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Structure of the Surface Warfare Program Manager’s Guide to HSI

The Surface Warfare Program Manager’s Guide to HSI is structured into three components, as follows:

· The Program Manager’s Guide Overview  (Volume 1), is intended for the Program Manager and the Executive Level of the Program Office, it presents a top level overview of HSI, and requirements for applying HSI in the context of four different types of surface warfare system acquisition strategies:

· Acquisition of a new system, following the process described in DoD 5000.2R.

· Evolutionary Acquisition, Modernization, and Post-Deployment Sustainment.

· Prototype to Production Acquisition.

· COTS NDI Acquisition .

· The Program Manager’s Guide Manual (Volume 2) is directed at the person in the Program Office who has been relegated the responsibility for implementing HSI in the acquisition of the surface warfare system.   This Manual has two components:

1) Descriptions of activities and associated guidelines for applying HSI in the acquisition of surface warfare systems for each of the four acquisition strategies listed above.

2) Criteria for evaluating HSI processes, products, and progress within each phase of surface warfare system acquisition, for each acquisition strategy. 

· The Program Manager’s Guide HSI Process (Volume 3) is a web-based interactive detailed depiction of the processes, process steps and associated requirements for applying HSI principles, methods, tools and data in each phase of the acquisition process for  each of the acquisition strategies listed above. It is intended for use by the HSI practitioner (Government or contractor) who will actually be applying HSI to the ship or ship system acquisition.  The HSI process in Volume 3 is a further definition of the processes described in Volume 2 but at a greater level of detail. 

· ACCESS  The entire Surface Warfare Program Manager’s Guide is available at:
http://www.carlow.com/pmg

user name:  user

password:  harry10

1.0 Human Systems Integration:  An Introduction
 The Navy Need
A major driver of weapon systems currently being acquired in the DoD is the need to reduce the total ownership costs (TOC) of these systems.  The largest single TOC component is the cost associated with selecting, training and supporting system personnel.  The need to significantly reduce the TOC of warfare systems results in  the mandate to reduce costs associated with manpower,  personnel and training for new systems as compared with predecessor systems. 
The Navy surface ship constitutes one of the most complex weapon systems in the US defense arsenal.  It is a multi-personnel system  conducting multiple operations in multi-warfare environments,  most often in harm’s way.  It can operate as an independent combatant,  member of a squadron, or as an element of a battle force.  The demands that the ship and ship systems place on the sailor  are unique in the breadth of their scope and the depth of their complexity. 

Surface ship systems employed in the fleet today, and those being designed for the fleet tomorrow,   make severe demands on the readiness, performance effectiveness and mental and physical capabilities of personnel who must man them.  These systems are complex and extremely demanding of sensory, motor and cognitive skills and decision-making capabilities of  these personnel.  Add the highly varied  capability of  the threat,  the need to conduct multi-warfare scenarios, and the need to integrate, coordinate and interpret information from multiple sources and it becomes evident that we are rapidly approaching the limits of human capacity and capability.

As ship systems are becoming more sophisticated and complex, the capability of ship personnel has been degraded.  The International Maritime Organization and the U.S. Coast Guard  in addition to the U.S. Navy have estimated that human error is the root cause of 80% of ship accidents.

The need is for an approach that will result in reducing the costs associated with manpower, personnel and training,  will reduce the potential for human error and resultant accidents,  and will improve the performance capability of sailors in ships and complex advanced technology systems of the future.  This approach is human systems integration.

 Human Systems Integration
Human systems integration  (HSI) is the Navy’s  systems engineering discipline that considers the human as critical component of the ship and is concerned with the integration of humans in ships and ship systems.  HSI technology includes the methods, models, hardware, software, firmware, courseware, information management techniques, operating procedures, documentation, system design features, and data for integrating the human into a ship and its associated systems.   HSI is predicated on the technological, behavioral, and tactical  opportunities associated  with:  (1) defining and designing for the roles of the human in complex systems;  (2) simulation and modeling  of crew workloads for manning reduction, and human-in-the-loop simulation for human performance enhancement;  (3)  reducing workloads and manning levels;  (4) knowledge generation to reduce information overload;  designing human-machine interfaces  through human-centered design;  (5) providing effective training and optimal training resources;   (6)  applying techniques for personnel management;  (7) improving quality of life at sea and ship’s habitability ; and (8) enhancing warfighter  situational awareness and tactical perspective.   

HSI integrates the aspects of a system acquisition which are concerned with human utilization, performance, and safety  into the acquisition strategy.  These include manpower (quantity and quality of personnel required),  personnel (requirements for recruiting, retaining, assigning, and supporting sailors throughout their Navy career),  training (techniques for providing needed knowledge, skills and abilities  to the sailor),   human factors engineering (design of human-machine interfaces in accordance with the requirements, capabilities and limitations of the human),  habitability (including concerns for quality of life),   personnel survivability (requirements for protection and safeguards,   and safety and  occupational health (requirements to reduce hazards).  These aspects of human involvement are the domains of HSI. The issues associated with  HSI domains are  depicted in table 1.  
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HSI Objectives

The primary and overarching  objective of  HSI is to influence ship system design with requirements for human performance,  human utilization, safety and accommodation. The way in which this is accomplished is through several initiatives: 

•
defining  HSI requirements  early in system acquisition; 

•
identifying the roles of humans in system operations and maintenance; 

•
collecting  human performance lessons learned in baseline comparison systems; 

•
conducting  simulation and prototyping early in development;

•
applying  human-centered design; 

•
applying  human-centered test and evaluation.  

Additional objectives of HSI are to:  (1) optimize manning on ships and surface warfare systems; (2) reduce the incidence and impact of human errors;  (3) enhance situational awareness and decision making of commanders;  (4) enhance ship space habitability and quality of life at sea; (5) enhance the maintainability of shipboard equipment;  (6) improve training and personnel management;  and (7) reduce shipboard accidents and mishaps.

2.0 Directives that Mandate Application of HSI

Both DoD 5000.2R and SECNAVINST 5000.2C (draft) require that the Program Manager maintain an HSI program throughout the life of the acquisition.   

 Requirements for HSI

DoD 5000.2R section C2.8.5 under system support requires that the PM shall pursue HSI initiatives   to optimize total system performance and minimize TOC.  The PM  shall integrate manpower, personnel, training, safety and occupational health,  habitability, human factors, and personnel survivability considerations into the acquisition process.  The support strategy shall identify responsibilities, describe the technical and management approach for meeting HSI requirements, and summarize major elements of the associated training system.

DoD 5000.2R, in section C5.2.3.5.9  requires the PM shall initiate a comprehensive strategy for HSI early in the acquisition process to minimize ownership costs and ensure that the system is built to accommodate the human performance characteristics of the user population that will operate, maintain, and support the system.   The PM shall work with the manpower, personnel, training, safety and occupational health, habitability, survivability, and human factors engineering (HFE) communities to translate the HSI thresholds and objectives in the ORD into quantifiable and measurable system requirements.  The PM shall include these requirements in specifications, the Test and Evaluation Master Plan (TEMP), and other program documentation, as appropriate, and use them to address HSI in the statement of work and contract.  The PM shall identify any HSI-related schedule or cost issues that could adversely impact program execution.

SECNAVINST 5000.2C states in 2.8 that the support strategy shall address human systems integration (HSI) requirements to ensure that personnel will receive necessary training and certifications prior to initial operational capability (IOC) and full operational capability (FOC).  See reference (a), paragraph 2.8, for implementation requirements for all DON programs.

SECNAVINST 5000.2C requires that the acquisition strategy (AS) describe how the system will meet the needs of the human operators, maintainers, and supporters.  This includes manpower, personnel, training, safety, occupational health, human factors engineering, habitability, and personnel survivability.  The AS shall describe how the program will meet HSI requirements and standards.  The AS will be coordinated with ASN(RD&A) CHENG for all ACAT I programs. 

SECNAVINST 5000.2C section 5.2.3.5.9 Human Systems Integration  Total life  cycle cost, including logistics support and human systems integration (HSI), must be demonstrated as representing the lowest cost of ownership to the DON.  Therefore, the PM shall  ensure that HSI costs (e.g., manpower, personnel, training  (MPT), human factors engineering, safety, occupational health and habitability) and impacts are adequately considered, weighted, and integrated with other engineering and logistics elements beginning at program initiation.  See paragraphs 5.2.3.5.9 and 5.2.3.5.10, for further implementation requirements for all DON programs.

 Manpower Requirements

DoD 5000 C2.8.5.1 The support strategy shall document the approach being used to provide the most efficient and cost effective mix of DoD manpower and contract support and identify any cost or schedule issues (e.g. uncompleted studies) that could impact the PM's ability to execute the program.  In all cases, PM’s should consult with the manpower community prior to contracting for operational support services to ensure that sufficient workload is retained in-house to adequately provide for military career progression, sea-to-shore or overseas rotation, and combat augmentation.   The Program Manager shall also ensure that inherently governmental and exempted commercial functions are not contracted.

DoD 5000 Life Cycle Resource Estimates: Manpower Considerations C4.5.4.1.1. For all programs regardless of acquisition category, DoD Components shall determine the source of support for all new, modified, and replacement systems based on the procedures, manpower mix criteria, and risk assessment instructions in Deputy Under Secretary of Defense (Program Integration), Office of the Under Secretary of Defense (Personnel & Readiness) (OUSD (P&R)), and Deputy Under Secretary of Defense (Installations), Office of USD (AT&L) annual memo, "DoD Inventory of Commercial and Inherently Governmental Activities Data Call." They shall consider the advantages of converting from one source to another (military, civilian, or private contract)  and the use of inter-service and intra-governmental support (DoD Instruction 4000.19). The DoD Components shall competitively source support functions in accordance with DoD Directive 4100.15  and DoD Instruction 4100.33.

DoD 5000 Life Cycle Cost Estimates (LCCE):   Manpower Considerations  C4.5.4.1.2. The DoD Components shall determine manpower and contract support based on both peacetime and wartime requirements, and establish manpower authorizations at the minimum necessary to achieve specific vital objectives (DoD Directive 1100.4 .  As part of this process, the DoD Components shall assess the risks (DoD Instruction 3020.37 (reference involved in contracting support for critical functions in-theater, or in other areas expecting hostile fire. Risk mitigation shall take precedence over cost savings in high-risk situations or when there are highly sensitive intelligence or security concerns.

DoD 5000 C4.5.4.2. Manpower Estimate 7 C4.5.4.2.1. The manpower estimate for ACAT I programs shall outline the DoD Component’s official manpower position, and address whether the system is affordable from a military end-strength and civilian full-time equivalent (FTE) perspective. The DOD Component shall base manpower numbers on the level of system performance (e.g., reliability and maintainability) most likely to be achieved.

DoD 5000 C4.5.4.2.2. The estimate shall report the total number of manpower requirements and authorizations needed to operate, maintain, support, and provide training for the system upon full operational deployment. It shall report the number of military (officer, warrant officer, and enlisted), DoD civilian manpower, and contract work-years for each fiscal year of the program, beginning with initial fielding and ending with system retirement/disposal. It shall indicate if there are any resource shortfalls in any fiscal year covered by the report. It shall state whether any increases in military end strengths or civilian FTEs (beyond what is included in the FYDP) or whether waiver(s) to existing manpower constraints is/are required to support full operational   

DoD 5000 Systems Engineering C5.2.3.5.9.3. Manpower Initiatives. The PM shall work with manpower and functional representatives to identify workload intensive tasks, process improvements, design options, or other initiatives to reduce manpower, improve the efficiency or effectiveness of support services, or enhance the cross-functional integration of support activities.

SECNAVINST  5000.2C,  2.8.5.1 Manpower.  Summarize the processes and methodologies used to determine the system manpower.  The strategy for developing, acquiring, and delivering the required manpower shall summarized.

SECNAVINST  5000.2C,  4.5.4.1 Manpower Considerations  The PM shall determine and document manpower by rate and rating for both peacetime and wartime requirements.  The PM shall further identify specific vital objectives, and establish manpower authorization minimums necessary to achieve these objectives.  

SECNAVINST  5000.2C,  4.5.4.2 Manpower Estimates (MEs) -  MEs are required by statute for ACAT I programs.  DON MEs  shall be approved by CNO (N12)/CMC (Deputy Commandant, Manpower and Reserve Affairs (DC,M&RA)).  In addition, manpower estimates shall be required for all ACAT programs, including ACAT IA programs. 

SECNAVINST  5000.2C, 5.2.3.5.9.3 Manpower Initiatives - Individual system and platform manpower requirements shall be developed in close collaboration with related systems throughout the acquisition process to identify commonalities, merge requirements and avoid duplication.  Based on the functional analysis conducted in the top down functional analysis, an assessment will be conducted to determine the extent to which functions should be automated, eliminated, consolidated, or simplified.    

 Personnel Requirements

Once the manpower estimates are derived, the personnel requirements must be developed.  The personnel  element of HSI is defined as the qualitative attributes of the manpower requirements.  Factors include the knowledge, skills, and abilities, rating structures, physical constraints, and personnel management policies needed to execute required tasks.

DOD 5000 Support Strategy  C2.8.5.2. Personnel. The PM shall summarize major personnel initiatives that are necessary to achieve readiness or rotation objectives or reduce manpower or training costs. The support strategy shall address modifications to the knowledge, skills, and abilities of military occupational specialties for system operators, maintainers, or support personnel if the modifications have cost or schedule issues that could adversely impact program execution. The support strategy shall also address actions to combine, modify, or establish new military occupational specialties or additional skill indicators, or issues relating to hard-to-fill occupations if they impact the PM’s ability to execute the program.

DoD 5000 Systems Engineering C5.2.3.5.9.4. Personnel Initiatives. The PM shall work with the personnel community and consider current personnel policy and recruitment trends when defining the human performance characteristics of the user population. To the extent possible, systems shall not require special cognitive, physical, or sensory skills beyond that found in the specified user population.

SECNAVINST  5000.2C,  2.8.5.2 Personnel.  Summarize the knowledge, skills, and abilities required by operators, maintainers, and support personnel.

SECNAVINST  5000.2C,  5.2.3.5.9.4 Personnel Initiatives  Individual system, platform and mission area personnel requirements shall be developed in close collaboration with related systems and mission areas throughout the acquisition process to identify commonalities, merge requirements and avoid duplication.  The PM shall take advantage of other system and mission area personnel initiatives that resulted in applicable personnel advantages.

 Training Requirements

Analysis shall determine if personnel with the appropriate knowledge, skills, and abilities are predicted to be available throughout the life cycle; the cognitive, physical and sensory characteristics of the available personnel; the safety features required of the system; and the training required for such personnel.  

Training is the definition of instruction, education, and on the job or team training necessary to provide humans and teams with knowledge and job skills needed to support the system life cycle processes at the specified levels of performance. This includes the tools, devices (including embedded training systems), training simulators, techniques, procedures, and training materials and technical manuals to be developed and employed to provide training for all required tasks.

DOD 5000 Support Strategy – Training C2.8.5.3.1. The PM shall summarize major elements of the training system described in DoD Directive 1430.13 (reference (v)), in the support strategy, and identify training initiatives that enhance the user’s capabilities, improve readiness, or reduce individual and collective training costs.   Planned training shall maximize the use of new learning techniques, simulation technology, embedded training, and instrumentation systems to provide anytime, anyplace training that reduces the demand on the training establishment and reduces TOC. The PM shall work with the training community to develop options for individual, collective, and joint training for the personnel who will operate, maintain, support, and provide training for the system. C2.8.5.3.2. For non-IT, including non-NSS, interoperability training issues, and for IT, including NSS, interoperability issues not addressed in the C4ISP (see section C6.4. and Appendix 5), the acquisition strategy shall include a description of interoperability requirements necessary to support unit and joint training architectures. For those programs that require training infrastructure modifications, the PM shall identify technical, schedule, and funding issues that impact execution.

DoD 5000 Systems Engineering C5.2.3.5.9.5. Training. As platform functions become increasingly automated, HSI shall match the cognitive processes of the operators and maintainers to the information processes of the platform. Training subsystems, including training aids, devices, simulations, and simulators (commonly known as “TADSS”) and embedded training capability (where appropriate), shall evolve from being separate support functions into being an integral part of the platform’s information architecture. The PM shall consider design options and emerging training technologies that can improve the users' performance and readiness, and reduce individual, collective, and joint training costs. The PM shall maximize simulation-supported embedded training. Training systems shall fully support and mirror the interoperability of the operational system. The PM shall base training decisions on training effectiveness evaluations (see DoD Directive 1430.13 ). The PM shall document manpower and training requirements as soon as possible after program initiation.

SECNAVINST  5000.2C,  2.8.5.3 Training.  The PM will summarize the training philosophy and approach.

