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Human Factors Lit Review Analysis

Yellow Section
Human Factors definitions

Optimal match between humans, their environments, technology, and the task at hand  Cit 1
Human factors are the study of the interaction between people, machines, and their work environment.  Cit 1
Knowledge from this is used to create systems and work environments to make people more productive. Cit 1
Human factors is the systematic application of relevant information about human abilities, characteristics, behaviors, and motivations to the execution of functions. Cit 1
The development and application of knowledge about human physiology and behavior in the operational environment.  Cit 6

There is a growing recognition that what are classified as 'non-functional requirements' need to be taken seriously and that 'human factors' consist of more than a concern with the interface between an individual and a workstation but may involve the social and organizational environment.  Cit 13.

The application of scientific information about human beings (and scientific methods of acquiring such information) to the problems of design.  Human factors is not: 1) just applying checklists and guidelines; 2) using oneself as the model for designing things; 3) just common sense; 4) a styling exercise. Cit 16.

Human factors is the study of the interrelationships between humans, the tools they use, and the environments in which they live and work.  Cit 19.

HF is the study of how humans accomplish work-related tasks in the context of human machine-system operation and how behavioral and nonbehavioral variables affect that accomplishment.  HF is also the application of behavioral principles to the design, development, testing, and operation of equipment and systems.  Cit 29.

Because of its engineering background, HF is the only behavioral discipline tied to technology. Cit 29.
Human factors or Ergonomics in Europe:  refers to the designing of equipment, machines, or systems to accommodate the characteristics, expectations, and behaviors of the humans who use them in their everyday working and living environments.  Cit 37.

Human Factors is a discipline that seeks to improve human performance in the use of equipment by means of hardware and software design that is compatible with the abilities of the user population. 

Cit 41. 

An applied science focused on minimizing human errors and optimizing performance where human beings interface with a device.  Cit 43.
HF is the study of the physical characteristics and limitations of humans which can be further subdivided into physical and anatomical characteristics.  Cit 43.

HF engineering in dynamic design is the process of translating the specification for operator tasks into a specification for the design of human system interfaces, workspaces, workplace, and the environment. Cit 48.
Human Factors Engineering: the engineering and scientific discipline concerned with people in complex systems, workplaces, workstations, facilities, organizations, and jobs.  It is directed at human behavior, human performance, human capabilities, human utilization, and human safety and health. Cit 67.

Techniques to extract detailed information about system performance and risks to safety. Cit 82.
The study of how human beings interact with their environment for useful purposes. Cit 84.
Usability evaluation:  level of refinement of the user interface considered or the amount of user involvement in the evaluation. Cit 88.
Human Factors Engineering is the study of human beings and their interactions with products, environments, and equipment in performing tasks and activities. Cit 107.
Synonyms  Ergonomics and Human Factors
Ergonomics  Cit 1
Ergonomics deals with physical aspects of human--computer interaction while, human factors concentrates on human capabilities and limitations, principally cognitive capabilities and limitations.  

ergos (work) and nomos (natural laws)

Cit 1 & 6
Human computer interaction also human machine cooperation:  the situation has its own dynamics with which the operators actions and the machines actions are combined to produce effects; automation introduces autonomous actions of machines on the situation.  Cit 27.
engineering psychology 
Cognitive psychology

The terms usability, engineering, and ergonomics are used interchangeably.  Cit 41.

Cognitive engineering includes proficiency in perception, learning, judgment, and memory when responding to an input.  Cit 43.

Outcomes

Goal of human factors is to enhance the quality of interactions between humans and machines. Cit 1
Pew (1985a) describes six objectives for human factors work:  (easiest to quantify) increased efficiency/productivity; increased reliability; minimum training manpower costs; improved safety and habitability; and increase user appeal and flexibility (most difficult to quantify).  Cit 6
HFE document the psychological properties of people and the design techniques that can be used to create a fit with those properties. Cit 7

The design of technology has to have affinity with human nature to be successful.  The design should begin by identifying a human or societal need and then fulfill that need by tailoring the technology to the specific, relevant human factors.   Cit 7. 

The goal is to allow systems to operate at the edge to maximize competitiveness or efficiency, but without actually breaking the envelope of safety and precipitating accidents.  To operate at the edge five conditions must be met including:  identify the players, decision makers should have explicit work objectives they're responsible for achieving, feedback should be provided at each level, decision makers  should have the capabilities and competencies to interpret feedback, and all players should have commitment to achieve objectives .  Cit 7.

goal of focused attention is to maintain processing of the desired source, and avoid distracting influence of potentially competing sources. Cit 11.

