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Foreword

This Critical Process Assessment Tool (CPAT) is intended for application during the development of a solicitation, contract award and management of the acquisition through the end of the program.  As a guide, it specifically addresses the Human Factors Engineering critical process, but should be used in conjunction with other CPATs when working in an Integrated Product Team (IPT) environment.  Just as the human factors engineering function must interact with other disciplines within the IPT, this CPAT fits within a framework of other CPATs.  The figure below provides a depiction of the interrelationship of the CPAT structure.
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CPAT Architecture

The Overview CPAT provides a description of the tool’s format, guidance on its usage, and a overview of the acquisition process, so it should be consulted by the first time reader.  The Program Management, Systems Engineering and Risk Management CPATs are the overarching CPATs for the IPT process and contain specific acquisition process information, integrating the processes of the other CPATs.  In order to reduce redundancy, the reader will find that they are referred to throughout the other CPATs.

The remaining CPATs address specific functions that input to the IPT process.  While the focus is on individual functions, many interface with one another and therefore contain references to each other.  Critical Process Assessment Tool (CPAT)

Human Factors Engineering

Section 1. -- Introduction

The Critical Process Assessment Tools (CPATs) are intended as aids for project officers and project engineers in preparing

(1)
Requests for Proposals (RFPs),
(2)
developing source selection standards,
(3)
performing technical evaluations and fact-finding, and
(4)
participating in or reviewing contract execution after contract award.

The CPATs are applicable to processes that, because of risk, are critical to contract execution.  Indeed.  Human Factors Engineering is a critical process for most systems/item development, modification, or even off-the-shelf acquisition.  Since human interface requirements must be determined and verified.

1.1 -- Description of the Human Factors Engineering Critical Process

The capabilities and limitations of the system operators and maintainers always place constraints on systems that must be considered during the development process.  A comprehensive management and technical strategy for human systems integration must be initiated early in the acquisition process to ensure that human performance, safety, manpower, personnel and training issues be considered throughout the system design and development process.  The objective of the human factors engineering critical process is to establish acceptable compatibility between the system and the people who operate, maintain, and support it.  To insure system objectives are met and personnel safety is considered, human factors engineering must be integrated into all phases of systems engineering:  design, manufacture, test, and support.

Human System Integration (HSI) is the systematic use of knowledge to achieve compatibility in the design of interactive systems of people, machines, and environments to ensure their effectiveness, safety, and ease of performance.  The term covers all biomedical and psychosocial considerations.  It includes, but is not limited to, principles and applications in the areas of human factors engineering, personnel selection, training, life support, job performance aids, and human performance evaluation.  Human factors engineering requirements are established to develop effective human-machine interfaces, and minimize or eliminate system characteristics that require extensive cognitive, physical, or sensory skills; require excessive training or workload for intensive tasks; or result in frequent or critical errors or safety/health hazards.  Table 1 identifies factors that are frequently considered during design development.  The capabilities and limitations of the operator, maintainer, trainer, and other support personnel must be identified prior to program initiation and refined during the development process.

Human Factors
Human Characteristics

Anthropometric Factors
Human Physical Dimensions, Body Posture, Repetitive Motion, Physical Interface

Sensory Factors
Hearing, Vision, Touch, Balance

Cognitive Factors
Mental Ability, Skills, Decision Making, Training Requirements

Psychological Factors
Human Needs, Attitudes, Expectations, Motivations

Physiological Factors
Human Reactions to Environments, Strength (lifts, grip, carrying, etc.), Endurance

Table 1. -- Common Human Characteristics Associated With Human Factors

1.1.1 -- Summary of the Human Factors Process During Each Phase

Human factors engineering is a process critical to most acquisition programs.  The human factors critical process begins as an integral part of the systems engineering requirements identification and requirements analyses during the Concept Exploration and Definition phase of development.  The iterative application of the system engineering requirements process includes the establishment of human interface requirements that can be satisfied feasibly and affordably and the capture of those requirements into a functional baseline, that is, in an approved system specification or other requirements document.  These human factors considerations will eventually result in optimizing the design for the human element and determining the personnel and training requirements for logistic support.