SECNAVINST  5000.2C,  5.2.3.5.9.5 Training  A Navy Training Systems Plan shall be prepared as a program plan in accordance with  paragraph 7.15.1 during Phase B, System Development and Demonstration, and updated as appropriate throughout a system’s life-cycle.

Human Factors Engineering Requirements

Human factors engineering is defined as the application of human performance principles, models, measurements, and techniques to systems design. The goal of human factors engineering is to optimize systems performance by taking human physical and cognitive capabilities and limitations into consideration during design.  Since the primary objective of HSI is to influence design with requirements for human performance, utilization, safety and accommodation, human factors engineering, as the HSI component concerned with design, must take the lead in achieving this objective.

DoD 5000 Support Strategy C2.8.5.5. Human Factors Engineering (HFE). The PM shall summarize steps being taken (e.g., contract deliverables or government/contractor IPT teams) to ensure the proper employment of HFE/cognitive engineering during systems engineering (see paragraph C5.2.3.5.9.1.) to provide for effective human-machine interfaces, meet HSI requirements, and (as appropriate) support a family-of-systems acquisition approach.

DoD 5000 Systems Engineering C5.2.3.5.9.1 The PM shall employ HFE during systems engineering (to include function allocation) to provide for effective human-machine interfaces. Where practicable and cost effective, design efforts shall seek to reduce manpower and training requirements. Design efforts shall minimize or eliminate system characteristics that require excessive cognitive, physical, or sensory skills; require extensive training or workload-intensive tasks; result in mission-critical errors; or produce safety or health hazards.

DoD 5000 C5.3.7. Accessibility Requirements. PMs shall ensure that, where appropriate, system development includes accessibility requirements as outlined in Section 508 of the Rehabilitation Act of 1973 (29 U.S.C. 794d.  All electronic and information technology, including telecommunications, software, hardware, web sites, printers, fax machines, copiers, and information kiosks, where appropriate, shall include requirements to ensure people with disabilities are able to use the system and have access to the information or data.

SECNAVINST  5000.2C,
2.8.5.5 
Human Factors Engineering (HFE).  Summarize how the system addresses the cognitive, sensory, and physical needs of the human operators.  The approach for human-centered design initiatives shall be summarized.

SECNAVINST  5000.2C,
 5.2.3.5.9.1 Human Factors Engineering (HFE)  The HFE principles of top down functional analysis and Human Centered Design (HCD) shall be applied throughout the acquisition process to achieve MPT and habitability requirements, as well as mitigate safety and health hazard issues.  It shall encompass the analysis and allocation of functions and technology requirements to support functional allocation concepts, and modeling and simulation to further develop and evaluate alternative concepts for addressing human roles, responsibilities and requirement in system performance.  An acquisition, design, or development approach shall consider system integration as one of the initial steps in design.  Human involvement should be justified through a top-down function and task analysis that can be used as a basis to make human-machine allocation decisions.  In this way it is possible to eliminate redundancy, optimize task allocation and information flow, and ensure an efficient and cost-effective process throughout the system.  The HFE considerations for system design will extend to job procedures, job aids, and decision support systems.  The HFE effort will also emphasize design activities required to ensure quality of service, including qual
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SECNAVINST  5000.2C,

5.3.7 Accessibility Requirements  National security systems (NSSs) as defined by Section 5142 of the Clinger-Cohen Act of 1996 (40 USC 1452) are exempt from the accessibility requirements of Section 508 of the Rehabilitation Act of 1973 (see 29 USC 794d(a)(5)) as amended by the FY 2001 Appropriation for Military Construction (see Public Law 106-246) 
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 Habitability and Personnel Survivability

Requirements must be set for the physical environment and, if appropriate, essential personnel services (e.g., medical and mess) and minimum living conditions nto basic, traditional and work areas. Basic issues are defined as pay and compensation, medical care and housing. Traditional issues involve family services, childcare, education, recreation, and exchange/ commissary benefits. Work issues are shipboard living, training, work environment and workload. Leadership issues affect the entire QOL spectrum.

DoD 5000 Support Strategy  C2.8.5.4. Personnel Survivability and Habitability.  For systems with missions that might expose it to combat threats, the PM shall address personnel survivability issues including protection against fratricide, detection, and instantaneous, cumulative, and residual nuclear, biological, and chemical effects; the integrity of the crew compartment; and provisions for rapid egress when the system is severely damaged or destroyed. If the system or program has been designated by DOT&E foD 5000 Support Strategy  

DoD 5000 Systems Engineering C5.2.3.5.9.2. Habitability and Personnel Survivability. The PM shall work with habitability and survivability representatives (see subparagraphs C2.8.5.4. and C5.2.3.5.12.) to set requirements for the physical environment and, if appropriate, essential personnel services (e.g., medical and mess support services) that are necessary for meeting and sustaining system performance, avoiding personnel retention problems, and maintaining quality of life. minimDoD 5000 Systems Engineering C5.2.3.5.9.2. Habitability and Personnel Survivability. The PM shall work with habitability and survivability representatives (see subparagraphs C2.8.5.4. and C5.2.3.5.12.) to set requirements for the physical environment and, if appropriate, essential personnel services (e.g., medical and messstand man-made hostile environments without the crew suffering acute chronic illness, disability, or death.

DoD 5000 Systems Engineering – Survivability C5.2.3.5.12.1. The PM shall fully assess system and crew survivability against all anticipated threats at all levels of conflict, early in the program, but in no case later than entering system demonstration or equivalent. This assessment shall also consider fratricide and detection. If the system or program has been designated by DOT&E, for LFT&E oversightstand man-made hostile environments without the crew suffering acute chronic illness, disability, or death.

DoD 5000 Systems Engineering – Survivability C5.2.3.5.12.1. The PM shall fully assess system and crew survivabiliSECNAVINST  5000.2C,ty against all anticipated threats at all levels of conflict, early in the program, but in no case later than entering system demonstration or equivalent. This assessment shall also consider fratricide and detection. If the system or program has been designated by DOT&E, for LFT&E oversightisk reduction and mitigation efforts shall be summarized.

SECNAVINST  5000.2C,  5.2.3.5.9.2 Habitability and Personnel Survivability  The PM shall place a high priority on the habitability and survivability requirements set for the physical environment.  The habitability standards in reference (l) shall be met for all ship programs.  Where these standards cannot be achieved, a waiver shall be requested.  Waivers shall be reviewed and approved by CNO (N4) and CNO (N1), or their designee.  

SECNAVINST  5000.2C,  5.2.3.5.9.2 Habitability and Personnisk reduction and mitigation efforts shall be summarized.

SECNAVINST  5000.2C,   5.2.3.5.9.2 Habitability and Personnel Survivability  The PM shall place a high priority on the habitability and survivability requirements set for the physical environment.  The habitability standards in reference (l) shall be met for all ship programs. 

SECNAVINST  5000.2C,  5.2.3.5.9.2 Habitability and Personnsignificant risks of death, injury, or acute chronic illness, disability, and/or reduce job performance of personnel who operate, maintain, or support the system.

 Safety and Occupational Health Requirements

DoD 5000 Support Strategy C2.8.6. Environment, Safety, and Occupational Health (ESOH) Considerations.  As part of risk reduction, the PM shall prevent ESOH hazards, where possible, and shall manage ESOH hazards where they cannot be avoided. The support strategy shall contain a summary of the Programmatic ESOH Evaluation (PESHE) document, including require contractors to use the industry and DoD standard practice for system safety, consistent with mission requirements. This standard practice manages risks encountered in the acquisition life cycle of systems, subsystems, equipment, and facilities. These risks include conditions that create significant risks of death, injury, acute/chronic illness, disability, and/or reduced job performance of personnel who produce, test, operate, maintain, support, or dispose of the system.

SECNAVINST  5000.2C,  5.2.3.5.10.6  Safety and Health The PM shall identify and evaluate safety and health hazards, define risk levels, and establish a program that manages the probability and severity of all hazards associated with development, use, and disposal of the system. The PM shall use and require contractors to use the industry and DoD standard practice for system safety, consistent with mission requirements.  This standard practice manages risks encountered in the acquisition life cycle of systems, subsystems, equipment, and facilities. These risks include conditions that create significant risks of death, injury, acute/chronic illness, disability, and/or reduced job performance of personnel who produce, test, operate, maintain, support, or dispose of the system.

3.0 HSI Issues in Surface Warfare System Acquisition

HSI issues are described for:  optimal manning, top down requirements analysis, human performance and automation, human centered design, training systems,  quality of service,  HSI as a KPP,  the Performance-Based Business Environment, and HSI in system acquisition.

 Optimal Manning   

Optimal manning is defined as the minimum number of personnel required to conduct the mission consistent with human performance, workload, and safety requirements, and affordability, risk, and reliability constraints. 

 Top Down Requirements Analysis

TDRA represents the front-end of the HSI Process.  The TDRA activities represent an adaptation of the classical front-end analysis which has always been a pillar of the human factors engineering discipline, and which has been described in MIL-HDBK-46855, MIL-HDBK-763, and the DoD Acquisition Deskbook.  In addressing approaches to optimize system manning, simply automating system functions will not provide the warfighter with what is needed to monitor, plan, react, understand, maintain situation awareness, supervise, make decisions, make judgments, and modify plans due to changes in the tactical situation.  The only viable approach to optimal manning and effective system performance is to develop a system where human and machine synergistically and interactively cooperate to conduct the mission, and where the automated system supports human performance with decision aiding, predictive what-if simulation, and information integration, data fusion, and knowledge generation. 

The critical demand in this HSI approach is to understand the complementary and collaborative roles of human and machine in the performance of system functions, and how those roles may change in response to human workload, human availability, and mission changes.  That can only be achieved through a Top Down Requirements Analysis which considers the roles and requirements for human and machine performance in each function associated with selected mission scenarios, and defines the information, decision, and performance requirements of the associated acquisition strategy.

The overall thrust of HSI in military system acquisition is to address how to optimize ship manning and human workloads (resulting in reduced ship life cycle costs) while at the same time enhancing the performance and safety of the system warfighter.  To accomplish this, HSI must define the complete range of requirements for human involvement, human utilization, human performance,  human safety, and human accommodation from the earliest stages of smilitary system development.  TDRA represents a systems engineering approach to specifying the concerns for the human in ship systems. 

The objective of the TDRA is to provide the analyzed requirements, allocation concepts, workload estimates, human task models, system metrics, and manning models necessary for influencing design with human requirements and considerations. Just as HSI is a systems engineering discipline, TDRA is a systems engineering application.  As such, TDRA is requirements-driven, and is focused on defining system interfaces.  

In terms of requirements, TDRA is concerned with  identifying, analyzing and integrating requirements for missions, system functions, human involvement in the performance of functions, and training, personnel systems, safety and health, and quality of life.  These requirements lead ultimately to development of design requirements for human-machine interfaces and human-automation interaction, manpower, personnel and training, safety and health, and quality of life implementations.  In terms of a concern for systems interfaces, the scope of TDRA includes the interfaces between the human and other system elements (hardware, software, information, procedures, communications, organizations, and environments). 

The TDRA comprises the basis for a disciplined development of innovative, revolutionary design concepts.  The TDRA is the initial step in a formalized HSI Process and is an adaptation of the human engineering front-end analysis.  

It is human-centered in that it focuses on roles and requirements of humans, defines design concepts in terms of human performance, safety and workload requirements, results in design approaches for human-machine interfaces, and establishes manpower, personnel and training approaches.  

It is knowledge-based in that it relies on concepts based on mission, function and system requirements, and in that it is concerned with generation and processing of knowledge as well as information.  

Finally, as applied in the early phases of acquisition of a radically new system concept, as in the case of the DD 21, it relies on extensive application of modeling and simulation,  for requirements definition, concept development, design assessment, traing effectiveness evaluation, and human performance verification.

 Human Performance and Automation   

The major technique for achieving required  levels of manning reduction is through the application of advanced technology, specifically technology that incorporates  increased  application of automation. 

In automating operations on future ships that are currently performed by humans,  a major challenge is the extent to which  automation fails to solve the problems on existing ships, or where it causes additional problems on the ships of the future.  The commercial aviation industry, in its attempt to expand the level of automation on advanced flight decks, has reported that automation does not always meet human performance objectives.  In applying automation to a complex system such as a commercial airliner or a Navy ship,  application of automation technology should meet three important objectives:  (1) the automation should reduce human workload;  (2) the automation should reduce the potential for human error; and (3) the automation should enhance situation awareness. 

Workload Reduction  Concerning the impact of automation on human workload, the defined role of automation in the reduction of ship manpower is to reduce human workloads associated with performance of  ship functions, thereby reducing the number of crew members required to perform the functions.  In ship engineering circles there is an increasingly prevalent attitude that automation leads naturally to workload reduction, and consequently to manning reduction, and that required magnitudes of manpower reduction will be achieved in a straightforward manner  by simply increasing the level of automation.  However, as stated above,  the conclusion reached by the commercial aviation industry  was that cockpit automation as currently implemented generally does not result in reduced crew workload since, while manual tasks may be declining, demands for monitoring and subsequent mental workload have increased.  Thus while physical workload may be reduced with increased automation, the automation results in significant increases in cognitive workload .  

Human Error Reduction  Human error is a major concern on a ship.  The Navy Safety Center, the U.S. Coast Guard, and the International  Maritime Organization have all independently recently reported that the proportion of ship accidents that are directly due to human error is of the order of 80%.  A reported  anticipated benefit of automation is a reduction in human error.  However, operational experience and empirical research have proven otherwise.  Instead of reducing the overall amount of errors, automation provides new opportunities for different kinds of errors.  A case in point is the confusion of system modes reported in conjunction with the automation of aircraft flight decks. In studies of mode error in “glass cockpit” aircraft  it has been reported that 55% of pilots state that they are still experiencing automation surprises, defined as situations where the human’s expectations are not supported by the behavior of the automation, and where the human asks questions such as, what is it (the automated system) doing now, why is it doing that, and what is it going to do next? 

Situation Awareness Enhancement A third expected result of increased automation is enhancement of situation awareness.  When the human is required to process large volumes of information, integrating information from multiple sources, and making decisions based on the assessment of the situation, it has been expected that increased automation would facilitate the process, making situation awareness more accurate and timely.  To enable the human to correctly assess the tactical situation under tight time constraints, and with limited human resources to allocate to the problem,  he or she must be provided with knowledge, as opposed to information and data.  Information consists of data which have been validated, and which are judged to be relevant to a particular situation. Knowledge on the other hand consists of information that has been integrated, synthesized, prioritized, and structured to allow the generation of principles, insights, and a clear, complete, unconfused and coherent picture of the situation.  It has been expected that automation would have facilitated the maintenance of situation awareness by performing the fusion, integration, synthesis, and structuring of information into knowledge currently performed  by the cognitive processes of the human.  Again, this has not been the case, due largely to the fact that, with automation, as currently implemented, does not effectively convey knowledge to the human, and that it requires the human to also maintain awareness over what the automation is doing.  

The failure of automation to reduce workloads, reduce human errors, and enhance situation awareness  results  not from automation as such, but rather from the manner in which it is implemented.  Automation will reach its full potential in enhancing human performance, and reducing ship’s manning, when the requirements for human performance are addressed in the design of automation.  This approach to automation design has been designated human-centered automation (HCA). 

 Human-Centered Design           

Human-centered design represents the application of human factors engineering to the design of system human-machine interfaces.   Human-machine interfaces are the system elements that integrate the human with hardware, software, firmware, courseware, information, environments, organizations, and other humans.  The classes of human-machine interfaces included in human-centered design include:  

· functional interfaces (system functions and tasks and human roles in performance of functions and tasks); 

· informational interfaces (information  needed to conduct system functions and tasks, and characteristics of the information such as source, update rate, format, accuracy limits, etc.);  

· environmental interfaces (elements of the natural and artifact environments,  techniques for controlling environmental factors, and elements of facilities); 

· cooperational interfaces (provisions for team performance, cooperation, collaboration, and communication); 

· organizational interfaces (job design, management structure, command authority);  

· operational interfaces (procedures, documentation, workloads, job aids); 

· cognitive interfaces (decision rules, decision support systems, provisions for maintaining situation awareness, provisions for knowledge generation, memory aids);  

· physical interfaces (controls, displays, workstations, accesses, labels and markings, structures, steps and ladders, handholds, maintenance provisions, etc.). 

The goal of the human-centered design approach is to produce a design concept for the system human-system interface which enhances human reliability (reduces the potential for human error and accident) and which ensures that the human in the system performs as required.  In developing design concepts, HSI views the human as an integral component of the system to be interfaced with the other elements of the system. The body of knowledge of HSI encompasses knowledge of human capabilities and limitations, and principles and data addressing the application of this knowledge.

