (Ilethodology Developrzaent).

12) Comment: There were several issues concerning the hu.an

engineering of the support environr.ent. The panel noted
that there is essentially no work on the human engineering
of automated environments for software development. There
is much talk about human engineering which focuses on dis-
cussions of the use of graphics, vari:ous pointing devices
and so on. However, no one appears to address basic princi-
ples of interface design or conduct systematic experimenta-

* tion, both of which fall within the domain of a true human

engineering discipline. In addition, it was pointed out
that automated support environments present special problems
for human engineering. Impact: The plan has been revised to

include a discussion of the need to address the issue of
maintaining a consistent user interface across tools while
allowing for portability of tools across environments.

13) Comment: One panel member expressed concern about the
implementation of the Advisory Panel. The following is a.
direct quote from this member. "This panel has to be

thought through more carefully. If it is contracted-out to
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an e%:ternal-DoD organization, its members and their organi-
zations cannot participate in the contracted work. It is
likely that the e-.perts needed to support the work of the
panel will come from different organizations so that it
would be difficult to sole-source one organization to this
work. The connection between the panel and subsequent con-
tracts to do the work needs to be established and the role
of DoD clarified. It does not seem proper to defer such
expenditures to an e::ternal organization; some DoD manage-
ment responsibilities would seen obligatory. I would sug-
gest a DoD-managed panel (on a part-time, as needed basis)
with the actual work delegated to paid consultants
(experts). Soue mechanism for their periodic reporting and
interaction has to be established." Impact: Since this is a
technical plan and not an imiplementation plan, that issue
has not beer. addressed. It is clearly an important issue
which will have to be addressed along with other implementa-
tion and legal issues.
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