Early in the system (and associated software) development, a number of design activities are taking place that are necessary to achieve human factors objectives.  These activities include functional analyses, operator and maintenance task analyses (to determine skill type and level requirements), error analyses, safety analyses, operational concept development, etc.  In subsequent development phases (Program Definition and Risk Reduction (PDRR), and Engineering and Manufacturing Development), iterative trade off analyses and functional requirements allocations affecting the human element continue at increasingly detailed levels.  Design solutions are determined and then verified through testing and demonstrations.  Reports, plans, and program decisions made by the development communities outside the acquisition infrastructure (e.g., manning documents and personnel occupational specialty decisions) must reflect and, to every extent possible, be reflected in program design decisions, trade-offs, risk assessments, and test results.

For nearly 25 years, DoD Directive 5000.1 and Instruction 5000.2 have been centerpieces of defense acquisition policies and procedures.  In March of 1996 new 5000.1 and 5000.2 were published with the intent of defining an acquisition environment that makes DoD a smart and responsive buyer of goods and services that meet war-fighter needs at the best dollar value over the life of the product.

DoDI 5000.2R paragraph 4.3.8 (March 1996) addresses Human Systems Integration (HSI).  Specifically it states:

“A comprehensive management and technical strategy for human systems integration shall be initiated early in the acquisition process to ensure that:  human performance; the burden the design imposes on manpower, personnel, and training (MPT); and safety and health aspects are considered throughout the system design and development processes.

Human factors engineering requirements shall be established to develop effective human-machine interfaces, and minimize or eliminate system characteristics that require extensive cognitive, physical, or sensory skills; require excessive training or workload for intensive tasks; or result in frequent or critical errors or safety/health hazards.  The capabilities identified prior to program initiation (usually Milestone I), and refined during the development process.  Human-machine interfaces shall comply with the mandatory guidelines for all C4I systems, automated information systems, and weapons systems that must interface with C4I systems of automated information systems, as defined in the TAFIM.

Reports, plans, and program decisions made by the HSI communities outside the acquisition infrastructure (e.g., manning documents and personnel occupational specialty decisions) must reflect and, to every extent possible, be reflected in program design decisions, trade-offs, risk assessments, and test results.”

DoD Directive 5000.2 mentions the Department of Defense Technical Architecture Framework for Information Management (TAFIM).  The TAFIM is intended to guide the development of information system architectures that satisfy requirements across missions, functional areas, and functional activities with the goal of expanding the opportunities for interoperability and enhancing our capability to manage information resources.  The TAFIM is mandatory for use in DoD and in addition to being cited in DoD Directive 5000.2 its use has been affirmed by memorandums from Under Secretary of Defense Emmett Page in June of 1994 and March of 1995.  Volume 8 of the TAFIM is titled DoD Human Computer Interface (HCI) Style Guide and provides a common framework for HCI design and implementation.

1.1.2 -- Contribution to Mission Success

Human Factors engineering is an integral part of the systems engineering process.  In order to assure mission success, all factors that affect the system performance and readiness must be considered.  In fact, people are a significant part of the operational system in every case.  We can only guarantee results when we are able to predict how the hardware, software, and human elements are going to perform.  We can readily expect consistent performance of equipment.  People, on the other hand, process information and communicate differently, derive decisions in a variety of ways, and carry out tasks in a less constrained manner.  Therefore, the design must facilitate the human interface such that human error potential is minimized or eliminated, tasks are simple to understand and can be readily accomplished, and the impact of decisions is clear.