Designers need to ensure that their systems comply with requirements of human-centered automation such as being predictable, accountable, and dependable. Cit 12.
HF has two objectives:  1) enhance the effectiveness and efficiency which work and other activities are carried out including convenience of use, reduced errors, and increased productivity; 2) to enhance certain desirable human values, including improved safety, reduced fatigue and stress, increased comfort, greater user acceptance and increased satisfaction. Cit 16. 

Usability is the most critical factor in a software products success. Cit 16.
Closing in on and exploring the boundaries of the normal and functionally acceptable boundaries of established practice during critical situations necessarily implies the risk of crossing the limits of safe practices.  Cit 17.

No control system will perform better than its measuring channel.  Cit 17.

Human factors design principles: 1) provide users with prompt, salient feedback after each action; 2) Make the function sof the various controls clear and obvious; 3) Make the displayed messages easy to understand; 4) Minimize the load on the users memory; 5) Provide users with reliable shortcuts to increase efficiency; 6) Provide clearly marked exits for the user to leave the system.  Cit 18.
An empirical evaluation of the old and new designs showed that the redesigned interface lead to faster programming times, lower ratings of mental workload, and fewer programming errors.  Cit 18.

Poorly designed medical devices can promote user error and lead to adverse patient outcomes. Cit 19.
Four kinds of failure can be summed up that have implications for HCI design including 1) loss of expertise, 2) complacency, 3) trust and self confidence, and 4) loss of adaptability.  Cit 27.

The goal of HF is to optimize the total system, which means adopting indirect ways of accommodating personnel.  Cit 29.

Human factors has multiple goals.  In the research mode it seeks to understand/explain how variables affect human performance in work, differing from other behavioral sciences only in its emphasis on work.  In the application mode its goal is to optimize the system of which the human is an element; it attempts to improve both human and system efficiency by modifying the interface between the operator and his or her equipment.  Cit 29.  

In the app mode research is considered by practitioners to be of little value unless it can be r/t physical parameters and can provide specific, quick, and quantitative answers to development problems. Cit 29.

It is popularly supposed that the goal of HF design application is to match system requirements with human needs and resources, the assumption being that a proper balance between system characteristics and human capabilities and limitations will optimize both the human and the system.  

Cit 29.

It is possible too that what has happened in computerization is that the frequency distribution of underlying processes required by the task over the range of jobs performed has changed markedly.  Instead of gross motor acts, for example, we now perform fine perceptual or cognitive tasks.  Much of the change in computerized jobs results from the automation of task outputs.  Cit 29.

An almost universally accepted belief among human factors practitioners is that the application of behavioral principles and data to system development results in more effective systems.  Cit 29.
Human factors have three goals:  to predict, to describe, and to control the performance of the human in the system structure.  Cit 29.
People are more likely to commit errors when they are mismatched to the task or when the system is not user friendly. Cit 37.
Human Factors Guidelines:  contain lists of features or elements that should or should not be included in order for the design to be 'human factored'--the goal of these guidelines is to provide ergonomic information and human factors engineering guidelines so that optimum user and patient safety, system safety, and performance, and operator effectiveness will be reflected in design of the medical devices. 

Cit 38.

HCI--The principles of HCI place great importance on making it possible for the user to 1) determine the current state of the device, 2) identify easily which controls can be used to alter the state of the device, and 3) maintain a conceptual model of the device operation that corresponds to the actual operation of the device. Cit 38.

Incoherent, incomplete, or inappropriate mental models have been shown to lead to cumbersome operating sequences, long learning times, gaps in knowledge, and increased error rates.  Well designed interfaces encourage and reinforce the formation of appropriate mental models. Cit 39.
It is clear that human factors engineering issues must be given a higher level of importance in the the design of products and equipment for the delivery of healthcare in this country if we are to be successful in achieving the goal of delivering high quality care in the most cost-effective means. Cit 42.
The payoff to the healthcare provider of using HF is that it results in fewer accidents involving patients, HC personnel, and home users; reduced training costs for device users; and fewer devices the must be recalled or require retrofitting.  Users will also find the devices will be more efficient and more pleasurable to use.  Cit 43.
HF practitioners have begun to realize how CTA can provide powerful tools for understanding healthcare processes.  Cit 47.

Human Factors Engineering results in improvements in efficiency, safety, and user satisfaction. Cit 48.
With function allocation the HF specialist works to understand the relative strengths and weaknesses of human beings, computers, and hardware and to ensure proper allocation of system functions. Cit 48.