HSI methods for reducing human errors include a) the imposition of human factors engineering and safety design standards, b) the reliance on test and evaluation procedures, and c) investigation of critical incidents to understand the dynamics and etiology of human error.  Data on the effectiveness of HSI application report a reduction in the incidence of human error by from 50% to 75%. 

 HSI for Training Systems      

According to the DoD Acquisition  Deskbook, training encompasses the learning process by which personnel (individually or collectively) acquire or enhance predetermined and job relevant skills, knowledge, or attitudes. The "training/instructional system" integrates resources, training concepts and strategies, and all necessary elements of logistic support to satisfy personnel performance levels required to operate and maintain defense systems. It includes the "tools" used to provide learning experiences such as computer based and interactive courseware, simulators, and actual equipment (including embedded training systems on actual equipment).

In development of training systems, emphasis should be given to including advancements in training technology, such as knowledge-based or expert systems, intelligent tutors, virtual environments, and embedding training capabilities within actual defense systems, to enhance the user’s capabilities, improve readiness, and reduce individual and collective training costs over the life of the system. For instance, interactive electronic technical data (i.e. electronic manuals and procedures)  provide a training forum that can significantly reduce schoolhouse training and skill level requirements for maintenance personnel while actually improving their capability to maintain an operational system.  An on-board "just-in-time mission rehearsal capability" supported by the latest intelligence information or an integrated global training system/network that allows team training and participation in large scale mission rehearsal exercises can be used to improve readiness.

Careful consideration and priority should be given to the use of embedded training (e.g., a training program contained as a tutorial and as a dynamic simulation in an operational radar). Analysis should be conducted to compare the embedded training with other more traditional training media (e.g., simulator based training, traditional classroom instruction, and/or maneuver training). The analysis should compare the costs and the impact of embedded training (e.g., additional unit maintenance workload). It should also compare the learning time and level of effectiveness (e.g., higher "kill" rates and improved maintenance times) achieved by embedded training. When making decisions about whether to rely exclusively on embedded training, analysis must be conducted to determine the timely availability of new equipment to all categories of trainees (e.g., Reserve and Active Component units or individual members).  In every case, the paramount goal of the training/instructional system must be to develop and sustain a ready, well trained unit while giving strong consideration to options that reduce life cycle costs.

 Quality of Service  

In describing his priority for quality of service, the CNO stated that the goal is to be  a Navy that holds the quality of service for our sailors and their families as a top priority in carrying out our mission.  This involves fostering innovation and support technologies that will enable our people to do their jobs more efficiently and effectively.

Quality of service includes quality of work and quality of life.  Quality of work  includes enhancing work satisfaction, job enrichment, and personnel productivity through electronic documentation;  decision support systems;  on-line help;  automated office systems;  labor saving initiatives; and on-line human performance assessment.

Quality of life includes provisions for ensuring fitness for duty of naval personnel, and providing a living environment which reduces physical and psychological stress.  Fitness for duty involves ensuring that naval personnel are sufficiently qualified, attentive, rested, alert,  vigilant, motivated, informed, and unimpaired.  

Techniques for improving quality of life emphasize the quality of support services and facilities afforded the crew with respect to habitability, medical care,  administrative and personal support, environment control, personal safety, cultural and educational opportunities, and physical security,  to achieve the objective of reduced  life cycle cost with improved crew performance, productivity, and safety.  Major areas for consideration in improving quality of life include:  improved hotel services, including improved privacy, berthing and food service; improved human-machine interfaces and training provisions; improved ship-shore electronic interface; and improved career progression.

 HSI in Evolutionary Acquisition and Spiral Development
Evolutionary acquisition and spiral development are methods that will allow the Navy to reduce acquisition cycle and speed capability to warfighters.  These approaches are based on developing and fielding mature technologies for both hardware and software in manageable sized pieces.  Evolutionary acquisition and spiral development also allow insertion of new technologies and capabilities over time.  Therefore, these approaches provide the best means of getting advanced technologies to the warfighter quickly.

Therefore,  the Navy will provide sub-optimum systems to warfighters quickly, which will be improvements over legacy systems, and which will be improved over time. The implications of this approach is that human performance capability must be emphasized and optimized for the initial version of the system, and continually for each subsequent version. In order to realize the full value of the system at each iteration, it must be assured that the warfighter will be fully capable of performing all tasks required to operate, maintain, support and sustain the system. Therefore, application of human engineering principles, methods, tools and data to system development at each iteration is essential to realize the system's full potential for meeting the mission, and for seamlessly integrating new and superior technology to improve system capability over time. Essentially, human engineering is more important for systems procured under a spiral acquisition strategy than for the conventional acquisition approach. While system performance is improving over time, human performance must be optimized from the initial system implementation through each iteration, even while the hardware and software, and human-machine interfaces, are changing.

HSI as a Key Performance Parameter (KPP)   

To the extent that human performance and safety,  quality of service,  and manpower, personnel and training are important considerations in meeting the overall system mission goals, HSI should be considered as a KPP.

KPP  requirements (values)  shall be expressed in terms of objectives and thresholds.

An objective is a value beyond the threshold that could potentially have a measurable, beneficial impact on capability or operations and support above that provided by the threshold value (e.g., additional range that might reduce the number of refueling systems required or improve survivability by being able to avoid additional enemy defenses). Objectives in the ORD shall consider the results of the analysis of alternatives and the impact of affordability constraints.

A threshold is the minimum acceptable value for a parameter which, in the user's judgment, is necessary to provide a capability that shall satisfy the mission need.

To establish HSI as a KPP, the PM  must identify the areas where  HSI elements are critical for systems performance and mission success, and will establish objectives and thresholds as in the following examples:  

Manpower  - the absolute minimum level  of manpower consistent with human performance and safety,  human reliability, affordability, and risk (objective);  the level of manning which will meet human performance,  human safety, and human reliability requirements (threshold);

Human performance  -  the human will  be capable of performing required tasks to the required accuracy, in the required time,  99% of the time (objective), 95% of the time (threshold);

Operator performance   -  operators shall maintain accurate  situation awareness 99% of the time (objective);  95% of the time (threshold);

Maintainer performance   -  time to access items to be maintained shall not exceed X hours from time of fault isolation  (objective);   X+Y  hours from time of fault isolation  (threshold);   

Human reliability  - human errors will not occur with a frequency less than 99.999% of the time (objective); with a frequency less than 99.99% of the time (threshold);

Training  effectiveness - trainees will acquire and retain  needed skills  associated with 99% of training objectives (objective);  90% of training objectives (threshold);

Training  content  -  the training system will address 99% of the human performance requirements identified by the human performance analysis;  threshold is 90%;
Safety  -  lost time accidents will not occur with a frequency  of less that 99% of the time (objective);  95% of the time (threshold);

Health  -  ergonomic injuries will not occur with a frequency  of less that 99% of the time (objective);  95% of the time (threshold).

HSI and the Performance Based Business Environment

DoD 5000.2R requires that the DoD shall use performance specifications (i.e., DoD performance specifications, commercial item descriptions, and performance-based non-government standards) when purchasing new systems,  major modifications,  upgrades to current systems, and commercial and non-developmental items for programs in all acquisition categories.   The DoD shall emphasize conversion to performance specifications for re-procurements of existing systems at the subsystems level; and for components, spares, and services, where supported by a business case analysis; for programs in all acquisition categories.

Implementing Performance  Specifications   Human performance requirements can be addressed in terms of classes of human interfaces (functional,  organizational,  informational,  environmental,  operational, cooperational,  cognitive,  and physical).   For each of these classes of interfaces,  human performance dimensions can be identified,  as well as human performance objectives,  and finally human performance metrics. 

From a HSI perspective, human performance must be a critical element  of the PBBE.  The essence of PBBE is performance, at the system level, and at the level of the individual or team of managers, developers, testers, manufacturers, and sailors.   According to DoD 5000.2R, the systems that benefit from a PBBE include highly interoperable systems, high tech/high cost systems, high return on investment systems, systems requiring a high degree of logistics readiness and/or technology insertion opportunity, and/or systems with a high TOC and/or a long predicted life.  In all of these classes of systems, human performance is likely to be a major challenge.  Human performance concerns cannot be met simply by training systems personnel after the system is designed, developed, and delivered.  Rather, concerns for human performance must influence design, must be addressed early in the acquisition process,  and must be reflected in the design of the human-machine interfaces that enable and support human performance in system operations and maintenance.

 HSI Plan (HSIP)

The HSI Plan (HSIP) is the Navy's management document which ensures that HSI issues are addressed and HSI is implemented  as early as possible and throughout the system acquisition process to affect the design, affordability, and supportability of the system from a HSI perspective. The HSIP is the cornerstone of the Navy's HSI effort and possesses the following characteristics: 1) it is a dynamic document in that it is updated as required as the acquisition process progresses and as new data are available. The HSIP is used to key the performance of all HSI events.  2) the HSIP is also a planning and management guide which ensures that HSI issues are addressed throughout the system's life cycle. It provides a system management approach for identifying and addressing HSI issues ad concerns and those data bases and analyses which will potentially provide answers for these issues. 3) the HSIP identifies data sources and documents the results of analyses and tradeoffs conducted.  4) the HSIP provides  an audit trail in that it documents data sources, analyses, activities, tradeoffs, and decisions made in each acquisition phase, and identifies when products and events were completed. and 5) the HSIP is a stand alone  document which serves as the single source of what data are required, when are the data required, who is responsible for the data, and what is the strategy for collecting these data. The HSIP:

· identifies critical human system factors that have a significant impact on readiness, life-cycle cost, schedule, or performance.  It should include potential cost, schedule and design risks and trade-offs which concern human system integration factors and plans to manage and reduce program risks.

· discusses the manpower impact of the new system as compared to its predecessor or comparable system(s) and states the sources of the manpower resources for the new system.

· discusses requirements for new occupational specialties, requirements for high quality personnel or "hard-to-fill" military and civilian occupations, and how these personnel requirements will be met.

· describes how human factors engineering will be applied to the system design effort.

· summarizes how safety and health hazard lessons learned are being applied to the new system.

· addresses the training requirements and effectiveness of the new training system.  It should include requirements for new or additional training resources and identifies critical points in the training schedule.

· discusses the impact fielding the new system will have on unit readiness and if the training base is adequate to meet surge and mobilization requirements.

Specific sections of an HSIP are as follows:

· Executive Summary - an overview of the HSI strategy and a description of the highlights of the HSIP. It describes the purpose of the HSIP and the roles and responsibilities of the HSI Working Group. It describes major analyses to be conducted, innovative uses of existing data sources, major responsibilities of the players, description of the initial operational capability (IOC), and if the HSIP will be maintained throughout the acquisition process.

· 1.0 Introduction - Contains a discussion of the objectives and scope of the HSIP and  background information concerning the system (e.g. specific direction from the responsible organization concerning HSI considerations). It should also introduce the HSIP briefly,  describing what is contained in the body of the plan, and what is in each of the TABs.

· 2.0 System Description -  including descriptions of the system itself, missions to be performed, operational environments, materiel deficiencies in the predecessor system, design versions or alternatives, and essential total system (human-in-the-loop) performance characteristics and techniques for integrating human into the system.  

· 3.0 HSI Strategy, including objectives, measures of effectiveness, analyses to be conducted and data availability constraints,  and composition of the HSI Working Group, 

· 4.0 HSI Concerns - any issues or areas of concern that have HSI implications which are issues to watch during the development. Concerns are identified for each HSI domain as well as for integrated HSI. The issues include design issues, readiness issues, test and evaluation issues, and affordability issues. 

· 5.0 HSI Tasks and Products - a tailored listing of all HSI activities and products appropriate for each acquisition phase. 

· 6.0 HSIP Review Process

A checklist for evaluation of the HSIP is contained in Appendix A.

 HSI in Systems Acquisition

The beginning of the 21st century is witnessing  radical changes in the way naval warfare is being conducted.  These changes extend to new ways of waging war, including use of joint, highly coordinated, quick response operations, and the associated need for information warfare and network-centric, open architecture, distributed combat systems.  Changes in modern warfighting also include new threats, involving aggressive actions of smaller, dispersed,  highly mobile and lethal forces of rogue nations and  terrorists, such as the attack on the USS COLE and the coordinated attacks on the Pentagon and the World Trade Center on 9/11/01.   

Another significant change is in the tactical environment  for naval operations, from the “blue water” of the open ocean, with ample early warning on the onset of attacks,  to the “brown water” of the littoral regions where tomorrow’s sea battles will be fought, where reaction time is severely limited and where simultaneous multi-dimensional warfare (land, air, surface, and subsurface) can be expected.  Another source of change is in modern demographics which point to the reduced availability of young men for recruitment in the Navy, leading to reductions in ship manning and higher utilization of women on ships (expected to reach 25% compared to the present 15% of the naval force).  Finally, change in Navy systems of tomorrow is dictated by the severe and continual reductions of defense budgets, leading to increased automation of systems and  further reductions in manpower. 

The result of these changes in the nature the naval warfighting, and warfare systems, is a new appreciation for the requirements, capabilities, roles, and value of humans in Navy systems.  The Director of Surface Warfare in the Office of the Chief of Naval Operations (CNO) recently concluded that we must “change the way we design our ships and installed systems by institutionalizing human-centered design,  human systems integration, and detailed front-end analysis of all manpower and training requirements”.  The CNO himself, in defining his priorities for the naval service, directed that the Navy must create a lifestyle of service that is attractive to bright, ambitious young men and women, and must enhance quality of service, which he defined as a combination of quality of life and quality of work.

According to DoD 5000.2,  the Defense Acquisition System establishes a management process to translate user needs (broadly stated mission needs responding to a postulated threat and developed in the Requirements Generation System or business needs responding to new ways of doing business and developed by the appropriate staff office) and technological opportunities (developed or identified in the Science and Technology program based on user needs) into reliable and sustainable systems that provide capability to the user.

The Defense Acquisition System is a continuum composed of three activities with multiple paths into and out of each activity.  

· Technologies are researched, developed, or procured in pre-system acquisition (science and technology and concept development and demonstration).  

· Systems are developed, demonstrated, produced or procured, and deployed in systems acquisition.  The outcome of systems acquisition is a system that represents a judicious balance of cost, schedule, and performance in response to the user's expressed need; that is interoperable with other systems (U.S., Coalition, and Allied systems, as specified in the operational requirements document); that uses proven technology, open systems design, available manufacturing capabilities or services, and smart competition; that is affordable; and that is supportable.  

· Once deployed, the system is supported throughout its operational life and eventual disposal in post-systems acquisition using prudent combinations of organic and contractor service providers, in accordance with statutes.

There are four major system acquisition. (1) acquisition of a new system;   (2) modification, modernization, and update of a legacy system;   (3) accelerated acquisition from prototype to production;  and (4) use of commercial off-the-shelf (COTS) non-developmental item (NDI).  The requirements for HSI in each of the  acquisition approaches are different by virtue of the quantity and availability of information, and the constraints placed on the acquisition program, and the HSI element of that program.   The general HSI requirements by type of acquisition are as follows:

1)
acquisition of a new system – this represents the clean sheet of paper approach wherein the acquisition of the new system  progresses  through defined acquisition phases and milestones.  The HSI requirements  for this type of acquisition  are as follows:

· the identification, development, analysis,  and integration of HSI requirements will  proceed from a top down requirements analysis ;

· interfaces between humans and hardware, software, information, environments, organizational elements, and other humans (human-machine interfaces) will be designed and developed through a process of human-centered design;

· evaluation and verification of HSI design concepts and criteria will be conducted through HSI test and evaluation. 

2) modification, modernization, and update of a legacy system – in this acquisition approach the HSI emphasis is on evaluating the human performance, safety and health, manning, personnel management, training, habitability, and personnel survivability aspects of existing  Navy systems, and modifying these systems to ensure that they conform to HSI  principles and standards. 

3)  accelerated acquisition from prototype to production – in this type of acquisition the HSI effort moves from analyzing requirements  and developing human-machine interfaces for the prototype,  to HSI criteria for installing and evaluating the produced system.   

4) use of commercial off-the-shelf (COTS) non-developmental item (NDI) – in this acquisition the HSI emphasis is on evaluating, and possibly modifying, commercial products acquired as non-developmental items.  
4.0  HSI in New Surface Warfare System Acquisition

In the application of HSI to the acquisition of new systems,  HSI requirements and activities must be identified for each acquisition phase, including:  the Technology Opportunities and User Needs Phase;  the Concept and Technology Development Phase;  the System Development and Demonstration Phase; and the Production and Deployment Phase.  HSI applications for each of these phases are described in the following subsections.  HSI in the Technology Opportunities and User Needs Phase 

Pre-system acquisition is composed of on-going activities in development of user needs, in science and technology, and in concept development work specific to the development of a materiel solution to an identified, validated need.