Human Factors engineering should identify and be familiar with the functions and tasks to be performed by the system and the operational environment.  This allows development of an understanding of the overall system dynamics and the development of a valid operations concept.  This should be followed by a complete analysis of the capabilities and limitations of system users.  A task trade-off analysis is recommended to establish an understanding of which tasks are best performed by the human and which are best performed by the hardware and software.  In addition, this understanding provides the groundwork for task and interface design to ensure that the user can successfully perform the required tasks.  Finally, apply a consistent set of rules for designing the interface.  The design should meet specific user requirements and provide the functionality to meet those requirements.

As stated in the Systems Engineering CPAT, “Unless a disciplined, comprehensive system engineering process is applied, the requirements adopted for a program may not be consistent with the budget and schedule constraints, may not be complete, or may not be fully or correctly allocated or traceable to the individual system elements.  Requirements that are inconsistent with the budget or schedule constraints will eventually lead to disruptive program restructuring that delays and increases the cost of the meeting the requirements finally adopted.”

From our discussion, it is obvious that human factors overlaps with the reliability critical process to achieve the required level of reliability of personnel and equipment combinations.  This is also the case with maintainability.  Operational readiness at an acceptable cost can only be optimized by considering the personnel who will be maintaining and servicing the equipment.  Maintenance functions are defined through the systems engineering functional analyses.  These functions are further allocated between the maintainers and the equipment.  The capabilities and limitations of the maintainers must be understood and utilized an efficient manner.  Our goals during this process should be to minimize the skill level requirements, personnel count, and maximize ease, economy, and accuracy of the maintenance actions.

Personnel safety is also of paramount consideration during the design development phases.  That is, the safety of the fabricators, assemblers, testers, maintainers, and operators must be assessed, hazardous items identified and either eliminated in the design or mitigated by including appropriate instruction in the work, test, maintenance, or operation procedures.  Human Factors engineering considers the body of knowledge which places limitations on acceptable ranges of acoustic noises, vibration, shock, impact forces; applies adequate protection from thermal, toxicological, radiological, electrical (and other) hazards; and administers other factors that may affect personnel safety.

In summary, all DoD systems and equipment must be designed to provide work environments which foster effective procedures, work patterns and personnel safety.  We must minimize factors which degrade human performance or increase error.  We need to assure that operator capabilities are not exceeded by workload and accuracy demands, time constraints, mental processing, and communication.  Designs must minimize personnel and training requirements within the limits of schedule, cost, and performance trade-offs.  Human factors considerations apply in each instance of human interface with the hardware and software.  Without ample considerations we are potentially inducing opportunities for mission failures due to human error, needlessly compromising safety of personnel, and driving up operational costs with requirements exceeding human capabilities.

1.1.3 -- Relationship to Other Technical Tasks

Human factors engineering is an integral part of the systems engineering process and closely allied with the disciplines of reliability, maintainability, safety, environmental, productivity, test, and electromagnetic compatibility.  The human factors critical process begins in the first phase of the systems engineering process, with requirements identification and analyses.  As system functions are identified, they are evaluated to determine whether they are performed manually (with humans) or automatically (with equipment) or possibly both.

During the Concept Exploration and Definition, Program Definition and Risk Reduction, and Engineering and Manufacturing phases of system development, human factors engineers employ analytical techniques (as part of the system design functional analysis) to define and refine human factors requirements to ensure that optimal interfaces exist between humans and the system elements.  The human factors engineers team with reliability engineers and designers to perform failure analyses aimed at determining and evaluating potential personnel and equipment related failure modes.  Human factors engineers also join with the maintainability specialists, logisticians, safety specialists and others in translating the results of the failure analyses into improved human-system interface designs.  Human factors engineering analyses are part of an iterative processes of evaluation, design change, and reevaluation that continues throughout the systems development process.  As mentioned earlier, DoD Instruction Policy (DoDI 5000.2) establishes policy for integrating human factors, manpower, personnel, training, and safety and health experts into a coherent system engineering effort that improves total systems performance and reduces costs.