Critical Design Requirements:  an essential aspect of HFE..based on task analysis data, the HF specialist can identify those tasks that are critical to the efficient and safe operation of the system. Cit 48.

The emphasis should be on providing the human operator with an operational environment and appropriate information that will allow intervention in a timely and correct manner. Cit 57.

The goal of task allocation is to optimize with respect to such criteria as speed of response, deviations of important variables, availability, and safety. Cit 57.

Computers are increasingly being used to monitor and/or control complex, time-critical physical processes or mechanical devices where run time errors or failure could result in death, injury, loss of property, or environmental harm.  Cit 57.
Few empirical studies have demonstrated circumstances in which warnings change behavior..Although some even claim warnings are not effective  Cit 58.

Human Environment Interaction:  when designing many system interfaces, the central issue is not so much how to facilitate human--computer interaction, but rather how to use the computer as an intermediary to facilitate human--environment interaction.  Cit 62.

The nature of HCI and the impact of system design on this interaction also will take on new importance as the quality of data in integrated databases becomes a growing issue.  Cit 64.
Human Factors Engineering thrust is to integrate human operators, maintainers, and users with system hardware, software, information, procedures, and environments.  The goals are to reduce human error, reduce potential for accidents, enhance usability of systems and equipment, and to optimize performance and safety of people working in systems. Cit 67.
The thrust of HFE in the design of systems is to 1) define roles of humans as opposed to automation, 2) analyze requirements for human performance and safety, 3) to design user interfaces.  Cit 67.

Warning design standards and guidelines accompany the signal word in warnings.  The purpose of the signal icon is to gain attention and communicate the existence of a hazard. ANSI, 1991 Cit 73.
The purpose of this research was too determine how interface designs interact with cognitive style to affect novices ability to learn to use a computer simulation and performance using simulation. Cit 78.
A human computer interface is safety critical when the potential arises for injury or loss of life from defects in the design of the HCI.  Cit 79.

Safety has frequently been compromised and lives have been lost because of operator errors caused by HCI design deficiencies. Cit  79.

The remedy to reduce error is in changing systems of work and in redesign. Cit 80

Often when wrong actions are chosen critical thinking is not being used effectively or is not used to design the process.  Cit 86.

Automaticity: Failure to become analytical in decision making leads to a tendency toward automatic actions that allow even the experienced professional to avoid purposeful thinking. Cit 86.
Lapses and slips:  Largely unconscious and occur most frequently in familiar circumstances when the practitioner is performing familiar automatic tasks.  Lapses are errors in storage of information…the information is not retrievable when it is needed. Cit 86.
Error can be reduced by facilitating more rapid responses after an adverse event and by tracking and providing feedback. Cit 92.
Computer decision support can improve physicians performance and patient outcomes. Cit 92.
Streamlining care, catching and correcting errors, assisting with decisions, and providing feedback on performance.  Cit 92.

Growing sophistication of computers and software should allow information technology to play a vital part in reducing risk of harm.  Cit 92.
System and information quality: user friendly; easy to learn; easy access;  interface increased risk of reduced information awareness; availability of reports. Cit 95.   

HFE used widely in industry to improve operation of complex systems, reduce cognitive r/t poor person machine interface, and to increase comfort levels of workers Cit 107.  

HFE objectives to maximize human and system efficiency and human well being and quality of life (Sanders/McCormick, 5th ed, 1982). Cit 107.

Methods

Use of mental models provide predictive and explanatory powers for understanding interactions Cit 1
Situation Awareness in Decision Making:  systematic method of accounting for all the behavioral interactions between a person and a system, together with the conditions that must be satisfied if the interactions are to be effective.  AKA: Mediation  Cit 6
Perceptual organization is the process by which we apprehend particular relationships among potentially separate stimulus elements. Cit 6.

Technical disciplines such as engineering, favor 'hard data' that is collected through empirical analysis.  Creative disciplines, such as design, favor intuitive visualization and soft data that is collected through methods adapted from social sciences.  Cit 6

Human factors methods must be quantifiable, note performance that must occur and how it will be measured.  Consider time to perform tasks and error rates in performance of those tasks as two variables.  Characteristic based requirements and functional based requirements.  Cit 6.
The human factor is a significant criterion.  Methods to account for human abilities and limitations include flow analysis, function allocation, task description, and task analysis.
Types of human factors research: Observational, evaluative, descriptive, and inferential.  Cit 6.