The significant contributions of HSI to the Technology Opportunities and User Needs Phase include determining human performance and safety issues with the proposed system, identifying opportunities for workload reduction and manning optimization,  providing  HSI inputs to the Analysis of Alternatives (AoA), assessing HSI aspects of affordability and  risk, and  providing HSI inputs to the MNS. The HSI process in the Technology Opportunities and User Needs Phase is depicted in figure 1.


















Figure 1.  HSI Activities in the Technology Opportunities and User Needs Phase

Identify HSI Issues and Requirements

At the outset of an HSI program, attention must be given to defining the HSI issues and requirements to be addressed in the acquisition of the system.  The HSI issues and requirements specify the HSI concerns in the analysis of alternatives, assessment of technology,  and development of the Mission Needs Statement. 

HSI Top Down Requirements Analysis

The overall thrust of HSI in ship acquisition is to address how to reduce ship manning and human workloads (resulting in reduced ship life cycle costs) while at the same time enhancing the  performance and safety of the shipboard warfighter.   To accomplish this,   HSI must define the complete range of requirements for human involvement, human utilization, human performance, and human safety from the earliest stages of ship system development.  Since HSI is a systems engineering discipline, the application of HSI represents a systems approach.  The front-end analysis described herein is an adaptation of the top down requirements analysis described in section 3.0 of this Guide.  

Top Down Requirements Analysis (TDRA) is the HSI process for defining human requirements early in system development.  It represents a systems engineering approach to specifying the concerns for the human in ship systems.  As a systems engineering approach,  TDRA is requirements-driven, and is focused on defining system interfaces.  In terms of requirements, TDRA is concerned with identifying, analyzing and integrating requirements for missions, system functions, and human involvement in the performance of functions.  These requirements lead ultimately to development of design requirements for human-machine interfaces.   In terms of a concern for systems interfaces, the scope of TDRA includes the interfaces between the human and other system elements (hardware, software, information, procedures, organizations, and environments).

HSI Lessons Learned and High Drivers

The next step is to identify lessons learned and high drivers in legacy systems. When legacy system functions have been identified and analyzed, a comparability analysis will be conducted to identify high driver functions and lessons learned.  High drivers are functions which, in legacy systems, are labor intensive, impose demands on human performance, are unsafe, are difficult to train, and require high levels of skill.  Lessons learned are design or operational approaches which include problems and positive aspects.  Problems should be avoided and positive aspects should be continued in the new system.

Opportunities to Reduce Workload

The potential to reduce workloads will be conducted in terms of four alternative approaches and combinations of these. The approaches are: determine workload reduction potential through (a) automation; (b) task simplification; (c) function elimination; and (d) function consolidation. Determining the potential for function automation to reduce workload  entails defining for which tasks is increased automation feasible,  what are the roles  of the human for tasks for which the level of automation has been increased, and a how will automation  modify task sequences and/or reduce the likelihood of human error.

Determining the potential for function simplification to reduce workload/manning  focuses on identification of the potential for reducing physical task demands, cognitive task demands, and perceptual-motor task demands. The objective is to reduce: amount of information to be processed, complexity of the information, number of decisions and options, complexity of actions, interactions with other operators, complexity of communications, task performance accuracies required, special skills and knowledges required, levels of skills, the level of stress associated with the performance of tasks under representative mission conditions, and time constraints.

Determining  the potential for function elimination to reduce workload  requires a definition of the potential with which system functions can be deleted, or offloaded to shore-based elements, to other ships or platforms, or to other ship systems.  

Determining the potential for function consolidation to reduce workload  entails identifying tasks for which consolidation and cross training is feasible; identifying  roles of the human for tasks for which consolidation/cross training has been implemented, and determining how consolidation will modify task sequences and/or reduce the likelihood of human error.

HSI Inputs to AoA

The effort to provide HSI inputs to the AOA begins with an identification of the alternative approaches for the roles of humans in the operation and maintenance of the system  for each design alternative.  An  HSI assessment and tradeoff  of design alternatives is then conducted and manpower requirements and manpower sources for each alternative concept are defined.  In addition, requirements  for special skills, new occupational specialties and high quality personnel for each alternative concept are identified, as are  identify training requirements and  expected effectiveness of training systems for each alternative concept.  HSI studies, analyses, and tradeoffs of  alternative design concepts are conducted HSI inputs to life cycle costs for each alternative concept are provided.  A description is provided of how human factors engineering and safety/health hazards lessons learned will be applied for each alternative concept.  Requirements for interoperability of  system alternatives are defined, as are specific human performance requirements associated with interoperability.   HSI cost, schedule, and design risk areas for each alternative   concept  will be identified.  HSI considerations will be incorporated  into the acquisition strategy for each alternative concept and  personnel requirements for operators and maintainers will be defined for each alternative  concept.  Finally,  HSI test and evaluation requirements will be identified  for each alternative concept.

Affordability and Risk Assessment

An  HSI assessment  of the affordability and risk associated with system alternatives is in essence part of the AoA.   The HSI assessment integrates the results of all  HSI domain assessments into a source document for input to the decision review process.  HSI assessments will be conducted prior to milestone decision reviews on all acquisition programs, including materiel change and nondevelopmental items.  The objective of the HSI assessment is to determine the status and adequacy of HSI efforts in the materiel acquisition program and to present any unresolved HSI issues or concerns to decision makers at the appropriate decision points.  Individual domain assessments (HFE, system safety, health hazards, and manpower, personnel, and training) as well as other pertinent information will be used to formulate the overall HSI assessment.

HSI Inputs to the MNS

HSI inputs to the MNS include identified HSI deficiencies with the baseline system  and HSI aspects or issues in known systems or programs addressing similar needs that are deployed or are in development or production by any of the Services or Allied  nations. 














HSI Evaluation












































































HSI in the Technology Opportunities and User Needs Phase will be evaluated with the measures listed in Appendix B. 

HSI in the Concept and Technology Development Phase 

This acquisition phase is concerned with examining alternative concepts, including cooperative opportunities and procurement or modification of Allied systems or equipment, to meet a stated mission need.  This phase begins with a decision to enter Concept and Technology Development at Milestone A.  The phase ends with a selection of a system architecture(s) and the completion of entrance criteria for Milestone B and System Development and Demonstration Phase.

Milestone A includes initiation of concept studies, designation of a lead Component, approval of Concept Exploration exit criteria, and issuance of the Acquisition Decision Memorandum.  The leader of the concept development team shall develop an evaluation strategy that describes how the capabilities in the MNS will be evaluated once the system is developed.

Milestone A approval can lead to Concept Exploration or Component Advanced Development depending on whether an evaluation of multiple concepts is desired or if a concept has been chosen, but more work is needed on key sub-systems or components before a system architecture can be determined and the technologies can be demonstrated.

The goal of the Concept and Technology Development Phase HSI  effort will be to define requirements for reduced workload and optimized manning,  determine requirements for human performance and safety, specify technology requirements to achieve optimized manning,  and integrate these requirements into system documentation and performance specifications.  The HSI activities to support these goals are as follows:

•
Manning  and Personnel - the major efforts in this phase involve development of the Manpower Determination Model, and the conduct of manning studies.  Based on the role-of-human determinations and workload assessments, alternate feasible manning approaches are identified.  The Manpower Determination Model (MDM) compiles individual manpower requirements of the various subsystems and performs a cross utilization analysis to account for other ship support functions not included in the subsystem-level list. The manpower requirements analysis compiles workhours by enlisted rates and officers bill, department or division.

•
Training - training is addressed in this phase only at the initial requirements level, which includes identification of training requirements and constraints from: system acquisition documentation, lessons learned, HSI issues, and function/task analysis.

•
Human  Engineering -  The effort in this phase is concerned with identifying human performance requirements, and specifying specific requirements for human-machine interface (HMI) design, human-computer interface (HCI) design, maintainability, facilities and arrangements design, communications, and procedures and documentation.

•
Safety and Health - Safety and health requirements will be identified based on system acquisition documentation, lessons learned, HSI issues, and results of  task analysis.

The HSI process for the Concept and Technology Development Phase is presented in figure 2.  The following describes the steps in figure 2. 

Top Down Requirements Analysis

The initial step is the conduct of a top down requirements analysis, described in Section 3.0 of this Guide.  The overall goal is to optimize manning and personnel and technology cost and performance tradeoffs to obtain the lowest system life cycle cost.  

HSI Inputs to Acquisition Documentation

Based on the results of the analyses conducted in the TDRA, HSI inputs are provided to the updated MNS, the capstone requirements document and ORD, the ILA, TEMP, RFPs and SOWs, performance specifications, alternate concepts,  the human engineering program plan (HEPP), and the HSI Plan (HSIP).  The HSIP will  (a) identify HSI objectives and issues;   (b) describe the HSI tasks to be conducted in each phase with products and schedules;   (c) identify potential problems and how these problems will be eliminated or mitigated;  (d) describe the organization of the HSI component: as an IPT, a member of an IPT, a working group, or a program;  (e) identify the location of the HSI component in the program office;  (f) identify personnel assigned to the HSI effort and describe their qualifications;  and (g) identify the funding profile for HSI.




















Figure 2.  HSI process in the concept and technology development phase

HSI Concepts

The development of HSI design and readiness concepts is a key step in this Phase.  As automation of ship systems increases, it becomes more imperative for the human commander,  evaluator, and decision maker to understand not only the  tactical situation but also the automated machine itself - what it knows,  what it concludes,  what it anticipates,  and what  it recommends.  It can be agreed that we have not yet arrived at the juncture where the human is ready to turn over all decision making, systems management, and action execution authority and responsibility to the machine.  The human will continue to serve in a command and supervisory capacity, working with the machine to pursue a course of action, or overriding the machine to pursue a different sequence.  This being the case, the driving requirement is to acquire  systems under a strategy wherein the human is integrated into the system, enabling cooperation and collaboration between human and machine which depends on the unique capabilities of each.  Integration in this sense extends to integration of the human with system hardware, software, firmware, information, procedures, environments, organizations,  and other humans. To be successful, this integration must begin with a systems engineering orientation which considers the human as a critical component of the system, rather than as merely a user of system products.  This orientation of dealing with the human as an essential element of the system, is the objective of HSI.
Manning and role-of-human vs. machine concepts are developed during this step based on manpower requirements data and capabilities of personnel vs. machines for specific functions. Output from this step is useful for defining the most promising system concepts and also adds important information to the Operational Requirements Document that is used to define operational parameters for the proposed concept.  Output from this step in the form of manpower requirements data will also be necessary to  manpower estimates since it determines which roles will be performed by humans. 

HSI Studies and Analyses

The development and assessment of HSI concepts is supported by HSI studies and analyses, including:  (a) modeling and simulation design studies;  (b) cognitive task analysis;   (c) workload/manning analysis;  (d) operations sequence analysis;  (e) maintenance analysis;  (f) human-machine interface design analysis;  (g) human-computer interface analysis;  (h) skills/training requirements analysis;  (i) communications analysis;  (j) HSI risk analysis;  (k)  HSI affordability analysis;   and (l) HSI tradeoffs.

HSI T&E

The HSI T&E Program should focus on the overall  structure, major elements, and objectives of the test program that is consistent with the ship acquisition strategy.  It should include sufficient detail to ensure the availability of both existing and planned test resources required to support the HSI test and evaluation program.  The HSI T&E  Program Plan will input HSI requirements to the TEMP which is used to generate detailed test and evaluation plans and to ascertain schedule and resource implications associated with the overall test and evaluation program. 

The objectives of the HSI T&E Program are as follows: (a)  Identify HSI issues specifically addressing the acceptability of human performance and safety in a ship reduced manning environment;  (b) Identify HSI T&E requirements, methods, and measures for Developmental T&E;  and (c) Identify HSI T&E requirements, methods, and measures for Operational T&E 

Contractor HSI products are continually reviewed  to assess the quality of the HSI effort.  

HSI Evaluation

Measures for evaluating HSI aspects of the system at Milestone B are presented in Appendix C. 

HSI in the System Development and Demonstration Phase 

As described in DoDI 5000.2, the purpose of the phase is to develop a system, reduce program risk, ensure operational supportability, design for producibility, ensure affordability,  and demonstrate system integration, interoperability, and utility.  Discovery and development are aided by the use of simulation-based acquisition and test and evaluation and guided by a system acquisition strategy and test and evaluation master plan (TEMP).  System modeling, simulation, test, and evaluation activities shall be integrated into an efficient continuum planned and executed by a test and evaluation integrated product team (T&E IPT).  

The HSI activities in the System  Development and Demonstration Phase are as follows:

•
Manning  and Personnel - the major efforts in this phase involve development of the Initial Manpower Estimate, determination of feasible approaches to reduce manning and skill levels, and refinement of manning requirements  .

•
Training - in this phase inputs are provided to the Navy Training System Plan, and training requirements are further refined.

•
Human Factors Engineering -  The HFE effort in this phase is concerned with developing and prototyping design concepts for HMI, equipment access, maintenance design, space and machinery arrangements, interior communications, and reliability/maintainability/availability approaches.

•
Safety and Health - Safety and health requirements will be refined and expanded in this phase.  safety and health concerns play a major role in the risk assessment.

•
Habitability  - habitability and quality of life requirements and concepts will be developed.

The HSI activities in the System  Development and Demonstration Phase are depicted in figure  3.

The initial activity in this phase is to develop human-centered design concepts in the context of alternative system design concepts.  HSI concepts include human-machine interfaces, user-computer interface  (HCI), workstations, procedures/documentation/decision aiding, workspace/facility, maintainability design, safety & health hazard avoidance design, and training system design.  The development of human-centered design is concerned with identifying   and integrating design requirements for the design for (a) operability and interoperability;  (b) usability;  (c) maintainability;  (d) supportability;  and (e) habitability and quality of life at sea.
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Figure 3.  HSI Process in the System  Development and Demonstration Phase

Human-Centered Design

Initial  Manpower Estimates

Identification of initial  manpower estimates involves developing a manning reduction concept.  The approach to defining a manning reduction concept  essentially begins with a determination of the optimum role of the human in the system in a three step process: 1) identifying candidate roles of the human; 2) identifying specific requirements attendant to these roles; and 3) modeling human performance as expected in the selected set of assigned roles.  In dealing with human-computer systems it is important to realize that the issue is not so much defining the allocation of system functions or tasks to human or machine performance as establishing the role of human in the system. In a human-machine system where both components are equally competent to perform individual functions and tasks, the design issue is to determine the role of the human vs automation in the performance of each function or task. The emphasis on the role of human in the system acknowledges the fact that the human has some role in every system function or task. In some cases that role may encompass actual performance of the function or task.

It is also important to realize that an assigned role for human performance may change with changes in operational conditions. Thus a task optimally performed by a human under certain conditions of workload, time constraints, or task priority, may be more optimally automated under other conditions. It is also important to keep in mind that automating a function or task does not logically mean that the human does not have a role, that he or she has effectively been designed out of the system for that specific function of task. Rather, in an automated function or task, the role of the human is that of a manager,  monitor,  decision maker,  system integrator,  or backup performer. 

Systems Approach to Training

Development of training concepts is based on the realization that both training and human factors engineering design are focused on enabling,  enhancing, supporting and maintaining required levels of human performance capability in systems. Therefore,  there must be a synergistic mutual interrelationship between training and design that extends from system conceptual development through detail design, deployment and operation.  

Training is concerned with providing the knowledge, skills and abilities (KSAs) necessary for effective human performance using available human-machine interfaces.   Design, specifically human engineering design, is concerned with  designing and developing human-machine interfaces that enable effective human performance.  

The synergism between training and design is manifested in a number of ways, including the following:  (a) training requirements should be developed concurrently with design requirements;   (b) training and design development must proceed from the same front-end analysis;  (c) the amount of training required  (the training burden) to achieve required performance capability is a direct function of the adequacy of the design;  (d) training is often implemented to compensate for faulty design;  (e) the extent and manner in which training media should faithfully reflect the current  design varies as a function of the training objective;  (f) training effectiveness and design effectiveness decisions should be based on the same metrics;  (g) embedded, organic training provisions must be designed into the system;  (h) system design should include provisions for refresher training to restore perishable skills;  (i)  system design should include provisions for team training such as crew resource management;  and (j)  both training and design are concerned with providing knowledge.

HSI studies and analyses 

HSI studies and analyses are conducted: 1) to provide a better understanding of HSI requirements, 2) to complete the description of HSI concepts and strengths and weaknesses of specific concepts, and 3) to support design decisions and development of design and tradeoff criteria.  This step inputs the concepts from the preceding stage and subjects them to HSI analyses.  It also receives inputs from the Milestone B Acquisition Decision Memorandum and is instrumental in exploring materiel alternatives, developing supporting information, and defining the most promising system concepts.

HSI T&E

The conduct of HSI T&E is concerned with the planning and conduct of HSI test and evaluation (T&E) exercises, either as an event within the HSI program, or as a segment of the system-level T&E program. 