Table 2 identifies the human factors analyses -- including manpower, personnel, training, and safety/health hazards -- that should be performed as part of the human engineering critical process.  The analytical techniques that human factors engineers may use include operational sequence evaluations, timeline and task analyses, and error analyses.  Each analysis should be used at the earliest opportunity in order to influence the selection of design alternatives when they can be implemented at the least cost.

Operational sequence evaluations describe the flow of information and processes from mission initiation through mission completion.  The results of these evaluations are then used to determine how decision-action sequences should be supported by the human-system interfaces.  Task analysis involves the study of task and activity flows and human characteristics that may be anticipated in a particular task.  Task analysis is used to detect design risks associated with human capabilities, such as skill levels and skill types.  Task analysis also provides data for man-machine trade-off studies.  The results of a task analysis allow the system designer to make informed decisions about the optimal mix of automation and manual tasking.  Error analysis is used to identify possible system failure modes.  Error analysis is often conducted as part of human-machine trade-off studies to reveal and reduce (or eliminate) human error during operation and maintenance of the system.  The error analysis results eventually are integrated into reliability failure analyses to determine the system level effects of any failures.

Tests and demonstrations are often necessary to identify mission critical operations and maintenance tasks, validate the results of the human factors related analyses, and verify that human factors design requirements have been met.  These tests and demonstrations are used to identify mission critical operations and maintenance tasks.  Therefore, they should be completed at the earliest time possible in the design development process.

Table 2. -- Human Systems Integration

Human Systems Integration

Human Factors Engineering
Manpower
Personnel
Training
Safety and Health Hazards

Physical and Mental Capabilities & limitations
Wartime Requirements
Personnel Classification & Selection
Training Concepts & Strategy
System Safety/Health Hazards Plan

Anthropometric & Biomedical Criteria
Deployment Considerations
Demographics
Task Analysis Methods
Human Error Analyses

Man-Machine Interface
Force Structure
Accession
Media & Rates Equipment
System Reliability Analyses

Mission, Function, & Human Requirements Analysis
Operating Strength
Attrition Rates
Simulation
Lessons Learned

Skill, Knowledge, & Aptitudes
Manning Concepts
Retention Rates
OP TEMPO
Environmental Considerations

Performance Assessments
 
Promotion Rates
Training System Evaluation
Protective Equipment

 
 
Training Flow
Training Development Plan
 

Tests and demonstrations of mission critical tasks can be accomplished through the use of an iterative design process whereby design engineers can study the implications of a succession of proposed designs by evaluating operator performance on prototypes of the system.  Operator/maintainer interfaces should be prototyped to develop or improve display/software and hardware interfaces, to achieve a design that results in the required effectiveness of human performance during system operation and maintenance, and to develop a design that makes economical demands upon personnel resources, skills, training and costs.  This prototype is then used to make inferences about the design of the interface as well as the underlying system functionality.  A rapid prototyping development effort should be used to encourage iterative design where many ideas can be tried, tested, and then easily changed and tested again.  The prototype should be used early in the system design process and should allow quick and easy changes to the interface concept being developed.  Any system which can adequately represent proposed interfaces as they would appear in the operational environment may be considered for use as a prototyping tool.  The prototyping activity should determine and develop the critical areas of interface functionality while supporting the following criteria:

1.
Represent the overall interaction style

2.
Demonstrate overall user interface definition and structure

3.
Represent critical aspects of the user interface

4.
Sufficiently represent user interface design in order to verify conformance to requirements and to detect severe problems.

1.2 -- Structure of the HFE CPAT

The Critical Process Assessment Tool (CPAT) concept was developed to help SMC System Program Office (SPO) personnel in understanding the functional processes critical to the performance of a program throughout each phase of the acquisition.  The CPATs help focus on the critical processes that must be performed within each acquisition phase to ensure that the space system delivered to the government will meet all mission and supportability requirements.