Activity analysis: accounts for anything a person might do while performing a task. Cit 6.…
Four guidance social behaviors for observers to avoid impediments:  gaining entrée, reciprocity, tolerance for ambiguity, and personal determination coupled with faith in oneself. Cit 6.

Human tech design can overcome confirmation bias, related to psychological limitations, a tendency for humans to seek out information that is consistent with our views and to ignore information that could falsify our views.  Cit 7.
1) Components of perception and data interpretation: a) detection as decision making, b) expectency, context, redundancy, and identification; c) judgments of position and distance; d) mental models and dynamic displays; e) perceptual organization and proximal compatibility.  
2)  Components of comprehension and cognition: a) working memory limitations; b) situation awareness; c) text processing and language comprehension; d) spatial awareness and navigation; e) geographical knowledge; f) navigational aids.  Cit 11.

Workplace studies:  growing body of work concerned with ways in which tools and technologies feature in work and interaction in organizational environments..emerged from both social and cognitive sciences.  Includes social sciences, naturalistic studies, ethnographies of a broad range of organizational domains.  Cit 13.

Sociological studies at the upper levels are based on analysis of samples of organizations or groups of people with no detailed considerations of the actual processes found at the productive bottom level. We need more studies of the vertical interaction among the levels of socio-technical systems with reference to the nature of the technological hazard they are assumed to control.  Cit 17.

Errors can be reduced through human factors design techniques that take into account human capabilities and limitations. Cit 18.
The problem with reductionism in HF is that behavior and performance as one perceives them in action are molar rather than molecular; after one breaks a perfomance or behavioral unit into its elements for analysis or measurement, one must reconstitute them to explain the phenomena meaningfully. Cit 29.
Mission Analysis:  from a behavioral aspect mission analysis has three functions: first to determine what the mission consists of, based on information from planning documents, the system specification, the request for proposal, and previous test results;…second, to determine from this information specific system mission or goals, required inputs and outputs, system capabilities and performance requirements, environmental factors, and constraints on performance...and third to examine what the mission requirement means for system personnel.  Cit 29.

The physical representation of a mental model describes in chronological order the major tasks to be performed, the factors that could significantly influence system performance, starting and ending times, locations, planned changes in system status, expected performance of other systems, and important geographic or climatic features.  Cit 29.

One way to gauge the importance of HED is to test their effects on users mental models...defined as the representation or model that a user adopts to guide his or her actions and help in the interpretation of the devices behavior. Cit 38.

A human factors plan in developing a medical device has 3 phases including 1) understanding the users' needs and their environment, 2) applying knowledge of human characteristics to the design, and 3) validation of the design.  Cit 43.
Cognitive task analysis methods have been used to develop more effective training, to develop computer based technology that supports human processes rather than hindering them and to better understand sources of error so that mistakes can be minimized or averted. Cit 47.
For the HF specialist to be truly effective he or she must first analyze what the user is doing in the larger system and what the user will do with a piece of equipment.  Based on understanding the system and the users' role in it…the HF specialist can make dynamic design recommendations to improve the user’s ability carry out those functions and tasks that are critical to job and system success. Cit 48.
The HF specialist can also develop a test and evaluation strategy that will verify and validate the system's effectiveness, safety, and usability. Cit 48.
Objectives definition:  this is an exercise in which one writes down exactly what the system is supposed to do.  The operational requirement defines actions, action sequences, time, and accuracy.  The requirements specification tells how the system will fulfill user need.  Cit 48.

Functional analysis:  Once objectives of the system are defined the functions must be performed to achieve objectives..this analysis determines how the system will operate at its highest level.  Cit 48.
Predecessor Systems Analysis:  The HF specialist identifies systems that fulfill the same or similar needs or perform the same or similar functions as the developing system….predecessor designs helps us to learn what people did and did not like about a system, maintain the positive aspects of the old system, and correct errors in the new system.  Cit 48.  