System Reviews

The specific areas to be assessed in the HSI component of a system review include all of the areas for which the components of HSI have contributed. 

HSI Inputs to RFPs and Procurement

Identification of HSI inputs to RFPs and procurement documentation include identifying HSI requirements and issues in the statement of work,  identifying  HSI metrics and proposal evaluation criteria,  and determining the weight of HSI factors in source selection.

HSI Evaluation

Measures for evaluating HSI processes and products at Milestone C are presented in Appendix D.

HSI in the Production and Deployment Phase 

The purpose of the Production and Deployment phase is to achieve an operational capability that satisfies mission needs.  Once maturity has been proven, the system or block is baselined, and a methodical and synchronized deployment plan is implemented to all applicable locations.   A system must be demonstrated before the DoD  will commit to production (or procurement) and deployment.

HSI activities in the Production and Deployment Phase are as follows:

· Manning  and Personnel – the major efforts in this phase involve final definition of manpower and personnel requirements.

· Training – in this phase training programs and materials are developed and implemented.

· Human Factors Engineering -  The HFE effort in this phase is concerned with installations, engineering change proposals, and lessons learned.

· Safety and Health – Safety and health requirements are concerned with  defining the safety and health program, and with installations, engineering change proposals, and lessons learned

· Habitability  - habitability and quality of life requirements and concepts will be developed. 

The HSI process for Production and Deployment is depicted in figure 4.  The steps of figure 4 are described below.

HSI Installation Criteria

Installation criteria will be developed based on operator and maintainer access requirements, safety considerations, and task analysis results.   Mockups and scale models of equipment installations will be developed to verify accessibility, operability and maintainability.   Lessons learned from predecessor systems will be examined to identify problems with equipment installation.

HSI Engineering Change Proposals

The development of engineering change proposals involves defining  solutions to eliminate or attenuate adverse effects of problems including  redesign of hardware, software solutions, changes to manning, training, tutoring, aiding, labeling and marking changes, instructions, procedures, or guards.

HSI Review of Drawings

In the conduct of an HSI review of arrangements and design drawings  attention will be focused on identifying  design features to be evaluated in the drawings, developing evaluation criteria,  conducting the evaluations, and identifying HSI problem areas.
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Figure 4.  The HSI Process in the Production and Deployment Phase

Safety and Health Assessment

In the assessment of safety and health provisions an evaluation will be made of the system safety program to insure that:  (a) safety, consistent with mission requirements is designed into the system in a timely, cost-effective manner;  (b)  hazards associated with each system are identified, evaluated, and eliminated, or the associated risk reduced to a level acceptable to the managing activity;  (c)  minimum risk is sought in accepting and using new designs, materials, and production and test techniques;  (d)  retrofit actions required to improve safety are minimized through the timely inclusion of safety features during research requirements are accomplished in a manner that maintains a risk level acceptable to the managing activity; and (e)  changes in design, configuration, or mission .

MPT Concepts and Criteria

Manpower, Personnel, Training  (MPT)  concepts and criteria describe the human dimensions and constraints involving a system throughout the system's life cycle.  This includes, but is not limited to, descriptions and categorizations of occupations, aptitudes, individual skills and demographics, training system characteristics and components, potential system hazards, and other issues affecting the performance and welfare of operators, maintainers, and personnel that support existing, modified, or new systems.  In this phase the major training effort is to update the NTSP, and to implement the training courses.

HSI Lessons Learned

Finally,  the HSI  Program will review existing elements (systems, equipment, software, facilities, and services)  to identify lessons learned to include existing capabilities, requirements for additional capability, and deficiencies with existing or projected capability.   Lessons learned will include problems to be resolved and positive features of the legacy design which should be continued in the emerging system.

HSI Evaluation

Factors to be evaluated after Production and Deployment are listed in Appendix E.
5.0 HSI in Modernization and System Upgrade

Overview   Section 4.0 addressed the requirements for HSI in new system acquisition, through production and deployment.  Section 5.0 is concerned with HSI improvement of systems already fielded and in the fleet.  HSI improvements will be required for modernization and upgrade acquisitions.

According to DoD 5000.2R,the DoD shall structure the Performance-Based Business Environment  to use performance requirements or conversion to performance requirements during  re-procurement of systems, subsystems, components, spares, and services beyond the initial production contract award, and during post-production support to facilitate technology insertion and modernization of operational weapons systems.   The HSI activities in improving HSI aspects of existing systems are depicted in figure  5.  These activities are described in the following subsections. 










HSI Issues

For HSI issues in modernization of systems, DoD 5000.1 requires that decision-makers at all levels shall encourage and facilitate the documentation and institutionalization of lessons learned – both good and bad - from past experience.  Proper incentives must be in place to encourage a culture friendly to the documentation of valuable lessons learned and the sharing of knowledge.  The objective is a learning culture that embraces change and continuously adapts to new challenges. 

The HSI issues in system modernization include identification of:  (a) areas in fielded systems where HSI has a significant impact on system performance, affordability, and risk;  (b)  where insertion of advanced technology in existing systems will significantly impact HSI;  (c)  the extent to which design directions taken in existing systems constrain the degrees of freedom in making improvements;  (d)  how a reengineering and modernization approach can be taken to designing for human performance, safety, health, and quality of life;  (e)  how changes in requirements impact requirements for improving human performance, manpower, training, personnel management, habitability, quality of life, personnel survivability, safety, and health. 

Lessons Learned

The next HSI activity is the identification of lessons learned.  The HSI  Program will review existing elements (systems, equipment, software, facilities, and services)  to identify lessons learned to include existing capabilities, requirements for additional capability, and deficiencies with existing or projected capability.   Lessons learned will include problems to be resolved and positive features of the design which should be continued.

Allocation of Functions

When functions and associated requirements have been identified, the reallocation of functions is conducted wherein functions are reallocated to human or automated performance,  or some combination of the two.  Function allocation essentially defines the roles of humans and automation in the performance of system functions, and identifies where additional information is needed to define these roles.  The needed additional information is acquired by means of modeling of the interactions between humans and automation, and/or through task network simulation.  Allocation of functions is optimally performed by a multidisciplinary team of HSI specialists, system engineers, and operations specialists, each assessing the roles of humans and automation from their unique perspective.  The result of the allocation of functions activity is a set of roles for human and automated performance of a sequence of functions within a scenario, and task performance requirements for tasks associated with human roles.

Workload Reduction Concepts

In support of the determination of human roles in the allocation of functions, workload reduction concepts will be developed.  Based on lessons learned,  operational constraints, and technology assessments, alternate approaches to achieving function allocations are identified which can be expected to reduce human workload with no adverse impact on human performance and safety.  For each of these alternate approaches, models of human-automation interaction are developed and exercised to support allocation decisions or to synthesize the results of the function allocation effort.

Assess and Redesign HMI

The next HSI step is to assess and redesign human machine interfaces  (HMI) and workstation design.  This effort begins with an identification of problems with HMI from lessons learned data.  The HMI and workstation elements are modified to resolve these problems.

Assess and Redesign HCI

Closely allied with HMI improvement is the assessment and redesign of human-computer interfaces (HCI ) and human-centered automation (HCA). This involves again the identification of problems from lessons learned, and the modification of data access - retrieval dialogues;   HCI concepts;  and HCA approaches.  

Assess and Redesign Procedures, Documentation, and Decision Aids 

In the assessment and redesign of procedures, documentation, and decision aids, the approach is to initially identify problems from lessons learned data, and then to make improvements in procedures, technical and user documentation, and on-line decision aids. 

Assess and Redesign Workspace/Facility and QOL

The assessment and redesign of workspace/facility and quality of life provisions begins with an identification and assessment of problems from lessons learned.  Improvements will be made to resolve high priority problem areas.

Assess and Redesign of Design for Maintainability

The assessment and redesign of maintainability design features and interfaces again begins with an identification and assessment of problems from lessons learned.  Modifications will be made to resolve problems in such areas as:  maintainability design ;  information requirements;   accessibility;   arrangements to facilitate maintenance;  maintenance  procedures;  skill levels and maintenance training;   equipment installation ;  requirements for special tools/support equipment;  job aid requirements;   communication; and safety design. 

Assess and Redesign Health and Safety Provisions

In the assessment and redesign of safety and health and personnel survivability design, the initial step is to identify and assess problems from lessons learned.  Modifications and improvements will be made to support hazard  elimination;  guarding the hazard;  labeling the hazard;  alarming the hazard;  or providing  training or procedures to avoid the hazard.

Evaluate Ship Systems

The same evaluation factors should be employed as those used in the evaluation of HSI at Milestone C (Appendix D).

6.0 Prototype to Production Acquisition
The approach of acquiring a system by progressing  directly from prototype to production relies on a top down requirements analysis and uses the technique of simulation based design.  Prototype to production is an attempt to reduce cycle time to produce a system. The substeps associated with the prototype to production HSI process are depicted in figure  6. 

Top Down Requirements Analysis

As described in Section 3.0 of this Guide.

Simulation-Based Acquisition

Simulation-Based Acquisition (SBA) will affect  DOD'S ownership costs such as those in the logistics support area that generally are the drivers of life cycle cost.  SBA cuts cycle times by getting rapid answers to questions about requirements and designs and by distributing them simultaneously to many users.  Program managers  can incorporate SBA into their programs without significantly expanding cycle time.  Simulation-based design is a  dramatically improved acquisition process enabled by the application of advanced information technology (IT); legislation, policy, budgeting and management changes; and the education and motivation of all participants.   





















Figure 6.  HSI Process for Prototype to Production Acquisition

The HSI M&S approaches of major relevance are two:  (a) task network simulation to determine the effectiveness of task sequence performance with time constraints; and (b) human-in-the-loop simulation to assess human performance with alternate levels of automation control and support.

Task network simulation involves modeling the operation of a human-machine system as a network of tasks. Tasks are assigned in a fixed or variable manner to selected operators which often represent humans but can also represent machines or other resources.  The time taken to perform each task in one or more sequence(s) is modeled as a random variable having a specified probability distribution. Task sequence relationships can be probabilistic so that various contingencies can be represented as occurring with specified probabilities. Task network simulation tools use monte carlo methods to sample probabilistic task sequencing and distributions of task time. The human-machine system models that result can have considerable flexibility and can represent real-world scenarios of considerable complexity. When the model is run, the program records statistical data such as the numbers of completions of tasks, the time spent per task per operator and total busy/idle time per operator. 

Human-in-the-loop simulation techniques focus on cognitive, information processing and decision making aspects of human performance. If a simulation test subject receives specified information via a monitor, reaches a decision and then makes a response via a data entry device, the response time and accuracy of the response can be determined. Over a number of trials, statistical data can be obtained on probability of qualitative error, magnitude of quantitative error and response time.     

The M&S effort enables a determination of the expected effectiveness and associated problems with techniques of human-automation interaction.  Modeling and simulation activities also provide for an evaluation of the effectiveness of human-machine interface design concepts to enable the human-automation interaction.

An HSI Modeling and Simulation plan will be prepared including the requirements identified above, and the test schedule.  

Provide HSI Inputs to Acquisition Documents such as the Performance Specification

Based on the results of the analyses conducted in the TDRA, HSI inputs are provided to the updated MNS, the capstone requirements document and ORD, the ILA, TEMP, RFPs and SOWs, performance specifications, alternate concepts,  the human engineering program plan (HEPP), NTSP, MER, and the HSI Plan (HSIP).  The HSIP will  (a) identify HSI objectives and issues;   (b) describe the HSI tasks to be conducted in each phase with products and schedules;   (c) identify potential problems and how these problems will be eliminated or mitigated;  (d) describe the organization of the HSI component: as an IPT, a member of an IPT, a working group, or a program;  (e) identify the location of the HSI component in the program office;  (f) identify personnel assigned to the HSI effort and describe their qualifications;  and (g) identify the funding profile for HSI.

In the development of  HSI Inputs to the Prototype Performance Specification, the thrust is to determine the roles and requirements of human performance in impacting what the system will be capable of doing, and specifying the performance tolerances required for successful performance. In the system performance specification,  determination  of human performance requirements shall address  requirements for:  (a) the capability for sustained human performance;  (b) prevention of human error;   (c) information management  approaches  which will reduce human error and cognitive workload while enhancing human decision making and warfighting capabilities;   (d) provision of information products and effective integration of information so as to minimize the probability of human error;  and (e) design concepts for human-machine interfaces and shipboard communications systems that address human capabilities and requirements.

Risk Assessment

The system prototype will be evaluated to assess the risks associated with the design concept. HSI Risk Assessment involves identification of  critical human system factors in design alternatives that will have a significant impact on readiness, life cycle costs, schedule, or performance. These include tasks, task sequences, task complexity estimates; environments and environmental controls; equipment design features; maintenance requirements; information requirements; user-computer interface features; manning requirements; workloads; personnel skill levels; training requirements; and hazards.

Affordability Assessment 

The prototype system affordability will be evaluated specifically for HSI elements of risk.  The HSI inputs to the Affordability Assessment include the results of assessments of the implications of HSI for each candidate Acquisition Strategy and alternative design concept.  This analysis involves determination of life cycle resource requirements for: operational and maintenance  manpower;  training; personnel non-availability due to accident;  expected human error rates; expected time to repair;  requirements for supportability; and requirements resulting from expected system downtime. 

Human-Machine Interface Assessment

In the development of of prototype human machine interfaces (HMI) specific factors  are as follows:

· number of watchstations is reduced

· that workloads required at each watchstation are reduced; 


· extent to which tradeoff criteria are presented, and human systems integration concerns are included;


· concepts are presented for all  human- machine interfaces;


· concepts reflect concerns for biomedical effects, safety, and environmental effects; 


· concepts reflect concerns for manning and skill levels of personnel; 

· concepts for maintainability design are included;


· maintenance workspace and accessibility are evident in facility drawings;

· there is a formal Manning/HSI sign- off of drawings. 


· standardization and commonality are  addressed in the design of  human-machine interfaces


· unique human interface requirements, documentation needs, and special software certifications are identified


· characteristics of automated decision support systems,  such as the operator's associate,  are identified,


· human workloads and human performance requirements are assessed through human performance and task modeling,  task network simulation, and human-in-the-loop simulation,  


· human factors engineering design standards are applied to reduce human error potential. 


· human performance risks have been addressed;


· design concepts have addressed tasks/conditions which increase the likelihood of human error. 


· design concepts have addressed identifying tasks  which are at or beyond human physical performance capabilities.


· concepts address tasks at or beyond human cognitive  performance capabilities.


· concepts address tasks/ conditions which contribute to excessive workloads.


· design concepts have addressed identifying tasks or conditions which contribute to inadequate productivity.

· concepts address tasks which contribute to unsatisfactory team performance/interaction.

Usability Assessment

The prototype system design for usability  will be evaluated specifically for HSI elements of risk. 

Usability of a system refers to extent to which:  human-computer interfaces have been designed in accordance with user capabilities (cognitive, perceptual, and memory)  and expectations; software command modes are transparent to the user; displays are standardized and are easily read and interpreted; the user is always aware of where he or she is in a program;  procedures are logically consistent; user documentation is clear, easily accessed, and readable;  on-line help is available and responsive;  the user is only provided with that information needed when it is needed; and the user understands how to navigate through a program and retrieve  needed information. 

The importance of usability in software development is seen in that: a) the human computer interface comprises from 47% to 60% of the total lines of code; and b) a graphical user interface accounts for at least 29% of the software development budget. Case studies of the magnitude of human factors benefits to software systems have reported cost-benefit ratios of up to 500 to 1.

Interoperability Assessment

The prototype system design for interoperability  will be evaluated specifically for HSI risk. 

Safety Assessment 

The prototype system design for safety  will be evaluated specifically for HSI elements of risk. 

Habitability Assessment

The prototype system design for habitability  will be evaluated specifically for HSI elements of risk. 

7.0 HSI Implementation of COTS NDI

DoD 5000.2R directs that, when acquiring COTS software products or other commercial items, the PM shall implement a spiral development process.  In this context, integration may encompass the amalgamation of multiple COTS components into one deployable system (or block of a system) or the assimilation of a single COTS product (such as an enterprise resource planning system).  In either case, the PM shall ensure that the system co-evolves with essential changes to doctrine (for combat systems) or reengineered business processes (for combat support and IT systems).  The PM shall apply commercial item best practices

No matter how much of a system is provided by commercial items, the PM shall engineer, develop, integrate, test, evaluate, deliver, sustain, and manage the overall system.  Using commercial items offers significant opportunities for reduced cycle time, faster insertion of new technology, lower life cycle costs, greater reliability and availability, and support from a more robust industrial base.  The keys to success involve thinking and acting as an informed consumer; planning for continuous evolution of the system; and maintaining a flexible posture throughout the life of the program.  The use of commercial items often requires changes in the way systems are conceived, acquired, and sustained, to include:

NDI has been defined as:

· Any item available in the commercial marketplace;

· Any previously developed item in use by a Federal, State, or local agency of the U.S. or a government with which the U.S. has a mutual defense cooperation agreement;

· Any item  that requires only minor modification to meet the requirements of the 

· Any item currently being produced that does not meet the requirements of sections above, solely because the item is not yet in use or is not yet available in the commercial marketplace.