It is the intent of this document to assist the project officer in pre-contract activities such as preparing request for proposal objectives and source selection criteria as well as post-award surveillance of the events in the Integrated Master Plan (IMP).  The Human Factors CPAT is written such that the reader will be able to go to the level of detail needed to gain an understanding of the subject at hand and apply the information for whatever purpose necessary.

The general structure of this CPAT follows the logic flow shown in figure 1.3.  As an example, the “Critical Process Objectives (Section 2.2)” is arranged under the major headings of:  “Human Factors Management (FA 16.1.0)”, “Human Factors Engineering (FA 16.2.0)” and “Human Factors Operations (FA 16.3.0)” respectively.  The individual objectives then address each of the sub-elements:  “Human Factors Responsibility (CCA 16.1.1.1)”, “Integration/Liaison (CCA 9.1.1.2)” and so on.  Likewise, Section 3.0, “Detailed CPAT Criteria and Questions” follows the same format, with relevant factors/criteria and questions listed for each of the 16.X.X.X sub elements.  The reader may use the following figure as an index to find the required critical process and the level of detail required for the task at hand.
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1.2.1 -- How to Use the CPAT

This CPAT provides support for human factors engineering.  Other CPATs provide support in program management, logistics, systems engineering, risk management, and so on.  To use the CPATs, you should first review the separate CPAT Overview, the Program Management CPAT, and then the CPAT(s) in your area(s) of responsibility.  You should then merge the data from each CPAT in forming either your inputs to a RFP or the source selection standards or to frame questions to consider during either Tech Eval/Fact-finding or contract execution.  To prepare the proposal preparation instructions in Section L of the RFP, you (or your SPO or SPO cadre) should start with the Program Management CPAT and then merge in the instructions developed using this CPAT (and perhaps others).

The following table is a road map to this CPAT.

If you want support in the following:
Then do the following:

An overview of the human factors engineering critical process.
Read Sections 1.1 while referring to the Concepts & Terms in Appendix A for unfamiliar terms.  Then refer to the Applicable Documents listed in Appendix B.

Determine if human factors engineering is a critical process for an up-coming contract.
Human factors engineering is a critical process for all systems/item development, modification, or off-the-shelf acquisition since human factors requirements must be determined and verified.

Prepare the human factors engineering inputs for an RFP.
Review Section 1 for background.

•
To develop the Requirements Document, apply Section 2.1.

•
To develop human factors engineering objectives for incorporation into the overall RFP Statement of Objectives (SOO), tailor the objectives in subsection of 2.2 for the program phase you’re preparing for.

•
To define data deliverables that are pertinent to human factors engineering and are to be required by the RFP, apply Section 2.3.

•
To develop Proposal Preparation Instructions (PPI) pertinent to human factors engineering that will be merged with the starting point developed using the Program Management CPAT, apply Section 2.4.

•
To prepare human factors engineering inputs for a Glossary for incorporation as attachments to RFP Section J, see Appendix A.

•
To develop source selection criteria pertinent to human factors engineering for incorporating into the RFP Section M, apply the subsection of Section 2.4.5 and 2.4.6 for the program phase for which you’re preparing.

Prepare human factors engineering inputs to the source selection standards.
Tailor the standards in the subsection of Section 2.4.6 for the program phase for which you’re preparing.

Prepare for a non-competitive Technical Evaluation (Tech Eval) and Fact-Finding.
Apply the questions in the subsection of Section 3.1 as they apply to the program phase for which you’re preparing.

Maintain insight into the contractor’s progress in human factors engineering after contract award.
Apply the questions in the subsection of Section 3.1 as they apply to your program phase.

1.2.2 -- Concepts and Definitions

See Appendix A

1.2.3 -- Applicable Documents

See Appendix B

1.2.4 -- Additional Support

Additional support for Human Factors engineering is available from SMC/AX at (310) 363-1974 or DSN (833-1974).
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