Function Allocation:  involves deciding whether human, hardware, or software elements will implement the functions.  Cit 48.  
Target audience description:  a description of the intended users of the developing system and the human performances related to user functions of the system.  Cit 48.
Task Analysis:  A task is an operator activity that includes an immediate purpose, a machine output or consequence of action, and the human inputs, decisions, and outputs needed to accomplish the purpose.  Cit 48.
Workload Analysis:  permits the HF specialist to determine the effort invested by the operator into task performance to successfully complete tasks.  Cit 48.
Alternative Selection Tradeoff Studies:  developmental process of selecting an optimal design…uses weighting measures, Delphi technique and focus groups.  Cit 48.
Design criteria for warnings include:  signal word appropriate to the level of hazard; hazard statement to tell what the dangers are; consequences emphasizing results of failure to heed the warning; instructions to inform people what to do to avoid danger.  These design criteria also include characteristics for conveying the message:  attention getting-warnings should stand out; comprehensible-warnings should be understandable; concise-short and to the point; durable-resistant to wear, abuse, damaging environment.  Cit 58.
UAN is a simple notation for describing the behavior of the user and the interface as they perform a task together..UAN provides symbols for user actions that describe the interaction between the user and the computer while performing tasks  and feedback symbols that describe feedback from the interface.

 Cit 79.
Non-routine events (NRE):  Mechanisms to more efficiently capture dysfunctional clinical systems attributes or potentially dangerous conditions.  NRE is any event that is perceived by care providers or skilled observers to be unusual, out of the ordinary, or atypical.  Cit 82.
The study of factors that make work easy or hard Cit 84
Human errors factors:  similarity matching, rule based errors, and high risk issues. Cit 86.

Task models:  Important role in requirements elicitation and specifications phase which may require precise temporal relationships between different activities, they can be used to support design of interactive components.  Cit 88.

Lens model of Brunswik…humans make judgments of a distal (unknown or hidden) criteria based on proximal (known) cues that are probabilistically related to the criteria.  The extent to which a judgment corresponds to the environmental criterion reflects the degree of success of the decision maker. Cit 91.

studies of human judgment must consider human behavior and the ecology in which the judgments’ are made.  Cit 91.

Mass customization the efficient and reliable production of goods and services according to the highly personalized needs of individual customers. Cit 92.

Mental procedures that solve problems by making use of uncertain, probabilistic information are called heuristic processes.  Cit 99.

Task analysis quantified the complex patient care processes by recording physical activities or tasks of patient care including time measurements, information processes, communication strategies, and motion patterns.  Cit 107

Link analysis task sequences were broken down into motion patterns revealing the repetitive trips or pathways taken by the nurse on the nursing unit. Cit 107.

Cognitive pathway:  provides a clear perspective of how and when an RN conducts activities of the nursing process and the type of interruptions within the work setting that create barriers.
Frameworks
Human centered system design presumes that the cause of error is inherent in the system design and not in any single system element.  Cit 6
User Centered Design:  behavior from the view of human factors related to information processing pertains to research and development in attention, perception, memory, cognition, decision-making, learning, response, and motivation.  Cit 6
The exact nature of thought is a matter of continuing study; there are a number of factors that appear to influence it:  situation, strategies, experience, and behavior. Cit 6
Human factors has translated social science methods into the study of how humans act and interact in the operational environment
Design guidance methods:  human factors research uses knowledge about the capabilities and limits of humans in order to guide the design of products, systems, and services.
Traditional reductionist approach to organizing human knowledge involves each discipline studying the world from a independent perspective creating a silo effect.  Cit 7

Humanistic view : focuses on people, for example cognitive psychology studies how the human mind works on understanding;  technology is missing from the equation. 
Mechanistic view: the technical sciences--engineering, computer science, and applied mathematics--focus primarily on hardware/software, an understanding of human needs and capabilities is not part of the equation. Cit 7.

While knowing too much about technology for their own good, the Wizards also tend to know too little about the tasks that other people perform with technology. Cit 7.  

Human-tech:  compound word reminding us of people and technology;  hyphen designates the importance of the relationships.  Human comes first because we should consider human and societal needs first.  Human is capitalized because designs should have affinity for human nature.  Cit 7.

Systems thinking-- a holistic, problem-driven way of looking at the world, an approach that focuses on relationships between system elements (I.E. people and technology).  Focuses on the big picture, interactions between system elements.  Think of a system as a whole consisting of interacting parts--something that talks to itself.  The relationships are key.  This is slippery because relationships are not physical objects.  Relationships are emergent properties, a gestalt,  which comes into existence when the parts it comprises are brought together and configured in a particular way.
The systems approach encourages us to think about relationships between people and technology.  Design is all about creating emergent properties.  Cit 7.

Information processing lies at the heart of human performance.  Three approaches to information processes include staging: distinctions between stages of information processing is important due to effects of aging, stress, sources of workload, etc.; ecological approach describing human performance via the integrated flow of information through the human and emphasis on the human's integrated interaction with the environment; cognitive engineering approach very careful understanding of the environment and task constraints within which the operator works.  Cit 11
Automation technology was originally developed to increase precision and economy of operations while reducing operator workload and training requirements this concept was developed based on traditional reductionist views.  Cit 12.