The HSI activities in implementing NDI are depicted in figure 7.

HSI Requirements for NDI

The determination of HSI requirements for NDI begins with an identification of HSI Inputs to NDI Concepts and Issues.  This entails a determination of the extent to which the NDI must meet users' needs in the users' environment.   HSI issues in NDI operational requirements are then identified which include:  (a)  human performance issues;  (b) human safety and health issues;  (c) human quality of life – habitability issues;  (d)  personnel management issues;  (e) workload and manning issues;  and (f) training issues.   The HSI effort will provide inputs to ensure that the developer is responsive to legitimate needs but is also conscious of technical risks and affordability constraints.     The HSI  effort will also provide inputs to the determination of Life Cycle Cost, including the determination of how to identify which NDI approach has the:  (a) lowest projected life-cycle cost, within acceptable risks, and meets essential requirements, including human performance and safety requirements;  (b)  lowest human workload and manning requirements for operations and maintenance;  (c) most effective training program;  (d) least safety and health hazards;  (e) best mean time to repair;  (f) best overall availability; and  (g) best overall supportability.



HSI Inputs to Market Surveys
The effort to provide  HSI Inputs to market surveys  includes  the following questions to suppliers. 

· What portions of the system or equipment do you intend to provide in the form of NDI equipment? 

· How, in detail, will each item or assembly meet stated requirements?

· Must any of the item be modified to meet requirements?  

· How stable is the design of the equipment?  

· How long has the item been on the commercial market?  How many are currently in commercial use?  What are the prospects for product longevity?  How long will you support it?

· What is the reliability history of the product (e.g. mean time between failure, corrective maintenance actions, etc.)?

· What are human error modes associated with use of the item? What are the major types of errors associated with use of the item?

· What are error rates? Impacts? Correction provisions?

· What are the maintainability features of the design?

· What support is provided the maintainer?

· Has the item been specifically designed to be easy to maintain?  How?

· What is the Mean time to repair?

· What flexibility do you offer for government maintenance? 

· If the NDI is to be used as part of a system, how do you perceive the criticality of interfacing with  other subsystems, software, etc. for overall system integrity?



· the proposed item(s) be maintained according to the conditions we have given you, or will  special arrangements be required?  If so, what are they?

· What is your estimate of your product's life cycle cost over a  X year(s) period?

· What special skills and knowledge is needed to effectively and safely use the item?

· What training is needed to operate and maintain  your product, and is such training available from any source?

 Human Performance Requirements for NDI 

The effort to identify human performance requirements for NDI includes the following:  (a) determine human error potential in NDI operation and maintenance;  (b) determine potential problems with time to respond/perform;  (c)  determine the extent to which NDI tasks are unduly complex;  and (d)  identify how task simplification will modify task  sequences and/or reduce the likelihood of human error.

HSI supportability requirements for NDI 

In the identification of HSI supportability requirements for NDI attention will be given to:  (a)  procedures/documentation requirements
;  and (b) impacts of  HSI on life cycle costs.  

Safety and Health requirements for NDI 

The effort to identify safety and health requirements for NDI includes identification and assessment of safety and health hazards with NDI design and operation.

Manpower & Personnel requirements for NDI 

In identifying manpower & personnel requirements for NDI the emphasis will be on: problems in existing systems,  requirements from HSI issues,  requirements from function/task analysis data,  requirements from manning/workload studies , and requirements for reduced manning

Training requirements for NDI 

Training requirements for NDI will include assessments of:  training effectiveness in commercial systems,   training devices and equipment used in commercial systems,  applications of embedded training technology,  applications of onboard training technology,  requirements for special skills,  training  requirements from HSI issues,  training  requirements from function/task analysis data,  skill requirements by tasks, and  training system requirements .

Survivability requirements for NDI 

Identification of survivability requirements for NDI will include assessments of:  availability/adequacy  of protection systems and devices,   expected human performance wearing protective ensembles,  adequacy of countermeasures, and  adequacy of the design for survivability. 

HSI T&E  requirements for NDI 

HSI test and evaluation requirements for NDI include:  the extent to which T&E data will influence selection of design concepts, and incorporate into T&E planning,  the extent to which  HSI  T&E will be accomplished under operationally realistic conditions using personnel deemed to be typical users, and the extent to which results of evaluations of predecessor systems will input HSI  T&E exercises

ILS requirements for NDI 

ILS requirements for NDI  include criteria which address the adequacy of the system design for supportability,  adequacy of system documentation,  adequacy of spares access, and  the adequacy of the design for supportability

HSI input to the Procurement Documents 

HSI input to the Procurement Documents involve:   (a) HSI inputs to the Statement of Work;   (b) HSI inputs to the Contract Data Requirements List;  (c)  HSI inputs to the Contract Specification;  and (d) HSI  inputs to the selection of  Requirements Documents.

HSI input to the Commercial Item Description 

In providing  HSI input to the Commercial Item Description emphasis is on referencing non-government test methods and standards for incorporating  technical characteristics, materials, and testing procedures.  For HSI applied to maritime systems, the reference standards should be ASTM 1166 and the American Bureau of Shipping (ABS)  Human Factors Standard.   

As part of the CID, an assessment of the item in terms of usability will be conducted.  A major requirement for ensuring quality of a commercial item  is that it must be usable by the sailor irrespective of his or her level of computer literacy.  Usability requires that user expectancies are met, that operations are intuitive, that displays are  readable, that presented information and communications are immediately meaningful , and that human interfaces are designed in conformity with human engineering design standards. 

Evaluation criteria for NDI are contained in Appendix G.

Appendix A
Checklist for Evaluation of an HSIP
	HSIP Evaluation Criteria
	Status
	Trend
	Comments

	1) does the plan include specific objectives and requirements  for:
	
	
	

	human systems integration?
	
	
	

	human factors engineering?

	
	
	

	manpower, personnel and training?


	
	
	

	systems safety and health?

	
	
	

	HSI test and evaluation?

	
	
	

	
	
	
	

	2) does the plan include:
	
	
	

	
schedule and milestones?  

	
	
	

	
man-loading estimates?

	
	
	

	
facility and equipment requirements?

	
	
	

	
additional resources required?

	
	
	

	
program funding requirements?

	
	
	

	
	
	
	

	3) does the executive summary present an overview of the HSI strategy?  

	
	
	

	

	
	
	

	4) does the executive summary describe highlights of the HSIP?  

	
	
	

	
	
	
	

	5) does the executive summary describe analyses to be conducted, existing data sources, responsibilities
and the IOC?
	
	
	

	
 
	
	
	

	6) does the system description identify deficiencies in the predecessor system, design versions or alternatives, and essential total system performance characteristics and techniques for integrating human into the system?

	
	
	

	
 
	
	
	

	7) does the plan describe the proposed acquisition strategy including selection from such options as streamlined acquisition, developmental, non-developmental, product improvement, or "new approach"?

	
	
	

	

	
	
	

	8) does the acquisition strategy  identify type of acquisition?

	
	
	

	




	
	
	

	
	
	
	

	HSIP Evaluation Criteria
	Status
	Trend
	Comments

	9) does the plan identify the agencies involved, including the lead agency (system proponent) and all other major agencies?  

	
	
	

	
 
	
	
	

	10) does the plan identify system acquisition milestones and schedule linked to the HSI Milestone Schedule?  

	
	
	

	
	
	
	

	11) does the plan identify  A Priori Decisions; general DON guidance; assumptions; and information pertaining to personnel characteristics  and force structure?

	
	
	

	
	
	
	

	12) does the HSIP address the requirement that the Risk Assessment identifies cost, schedule, and design risks that result from HSI factors?  

	
	
	

	




	
	
	

	13) does the HSIP include objectives and minimum acceptable requirements relating to  operation, maintenance, training, and support?
	
	
	

	
	
	
	

	14) are required HSI analyses described?

	
	
	

	
	
	
	

	15) are HSI requirements explicit and are they traceable to the ORD? 

	
	
	

	
	
	
	

	16) are schedules and manpower estimates realistic? 

	
	
	

	
	
	
	

	17) are resource requirements realistic?

	
	
	

	
	
	
	

	18) are funding requirements feasible? 

	
	
	 

	
	
	
	

	
HSI in General
	
	
	

	19) does the plan identify human system factors that have a significant impact on readiness, life cycle costs, schedule or performance?

	
	
	

	
 
	
	
	

	20) does the plan include potential costs, schedule and design risks and tradeoffs which concern HSI factors and plans to manage and reduce program risks? 

	
	
	

	
 
	
	
	

	21) does the plan identify interfaces between the HSI program and the engineering design program? 

	
	
	

	

	
	
	

	22) does the plan identify points in the schedule where program 
products will be formally reviewed?
	
	
	

	




	
	
	

	HSIP Evaluation Criteria


	Status
	Trend
	Comments

	23) does the program plan identify constraints placed on the HSI program?  

	
	
	

	




	
	
	

	24) does the program plan identify potential problem areas and proposed methods of resolution?

	
	
	

	




	
	
	

	25) does the program plan identify program products as they are developed within the schedule?

	
	
	

	




	
	
	

	26) are procedures for monitoring the HSI efforts clearly stated?

	
	
	

	




	
	
	

	27) are procedures for quality assurance of HSI efforts clearly defined? 


	
	
	

	

	
	
	

	28)  are elements of the overall plan consistent? coordinated? interactive?

	
	
	

	




	
	
	

	9) are requirements associated with each element compatible with requirements associated with others and are they derived from a top down requirements analysis?

	
	
	

	




	
	
	

	30) are schedules consistent?  across elements?

	
	
	

	




	
	
	

	31) are resource requirements consistent?

	
	
	

	




	
	
	

	32) are design for operability requirements consistent with the requirements for design for maintainability for the same equipment?

	
	
	

	




	
	
	

	33) will HSI program products be produced in time to have an impact on system design?
	
	
	

	




	
	
	

	34) is sufficient time allocated for design reviews and test and evaluation exercises?

	
	
	

	35) does the scheduling of HSI activities parallel the events and activities of the engineering design effort?

	
	
	

	

	
	
	

	
Manpower Requirements
	
	
	

	36) does the plan discuss the manpower impact of the new system?


	
	
	

	




	
	
	

	HSIP Evaluation Criteria
	Status
	Trend
	Comments



	37) does the plan discuss how to influence design to moderate operational maintenance, training and support manpower requirements?


	
	
	

	




	
	
	

	38) does the plan discuss how the proposed system can be operated and supported within the manpower limitations established for it?



	
	
	

	




	
	
	

	39) does the plan discuss how to influence operations and support concepts to reduce inefficient manning and organizational concepts?


	
	
	

	


	
	
	

	40) does the plan discuss how to ensure that required manpower is programmed for the operational system?



	
	
	

	




	
	
	

	41) does the plan address how manpower projections will consider resource limitations and manpower reduction goals?


	
	
	

	
	
	
	

	42) does the plan state the sources of the manpower resources for the new system?

	
	
	

	




	
	
	

	43) are manpower goals stated in terms of numbers of required billets, in quantitative and qualitative terms?

	
	
	

	


	
	
	

	
Personnel Requirements
	
	
	

	44) does the plan address how to influence system design to moderate skill requirements and limit or reduce the use of occupational specialties with high aptitude or skill requirements, or with mobilization, rotation or flow rate problems stemming
from accession or retention limitations?

	
	
	

	




	
	
	

	45) does the plan address how to ensure appropriate planning is being done for acquiring, training or reallocating personnel to support the operational system?

	
	
	

	




	
	
	

	46) does the plan address requirements for new occupational specialties, requirements for high quality personnel or hard to fill occupations, and how these personnel requirements will be met?

	
	
	

	




	
	
	

	HSIP Evaluation Criteria
	Status
	Trend
	Comments

	47) are personnel goals clearly described, such as a goal that there be no qualitative increase in the characteristics of operators, maintainers, or supporters

	
	
	

	




	
	
	

	48) do personnel goals include quantitative goals for personnel capabilities?


	
	
	

	
	
	
	

	
Training Requirements
	
	
	

	49) does the plan address training requirements and effectiveness of the new training system?

	
	
	

	




	
	
	

	50) does the plan address how to influence the system design to moderate training requirements, optimize the selection of training alternatives, and ensure that prime system data is available to permit timely development of training system
equipment and courseware?
	
	
	

	




	
	
	

	51) does the plan address how to ensure appropriate training is being planned for support of the operational system?

	
	
	

	




	
	
	

	52) does the plan address how to ensure required training resources (trainers, facilities and equipment) are programmed for support of the operational system?

	
	
	

	




	
	
	

	53) does the plan address how tasks which require extensive training will be identified and targeted for design trade-off analyses?

	
	
	

	




	
	
	

	54) does the plan address how existing training resources will be assessed to determine ability to support training needs?


	
	
	

	


	
	
	

	55) does the plan highlight the requirement for new or additional training resources based on peacetime operating tempos as well as surge and mobilization?

	
	
	

	




	
	
	

	56) does the plan address how the inefficient use of operational equipment and munitions for training will be minimized where possible?

	
	
	

	




	
	
	

	HSIP Evaluation Criteria
	Status
	Trend
	Comments

	57) does the plan address how training materials and training devices will be integrated into the total system? 

	
	
	

	



	
	
	

	58) does the plan require that a preliminary  total systems training plan should be developed by Milestone B, and the final NTSP by the mid point between M/S B and M/S C,  to include a description of the total training system, and address the training and/or operational system development schedule?



	
	
	

	




	
	
	

	59) does the plan include requirements for new or additional training resources and does it identify critical points in the training schedule?

	
	
	

	



	
	
	

	60) does the plan address the impact that the  fielding of the new system will have on unit readiness and whether the training base is adequate to meet surge and mobilization requirements?



	
	
	

	



	
	
	

	61) are training goals stated, such as no more than the number of training hours in the predecessor system, and statements addressing the projected use of advanced training technology or techniques, e.g. embedded training or intelligent tutoring?

	
	
	

	



	
	
	

	Human Factors Engineering (HFE) Requirements
	
	
	

	62) does the plan describe how HFE will be applied to the system design effort? 

	
	
	

	


	
	
	

	63) does the plan require that HFE shall be an integral part of the planning and conceptual efforts, development projects, and acquisition programs to include modifications?


	
	
	

	

	
	
	

	64) does the plan require that an HFE program will be established? 

	
	
	

	




	
	
	

	HSIP Evaluation Criteria
	Status
	Trend
	Comments

	65) does the plan require that the capabilities and limitations of the operator, maintainer and other support personnel shall be identified early enough to impact the design?

	
	
	

	
	
	
	

	66) does the plan require that MPTS and health hazard concerns will be translated into man-machine interface design issues? 

	
	
	

	

	
	
	

	67) does the plan require that automation strategies take into account human situation awareness requirements?

	
	
	

	



	
	
	

	68) does the plan include a goal  to ensure that the system is designed to accommodate personnel requirements in a reduced manning environment?

	
	
	

	




	
	
	

	69) do HFE goals address the identification of expected human performance and workload problems, and strategies for the elimination or reduction of these problems?

	
	
	

	




	
	
	

	70) do HFE goals address how human-machine interface requirements will be developed from the top down requirements analysis?


	
	
	

	

	
	
	

	Safety and Health Hazard Requirements
	
	
	

	71) does the plan address how system safety engineering will identify, evaluate, and eliminate or control safety and health hazards?

	
	
	

	

	
	
	

	72) does the plan summarize how safety and health hazard lessons learned are being applied to the new system?

	
	
	

	



	
	
	

	73) does the plan require that system safety, health hazards, and environmental considerations shall be an integral part of the systems engineering process?

	
	
	

	
	
	
	

	74) does the plan define how to identify and reduce hazards?

	
	
	

	


	
	
	

	HSIP Evaluation Criteria
	Status
	Trend
	Comments

	75) does the plan require that appropriate system safety and health hazard objectives shall be established early in the program and used to guide system safety and health hazard activities and the decision process?

	
	
	

	




	
	
	

	76) do system safety goals address identification of any known safety problems in the predecessor system,  and how to eliminate these problems?

	
	
	

	
	
	
	

	77) is there a goal to establish a system safety program to ensure that safety issues detected during system development are eliminated?

	
	
	

	




	
	
	

	78) is there a health hazard goal to identify any known health hazards in the predecessor system,  and describe how to eliminate these hazards?

	
	
	

	




	
	
	

	79) is there a goal to establish a health hazard assessment program to ensure that hazards detected during system development are eliminated?

	
	
	

	

	
	
	

	Test and Evaluation
	
	
	

	80) does the HSIP require that the TEMP address human performance issues to provide data to validate that MPT, systems safety, and health design requirements have been met?

	
	
	

	




	
	
	

	81) does the HSIP require that system testing be accomplished under operationally realistic conditions using personnel deemed to be typical users?

	
	
	

	
	
	
	


Appendix B

Evaluation of HSI at Milestone A
In evaluating the HSI aspects of the acquisition program at Milestone A, the following assessments must be made:

1. Evaluate the HSI Program

· Does  the HSI Program  address requirements for subcontractors and suppliers?

· Is there an HSI IPT and/or an active HSI Joint Working Group?

· Does the HSI Program provide for technical evaluations?

· Are sufficient stable resources available for conducting the HSI Program as planned?

· Are personnel assigned to the HSI program qualified in the individual HSI domains?

· Are there factors which increase the risk of attaining the stated HSI objectives?

· Are schedules realistic?

· Are funding levels adequate?

· Are interfaces with other elements of the system engineering program adequate?
2. Evaluate the HSI Front-End Analysis

· Does the analysis contains the results of:  mission analyses, functional analyses, system requirements analysis, functional allocations, position description development, and task analysis.?

· Are functional analyses  based on mission requirements  and not on design, do system requirements reflect system capability requirements and not design concepts.  

· Are the criteria for function allocations  clear?   are capabilities of people versus machines addressed in the functional allocations?   are allocations consistent across systems and operating conditions?  Are crew  position descriptions   based on functions for the position and do they include duties, jobs, responsibilities, levels of authority, tasks and decisions?  Are  assignment of duties and tasks to each position  realistic?  Are  duties and jobs  consistent with those found in existing systems?   Are task sequences by position and task requirements  complete?  

· Is there a  task analyses and does it include information, control authority, and decisions needed to complete the task?  

3. Evaluate HSI involvement in the AoA

· Are  alternative approaches for the role of the human in the operation and maintenance of the system identified  for each design alternative?

· Has there been an HSI assessment and tradeoff  of design alternatives?

· Have  manpower requirements and manpower sources for each alternative concept been identified?

· Have training requirements been identified  and has the expected effectiveness of training systems for each alternative concept been defined?

· Have results of HSI studies, analyses, and tradeoffs of alternative design concepts been provided?

· Have  HSI inputs to life cycle costs for each alternative concept been provided?

· Have  human factors engineering and safety/health hazards lessons learned been applied for each alternative concept?

· Have  HSI test and evaluation requirements for each alternative concept been identified?

Appendix C

Evaluation of HSI at Milestone B

In evaluating the HSI program at Milestone B, the following assessments should be included:

1.  Evaluate the Manning Analysis

· Verify that the manning concept does not exceed the threshold.

· Verify that the manning analysis addresses manning requirements for all control environments, evolutions, organizational elements, readiness conditions, and missions;

· Verify that  the sources of manpower for the system are identified over its lifetime and  new occupations are identified;  

· Determine if  manpower estimates are realistic,  if attendant support requirements are realistic, and  if implications of reduced manning for human safety and workloads and machine capacity have been addressed.

2. Evaluate Top Down Front-End Analysis 

· Determine that the analysis contains the results of:  mission analyses, functional analyses, system requirements analysis, functional allocations, position description development, and task analysis. 

· Verify that functional analyses are based on mission requirements not on design, that system requirements reflect system capability requirements and not on preconceived design concepts.  

· Verify that  criteria for allocations are clear,  that capabilities of people versus machines are addressed in the functional allocations, which are consistent across systems and operating conditions, that position descriptions are based on functions for the position and include duties, jobs, responsibilities, levels of authority, tasks and decisions, that assignment of duties and tasks to each position is realistic, that duties and jobs are consistent with those found in existing systems, and that task sequences by position and task requirements are complete.  

· Determine that task requirements analyses includes information, control authority, and decisions needed to complete the task.  

3.  Evaluate the Life Support/Safety Plan

· Determine that the plan includes procedures & requirements for the design for safety; design for habitability; design of environmental factors and controls; design, location and operation  of emergency equipment; and design and  location of protective clothing. 

4. Evaluate Human-Machine Interface (HMI) Design Concepts

· Verify  that the number of watchstations is reduced, and  that workloads required at each watchstation are reduced; 

· Verify that concepts are presented for all  human- machine interfaces;

· Verify that concepts reflect concerns for manning and skill levels of personnel; 

· Verify that concepts for maintainability design are included;

· Assess that designs depicted in drawings conform to ASTM 1166;  

· Verify that maintenance workspace and accessibility are evident in facility drawings;

· Verify that there is a formal Manning/HSI sign- off of drawings. 

· Verify that standardization and commonality are  addressed in the design of  human-machine interfaces

· Verify that human workloads and human performance requirements are assessed through human performance and task modeling,  task network simulation, and human-in-the-loop simulation,  

· Verify that human engineering design standards are applied to reduce human error potential. 

  5.  Evaluate the Conceptual Design to support Human Performance

· Verify that human performance risks have been addressed;

· Verify that the design concepts have avoided tasks/conditions which increase the likelihood of human error. 

· Verify that the design concepts have avoided tasks  which are at or beyond human physical performance capabilities.

· Verify that concepts have avoided tasks at or beyond human cognitive  performance capabilities.

· Verify concepts have avoided tasks which contribute to unsatisfactory team performance/interaction.

6.  Evaluate the HSIP

· Verify that the plan include subplans for:  human factors engineering;  manpower, personnel and training ;  safety and health hazard avoidance;  HSI test and evaluation 

· Verify that the plan includes:  schedule and milestones;  human-loading estimates;  descriptions of the experience levels of assigned personnel;  facility and equipment requirements ;  additional resources required ;  program funding requirements 

· Determine that schedules and manpower estimates, resource requirements, and funding requirements are realistic 

· Verify that the plan identifies interfaces between the HSI program and the engineering design program 

· Verify  that the plan identifies points in the schedule where program products will be formally reviewed 

· Verify that the plan identifies potential problem areas and proposed methods of resolution 

· Verify that the plan identifies program products as they are developed within the schedule 

· Verify that procedures for quality assurance of HSI efforts are clearly defined 

· Verify that schedules and resource requirements  are consistent across elements 

· Verify  that the design for operability requirements are consistent with the requirements for design for maintainability for the same equipment 

· Verify that HSI program products will be produced in time to have an impact on system design 

· Verify that sufficient time has been allocated for design reviews and test and evaluation exercises 

Appendix D

Evaluation of HSI at Milestone C

In the conduct of an evaluation of the HSI program at Milestone C the following evaluation criteria should be addressed:

Assessment of the results of the Top Down Requirements Analysis

Evaluate the Manning Analysis


· Verify that the manning concept does not require more than the number of personnel identified in the objective.


· Verify that if more personnel are required  than the objective, but less than the threshold,  a rationale is provided for the excess in terms of affordability and risk.

· Verify that the manning analysis addresses manning requirements for all control environments, evolutions, organizational elements, readiness conditions, and missions;

· Verify that manning of legacy systems is considered in the definition of emerging system manning;

· Determine if  manpower estimates are realistic,  if attendant support requirements are realistic, and  if implications of reduced manning for human safety and workloads and machine capacity have been addressed.


Evaluate Top Down Front-End Analysis 


· Determine that the analysis contains the results of:  mission analyses, functional analyses, system requirements analysis, functional allocations, position description development, and task analysis. 


· Verify that functional analyses are based on mission requirements,  not on a design concept, that system requirements reflect system capability requirements and  not on preconceived design concepts.  


· Verify that  criteria for allocations are clear,  that capabilities of people versus machines are addressed in the functional allocations, which are consistent across systems and operating conditions, that position descriptions are based on functions for the position and include duties, jobs, responsibilities, levels of authority, tasks and decisions, that assignment of duties and tasks to each position is realistic, that duties and jobs are consistent with those found in existing systems, and that task sequences by position and task requirements are complete.  


· Determine that task requirements analyses includes information, control authority, and decisions needed to complete the task.  


Evaluate  the staffing concept

· verify that the analysis  addresses staffing requirements for all systems, subsystems, readiness conditions, and missions

· verify that the analysis  addresses estimates for staffing requirements by work  center
 

· verify that the requirements for special skills are available

· verify staffing requirements include estimates of special skills and knowledge

· verify staffing requirements include estimates of duty cycle by station

· verify that  staffing estimates are consistent across system, subsystems, and readiness conditions

· determine if implications of reduced staffing in workloads and machine capacity have been addressed

Evaluate the Assigned Role of the Human Vice Automation

· verify that the role-of-human in automated tasks is  defined

· determine if the analysis makes it clear if the human or machine will perform information acquisition,  information  update/entry,  information processing,  dissemination

· determine if the analysis makes it clear if the human or machine will perform decision making

· determine if the analysis makes it clear if the human or machine will perform initiation of response

· determine that  functional allocations are described for failure, backup, and contingency modes

· determine that  operator workloads are realistic

Evaluate training concepts

· verify that the training analysis addresses  training of operators and maintainers at all workstations and duty positions

· verify that the training analysis addresses  all requirements for training devices, trainers, and part task and full task simulators

· verify that the training analysis addresses  training requirements based on  job requirements

· verify that training requirements are identified in time to allow for development of new facilities/devices

· verify that the analysis  addresses  lessons learned from similar system training evaluations.

Evaluate training device concepts

· verify training device requirements include specific skills to be acquired

· verify training device requirements include criteria for judging skills are learned

· verify that  training device requirements include performance measures

· verify training device requirements include level of fidelity to actual systems

· verify that  training device requirements include device supportability/maintainability

· verify training device requirements include estimated life cycle costs

· verify that  training device design requirements are based on use of prompting and cueing

· verify that  training device design requirements are  based on use of branching-programming

· verify that  training device design requirements are  based on degree of flexibility to different system configurations

· verify that training device design requirements are  based on embedded training requirements

Evaluate Human Machine Interface Requirements


· Verify  that the number of watchstations is reduced, and  that workloads required at each watchstation are reduced; 


· Verify that concepts are presented for all  human machine interfaces;


· Verify that concepts reflect concerns for manning and skill levels of personnel; 

· Verify that concepts for maintainability design are included;


· Assess that designs depicted in drawings conform to ASTM 1166;  


· Verify that maintenance workspace and accessibility are evident in facility drawings;

· Verify that there is a formal  HSI sign- off of drawings. 


· Verify that standardization and commonality are  addressed in HMI design.


· Verify that human workloads and human performance requirements are assessed through human performance and task modeling,  task network simulation, and human-in-the-loop simulation,  


· Verify that human engineering design standards are applied to reduce human error potential. 


Evaluate the Conceptual Design to support Human Performance


· Verify that human performance risks have been addressed;


· Verify that the design concepts have addressed tasks/conditions which increase the likelihood of human error. 


· Verify that the design concepts have addressed identifying tasks  which are at or beyond human physical performance capabilities.


· Verify that concepts address tasks at or beyond human cognitive  performance capabilities.


· Verify that concepts address tasks/ conditions which contribute to excessive workloads.


· Verify that the design concepts have addressed identifying tasks or conditions which contribute to inadequate productivity.

· Verify concepts address tasks which contribute to unsatisfactory team performance/interaction.


Evaluate design for operability and interoperability

Evaluate the Human Factors Engineering Design:

· verify operator performance capability has been demonstrated to meet performance requirements

· verify that  designs are based on human-machine studies and walkthroughs

· verify that  error likelihood analyses have been performed to identify types of performance errors associated with the design approach

· verify that  HSI specialists have been delegated sign-off authority over console and panel designs

· verify that proposal evaluation criteria include HSI concerns

· verify that  operational procedures have been developed

Assess workstation concepts

· verify that  tasks associated with controls and displays have been identified

· verify that the workstation design is consistent with MIL-STD-1472 and/or ASTM-1166

· verify that warnings are provided for hazardous operations/maintenance actions at the workstation

· verify that operator/maintainer anthropometry been applied to workstation design

· verify that workstation panels are operable when operators are wearing protective clothing

Evaluate Design for Usability

Assess Usability Design Process

· have requirements for human-computer interface (HCI) been identified?

· have requirements for specific HCI features been identified?

· have  studies and simulations to develop and evaluate alternate HCI  concepts been conducted?

· have information requirements been identified

· have  User Acceptance Tests been conducted

· has production software and accompanying documentation been completed

· Are HCI concepts based on studies and simulations

Evaluate Design for Habitability  

· have facility human functions and associated facility requirements been identified?

· has the design effort identified access safety requirements?

· have requirements for inhabiting the facility  been identified?

· have requirements for accessing a workspace within the facility  been identified?

· have requirements for performing facility operations  been identified?

· have requirements for performing maintenance in the facility  been identified?

· have requirements for responding to alarms in the facility  been identified?

· have requirements for communicating within the facility  been identified?

· verify that arrangement designs include consideration of requirements for maintenance access

· verify that safety hazards are shielded or guarded

Evaluate  Communications Concepts

· verify that sufficient communication devices and systems have been provided for all communication requirements

· verify that speech intelligibility evaluations for the new system have been conducted or are  planned

· verify that message samples, noise conditions, and device fidelity are acceptable in terms of HSI standards

· verify that messages are standardized and are based on constrained language, controlled syntax, and restricted vocabulary

 

· verify that an error likelihood analysis was conducted to identify potential errors in message transmission

· verify that the range of potential environments (especially noise and vibration) were considered in design of stations

Evaluate Design for  Maintainability 

· does the maintenance analysis include drawings or photographs of each equipment having a  maintainer interface

· does the analysis include technical documentation requirements

· does the analysis include maintenance procedures and decision criteria

· does the analysis identify each item of equipment requiring maintenance

· does the analysis include a complete maintenance task analyses for selected items

· does the analysis include maintainability design requirements for maintenance information requirements

· does the analysis include maintainability design requirements for design for accessibility

· does the analysis include maintainability design requirements for safety design requirements

· does the analysis include design requirements and approaches for annunciators and alarms

Evaluate Design for Supportability 

· have information presentation concepts been identified?

· have studies and simulations been conducted  to develop alternative concepts and to evaluate competing procedures and documentation information presentation concepts?

· have tradeoff criteria been developed from requirements?

· have design criteria for selected concepts been developed?

· have studies and analyses been conducted to develop training device concepts?

Evaluate Design for Safety 

· has a System Safety Program Plan been developed? 

· have preliminary engineering designs for safety been developed?

· have hazards identified during the earlier phases been eliminated or the associated risks reduced to an acceptable level?

· have system safety requirements in system specification/design documents been completed?

· have results of safety testing, other system tests, failure analyses and mishap investigations been collected?

· do production and manufacturing control data contain required warnings, cautions, and special safety procedures?

· was testing and evaluation performed on early production hardware to detect and correct safety deficiencies at the earliest opportunity?

· is minimum risk involved in accepting and using new designs, materials, and production and test techniques?

Evaluation of HSI inputs to procurement documentation 

· Do RFP’s include  HSI issues?

· Are performance specifications identified  for inclusion in RFP’s?

· Are HSI evaluation criteria for the statement of work (SOW), system specification, data reporting requirements, identified?

· Are  HSI inputs provided to RFP preparation to be applied to the  system specification, that describes what the Navy wants the product to do, under existing conditions and constraints

· Are  HSI inputs provided to RFP preparation to be applied to the instructions to offerors, that provides guidance on assumptions and objectives concerning human performance, productivity, and safety. 

· Are  HSI inputs provided to RFP preparation to be applied to the proposal evaluation criteria, that explains to the offeror how the proposal will be evaluated by the Source Selection Evaluation Board

Appendix E

Assess HSI at the End of Production and Deployment

Assess installations

· has space layout for equipment installation been identified?

· have equipment configuration requirements been identified?

· have access/egress requirements  been identified?

· has a user task analyses been conducted?

· have safety & health requirements been identified?

· have environmental requirements been identified?

· have signs/labels/marking requirements been identified?

· have potential problems with installation been identified?

· have studies been conducted to identify installation concepts? 

· has an HSI design evaluation been conducted?

Assess  HSI inputs to Engineering Change Proposals

· have HSI  lessons learned been identified for the element?

· have relevant human functions been identified?

· have human-hardware interfaces been identified?

· has HSI test and evaluation been conducted to identify problems and/or validate lessons learned data?

· have features to be evaluated in drawings been identified?

· are stowage locations identified as such, are they readily accessible, and are they expected to provide adequate storage?

· are maintenance workstations identified as such and do they provide sufficient space for safe and easy access to components for maintenance?

· have HSI  inputs to ECPs been prepared?

Appendix F

Evaluation Criteria for Prototype to Production Acquisition

HSI Modeling and Simulation Plan

In the evaluation of a modeling and simulation plan the following issues should be addressed:

· Is there a plan for identifying and selecting  HSI models for use in design and evaluation?

· Does the plan provide for developing criteria for selecting  HSI  models to ensure that they demonstrate functions allocated to operators and associated  task performances?  

· Does the plan address fidelity requirements relative to the  HSI functions and tasks necessary to validate requirements and mission analyses?

· Does the plan provide for criteria in selecting verification and validation (V&V) methods appropriate for HSI models and associated federation techniques selected by industry?  

· Does the plan reflect a phased approach to V&V that accounts for the maturity of  HSI design?

· Does the strategy address criteria for use of simulations and warfighter -in- the-loop methods to demonstrate human machine interface design, including management of operator uncertainty and ambiguity of tactical data?

· Does the plan adequately address experimental controls to be implemented to ensure simulation data reliability?

· Does the plan adequately address sampling of test subject characteristics and real world attributes to enhance the validity and generalizability of the data?
Risk Assessment

The system prototype will be evaluated to assess the risks associated with the design concept.  Specific evaluation factors for assessing prototype risk are as follows:

· does the HSI risk analysis identify alternatives to the high risk technologies?

· does the HSI risk analysis identify risks due to operational staffing levels?

· does the HSI risk analysis identify risks due to maintenance staffing levels?

· does the HSI risk analysis identify risks due to training costs?

· does the HSI risk analysis identify risks due to extended down time/system non-availability?

· does the HSI risk analysis identify risks due to excessive time to repair?

· does the HSI risk analysis identify risks due to excessive supportability requirements?

· does the HSI risk analysis identify risks due to excessive accident rates?

· does the HSI risk analysis integrate/assess cost risks?

· does the HSI risk analysis identify risks due to non-availability of data?

· does the HSI risk analysis identify risks due to non-availability of tools and methods?

· does the HSI risk analysis identify risks due to non-availability of technology?

· does the HSI risk analysis integrate/assess schedule risks?

· does the HSI risk analysis identify alternative design concepts which do not  provide  safety-related equipment, safeguards, and possible alternate approaches such as interlocks, system redundancy, subsystem protection, fire suppression systems, personal protective equipment, industrial ventilation, and noise or radiation barriers?

· does the HSI risk analysis identify risks due to expected accident rates?

Affordability Assessment 

The prototype system affordability will be evaluated specifically for HSI elements of risk.  Specific evaluation factors for assessing prototype affordability are as follows:

· does the prototype result in reduced acquisition costs through HFE/MPT/safety and health integration?

· does the prototype result in reduced acquisition costs through reduced need to redesign systems and equipment to resolve unmet user needs?

· does the prototype result in reduced life cycle costs through reduced manning?

· does the prototype result in reduced life cycle costs through reduced training time and training pipelines?

· does the prototype result in reduced life cycle costs through reduced accident rates?

· does the prototype result in reduced life cycle costs through reduced human error rates?

· does the prototype result in reduced life cycle costs through reduced time to repair?

· does the prototype result in reduced life cycle costs through reduced supportability requirements?

· does the prototype result in reduced life cycle costs through reduced system downtime?

· does the prototype result in reduced life cycle costs through reduced personnel non-availability? 


Human-Machine Interface Assessment

In the assessment of prototype human machine interfaces (HMI) specific evaluation factors  are as follows:

· Verify  that the number of watchstations is reduced, and  that workloads required at each watchstation are reduced; 


· Evaluate  the extent to which tradeoff criteria are presented, and human systems integration concerns are included;


· Verify that concepts are presented for all  human- machine interfaces;


· Verify that concepts reflect concerns for biomedical effects, safety, and environmental effects; 


· Verify that concepts reflect concerns for manning and skill levels of personnel; 

· Verify that concepts for maintainability design are included;


· Assess that designs depicted in drawings conform to ASTM 1166;  


· Verify that maintenance workspace and accessibility are evident in facility drawings;

· Verify that there is a formal Manning/HSI sign- off of drawings. 


· Verify that standardization and commonality are  addressed in the design of  human-machine interfaces


· Verify that unique human interface requirements, documentation needs, and special software certifications are identified


· Verify that characteristics of automated decision support systems,  such as the operator's associate,  are identified,


· Verify that human workloads and human performance requirements are assessed through human performance and task modeling,  task network simulation, and human-in-the-loop simulation,  


· Verify that human engineering design standards are applied to reduce human error potential. 


· Verify that human performance risks have been addressed;


· Verify that the design concepts have addressed tasks/conditions which increase the likelihood of human error. 


· Verify that the design concepts have addressed identifying tasks  which are at or beyond human physical performance capabilities.


· Verify that concepts address tasks at or beyond human cognitive  performance capabilities.


· Verify that concepts address tasks/ conditions which contribute to excessive workloads.


· Verify that the design concepts have addressed identifying tasks or conditions which contribute to inadequate productivity.

· Verify concepts address tasks which contribute to unsatisfactory team performance/interaction.

Usability Assessment

The prototype system design for usability  will be evaluated specifically for HSI elements of risk. Specific evaluation factors for assessing prototype design for usability are as follows:

· have requirements for human-computer interface (HCI) been identified?

· have tasks requiring a human-computer interface been identified?

· have requirements for specific HCI features been identified?

· have  studies and simulations to develop and evaluate alternate HCI  concepts been conducted?

· has an identification been made of who will use the workstation 

· have functions been allocated to human or machine performance

· was a cognitive task analysis performed to identify the actions the equipment and human must take in order to accomplish human cognitive functions and provide a ba​sis in which the tasks identified can be analyzed to determine what information is required in order to support these tasks.  

· have information requirements been identified

· have display elements been identified 

· have user needs been identified

· has the interface been mocked up

· has rapid prototyping been conducted

· have  User Acceptance Tests been conducted

· has production software and ac​companying documentation been completed

· is the design of Human-computer interfaces complete


Interoperability Assessment

The prototype system design for interoperability  will be evaluated specifically for HSI elements of risk. Specific evaluation factors for assessing prototype design for interoperability are as follows:

· are there standards for common displays,  display formats, feedback, alerts and alarms?

· are there standards for common and consistent procedures and methods for system operation and maintenance?

· are there standards for common protocols and architectures for information retrieval, integration,  and dissemination?

· are there standards for common verbal and written  communications message structure,  format, syntax,  and semantics?

· are there techniques in place for visualization of system architecture to depict system structure?

· are there techniques in place for visualization of system architecture to depict the system environment?

· are there techniques in place for visualization of system architecture to facilitate navigation through the architecture?

· are there standards for common tactical frames of reference to enhance communications?

· are there standards for common tactical frames of reference to support decision making?

· are there standards for common tactical frames of reference to facilitate maintaining situation awareness and tactical perspective?

Safety Assessment 

The prototype system design for safety  will be evaluated specifically for HSI elements of risk. Specific evaluation factors for assessing prototype design for safety are as follows:

· has a System Safety Program Plan been developed? 

· have engineering designs for safety been developed?

· have safety design requirements been developed?

· have hazards identified during the earlier phases been eliminated or the associated risks reduced to an acceptable level?

· have system safety requirements in system specification/design documents been completed?

· have safety and health analyses been completed?

· have hazards identified by analyses and tests been eliminated or their associated risk controlled?  

· has need for special tests to demonstrate or verify system safety functions been identified?  

· have analyses, inspection, and test requirements for other contractors' or GFE/GFP (hardware, software, and facilities) to verify prior to use that applicable system safety requirements are satisfied  been prepared?

· have results of safety testing, other system tests, failure analyses and mishap investigations been collected?

· have safety considerations or tradeoff studies been identified?

· have appropriate engineering documentation (drawings, specifications, etc.) been reviewed to make sure safety considerations have been incorporated?

· has the adequacy of safety and warning devices, life support equipment, and personal protective equipment  been identified?

· has need for safety training and provide safety inputs to training courses been identified?

· have safety provisions been included in the planning and layout of the production line? 

· are adequate safety provisions included in inspections, tests, procedures, and checklists for quality control of the equipment being manufactured? 

· do production and manufacturing control data contain required warnings, cautions, and special safety procedures?

· was testing and evaluation performed on early production hardware to detect and correct safety deficiencies at the earliest opportunity?

· is minimum risk involved in accepting and using new designs, materials, and production and test techniques?

Habitability Assessment

The prototype system design for habitability  will be evaluated specifically for HSI elements of risk. Specific evaluation factors for assessing prototype design for habitability are as follows:

· have facility human functions and associated facility requirements been identified?

· have traffic pattern requirements  been identified?

· have facility staffing requirements  been identified?

· have requirements for responding to alarms in the facility  been identified?

· have requirements for communicating within the facility  been identified?

· have requirements for accessing and using emergency  equipment in the facility  been identified?

· have facility design problems been identified from feedback systems?

· have alternative facility concepts been developed?

· Are HSI concepts based on requirements for users to perform facility maintenance-arrangement of equipment and components

· verify that likely errors have been identified for each facility

· verify that  human-machine interface designs (hand holds, steps, passageways, etc.) comply with criteria of MIL-STD-1472  and/or ASTM-1166

· verify that arrangement designs include consideration of requirements for maintenance access

· verify that provisions for environmental protection have been  included in the design

Appendix G

Evaluation of the HSI Implementation of COTS NDI

The evaluation of the application of HSI to NDI will address the following:

1.
Identify equipment to be assessed for HSI problems or positive aspects and determine where (on what systems or other platforms) the equipment has had operational experience.

2.
identify technique for collecting data on potential HSI problems/positive aspects for NDI

· Manpower , Personnel and Training  analysis - go to step 3

· Safety & Health evaluation - go to step 4

· Human engineering evaluation - go to step 5 

· 3-M data evaluation - go to step 6

· test and evaluation - go to step 7

· training audits - go to step 8 

· incident reports at TYCOM or NAVSEA - go to step 9

· casualty reports (CASREPS) exist - go to step 10

· INSURV data - go to step 11

· FLTEX data  - go to step 12

· Commanding Officer Narrative Reports (CONARs) - to step 13

· JAG investigation reports - go to step 14

· message traffic  - go to step 15

· ship personnel interviews  - go to step 16

· HSI observations/evaluations - go to step 17

3.
Determine if a Manpower , Personnel and Training (MPT) Analysis has been conducted for the equipment

3.1
If no - go to step 8.0 

3.2
If yes - assess the results of the Manpower , Personnel and Training Analysis 

3.2.1
Assess the Manpower Requirements Analysis  to identify the qualitative and quantitative manpower requirements, manpower required to operate and maintain the system, maintenance workload  for each equipment item, and standard-position, supervisory, and policy-driven manpower requirements

3.2.2
Assess the Personnel Pipeline Analysis 

3.2.3
Assess the Training Resource Requirements Analysis 

3.2.4
Assess manpower requirements

3.2.5
Assess training provisions

4.
Determine if a Safety Hazard Analysis has been conducted for the equipment

4.1
If no - proceed to step 7

4.2
If yes - evaluate the results of the analysis

4.2.1
Review the  Preliminary Hazard Analysis (PHA) to identify safety  critical areas, evaluate hazards, and identify the safety design criteria  to be used.      

5.
Determine if a human engineering assessment has been conducted for the equipment

5.1
If no - proceed to step 7

5.2
If yes - identify human engineering/human performance problems

6.
Determine if  3-M data exist for the equipment

6.1
If no - proceed to step 7

6.2
If yes - review 3-M  data as follows 

6.2.1
determine what EIC code is associated with the equipment

6.2.2
retrieve 2-K reports for the equipment

6.2.3
review block 8 cause codes

6.2.4
review block 9 deferral codes

6.2.5
review block 15 - safety hazard identified?

7. 
Determine if  test and evaluation data exist at OPTEVFOR or NAVSEA

7.1
If no - proceed to step 8,  9,  10,  11,  12,  13,  14, or 15

7.2
If yes - review sections of T&E reports that address design issues, including the design for:  operability,   maintainability, safety,  survivability,  supportability,  usability,   habitability, installability/erectability,  affordability, and  interoperability. 

7.3
Review sections of T&E reports that address MPT

8.
Determine if  training audits exist

8.1 If no - proceed to step 16

8.2
If yes - review results of audits

8.2.1
Assess Training Effectiveness

8.2.2
Assess training devices


9.
Determine if incident reports  exist at TYCOM or SYSCOMs which address HSI issues

9.1
If no - proceed to step 10

9.2
If yes - review incident reports

9.2.1
Identify where incidents were caused by inadequate human performance

9.2.2
Identify where incidents were caused by inadequate manning

9.2.3
Identify where incidents were caused by inadequate training

9.2.4
Identify where incidents were caused by inadequate procedures

9.2.5
Identify where incidents were caused by inadequate design

9.2.6
Identify where incidents were caused by inadequate organization

10.
 Determine if any casualty reports (CASREPS) exist

10.1 If no - proceed to step 11

10.2 If yes - review casualty reports

10.2.1 Identify where casualties were caused by human performance

10.2.2 Identify where casualties were caused by inadequate manning

10.2.3 Identify where casualties were caused by inadequate training

10.2.4 Identify where casualties were caused by inadequate procedures

10.2.5 Identify where casualties were caused by inadequate design

10.2.6 Identify where casualties were caused by inadequate organization

11.
 Determine if INSURV data exist which indicate HSI problems

11.1 If no - proceed to step 12

11.2 If yes - review casualty reports

11.2.1 Identify where problems were caused by human performance

11.2.2 Identify where problems were caused by inadequate manning

11.2.3 Identify where problems were caused by inadequate training

11.2.4 Identify where problems were caused by inadequate procedures

11.2.5 Identify where problems were caused by inadequate design

11.2.6 Identify where problems were caused by inadequate organization

12.
 Determine if FLTEX data exist which indicate HSI problems

12.1 If no - proceed to step 13

12.2 If yes - review casualty reports

12.2.1 Identify where problems were caused by human performance

12.2.2 Identify where problems were caused by inadequate manning

12.2.3 Identify where problems were caused by inadequate training

12.2.4 Identify where problems were caused by inadequate procedures

12.2.5 Identify where problems were caused by inadequate design

12.2.6 Identify where problems were caused by inadequate organization

13.
 Determine if Commanding Officer Narrative Reports (CONARs) exist which indicate HSI problems

1 If no - proceed to step 14

2 If yes - review casualty reports

2.1 Identify where problems were caused by human performance

2.2 Identify where problems were caused by inadequate manning

2.3 Identify where problems were caused by inadequate training

2.4 Identify where problems were caused by inadequate procedures

2.5 Identify where problems were caused by inadequate design

2.6 Identify where problems were caused by inadequate organization

14.
 Determine if any JAG investigation reports exist which indicate HSI problems

14.1 If no - proceed to step 15

14.2 If yes - review casualty reports

14.2.1 Identify where problems were caused by human performance

14.2.2 Identify where problems were caused by inadequate manning

14.2.3 Identify where problems were caused by inadequate training

14.2.4 Identify where problems were caused by inadequate procedures

14.2.5 Identify where problems were caused by inadequate design

14.2.6 Identify where problems were caused by inadequate organization

15. 
Determine if message traffic indicates problems or positive aspects of the equipment

15.1 If no - proceed to step 16.0

15.2 If yes - review casualty reports

15.2.1 Identify where problems were caused by human performance

15.2.2 Identify where problems were caused by inadequate manning

15.2.3 Identify where problems were caused by inadequate training

15.2.4 Identify where problems were caused by inadequate procedures

15.2.5 Identify where problems were caused by inadequate design

15.2.6 Identify where problems were caused by inadequate organization

16.
 Conduct interviews  of  ship personnel concerning HSI issues with the equipment

16.1 Determine if interviews are warranted, feasible, and required

16.1 If no - proceed to step 17.0

16.2 If yes - plan and conduct interviews

17.
 Conduct HSI observations/evaluations at the worksite

17.1 Determine if observations and on-site evaluations are warranted, feasible, and  required

17.1 
If no - proceed to step 4,  5,  6,  7,  8,  9, 10,  11,  12,  13,  14,  15, or 16

17.2 
If yes - plan and conduct observations/evaluations

· identify situations where human error could be a problem

· identify situations where human performance could be a problem

· identify situations where team performance could be a problem

· identify situations where manning could be a problem

· identify situations where skill level could be a problem

· identify where training could be a problem

· identify where documentation could be a problem

· identify where information management could be a problem

· identify where organizational factors could be a problem

· identify situations where equipment design has been a problem

· identify situations where workplace layout has been a problem

· identify situations where arrangements have been a problem

· identify where equipment installation has been a problem

· identify where environmental factors have been a problem

· identify positive aspects of HSI design approach

Table 1 Human Systems Integration Issues by Domain
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Figure 7.  HSI Process for NDI Implementation





Figure 5. The HSI Process in Modernization
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