Mental model: helps build expectations of system behavior, and it contributes to the adequate allocation of attention across and within numerous information-rich displays.  Learning recipes results in inert knowledge, whereby users can recite facts but fail to apply this knowledge effectively in actual operations.  Need to look this up to be sure correct?  Cit 12.

Technology centered automation:  primary focus is technological feasibility what is needed to create machines that can function more autonomously.  Suggest efforts to modify people-remedial training, new procedures, and more technology to eliminate human activity. Cit 12.

Human centered automation:  oriented towards operational needs and practitioner requirements.  Its objective is to support not supplant or replace the human operator.  Focus is on changing the human-machine interaction to support better coordination.  Cit 12.
User centered automation:  means that 1) we are trying to make technology sensitive to the constraints and pressures acting in the actual operational world, and 2) we are focused on multiple actors at different levels with different scopes of responsibility embedded in a larger operational system. Cit 12.
HF is a multidisciplinary science which draws on the disciplines of psychology, physiology, anatomy, engineering, design, and management.  Cit 16.
human machine interface, management and organizational science, system model built from the top down system oriented approach based on control theoretic concepts.  A system is more than the sum of its parts. Cit 17.

There has been a progressive change in subject matter complexity, form a concentration on relatively molecular "knobs and dials' to much more molar topics  including workload, stress, and even organization dynamics often call macro-ergonomics.  Cit 29.

The human factors structure is largely informal and only grossly differentiated.  It is possible to identify only one relatively formal belief structure within human factors: the systems concept, which is formal only because it is derived from General Systems Theory.  Cit 29.
The following dimensions of human capability are basic to an understanding of human factors:  physical and sensory characteristics, perceptual and cognitive abilities, expectancies, and mental models. Cit 41.

The philosophy of a HF expert is best understood by their use of the term use error vs. user error.  User error assumes the user is at fault…use error denotes that during use of the medical device an error occurred.  Cit 43.
Strong constraints are placed on models and methods capable of facilitating the design of human-machine interfaces…most importantly interface design must be constrained by knowledge of both the cognitive abilities of the human operator and the task-relevant properties of the environment.  Cit 62.

One reason that concepts from ecological psychology may relate well to the field of human-machine interaction is that both disciplines take the view that the human-environment systems is the appropriate unit of analysis and modeling.  Cit 62.  

Cognition:  viewed as involving a range of information processing capabilities, such as memory, decision making, learning, pattern recognition, and problem solving.  Cit 64.
Warning process:  four components include 1) notice the warning, 2) encode the warning, 3) comprehend the warning, 4) comply with the warning.  Cit 69.
human factors engineering, reliability sciences, group dynamics, communication theory.  Cit 81.
Error types originate in the conceptual, storage, and action stages of the thought process.  Cit 86.
Understanding human judgment are important because 1) methods can allow one to understand information sought by  a human about the environment and how this info is used to form judgments, 2) understanding can be used to drive the design of displays that inform judgment, 3) understanding of human judgment can be used to influence design of displays and training to support human judgment in a manner consistent with underlying alerting algorithms.  Cit 91.

Common paradigm in human automation interaction requires a human to make a judgment, in parallel with an automated system, and then to consider, accept, or reject the automated output as appropriate. Cit 91.
Framework of human error analysis includes perceptual input data (visual or haptic); knowledge and decision making; and action (ie skill, quality of technical aspects of operation). Cit 99.

Computerized clinical reminders have been advocated as a strategy to improve compliance with established clinical guidelines.  Cit 106.

Human factors engineering used as a framework for constructive thinking to help healthcare teams perform patient safety analyses.  Cit 107.
HFE drawn from industrial engineering, ergonomics, and mathematics. Cit 107.

Human machine system is the central focus of HFE.  Cit 107.

Variables
Uninterpretable messages ominous messages may imply blame.  Nurses may not recognize error messages.  Cit 1
A lack of consistency can create confusion about the message to be delivered. Cit 1
Computer designers use a language that is foreign to nursing and other health care disciplines Cit 1
Kinetics:  effects of forces on the motions of material bodies or with changes in a physical or chemical system.  Cit 6

Kinematics:  motion separate and apart from considerations of mass and force Cit 6
Input:  Attention has three forms selective attention, focused attention, and divided attention.  Cit 6.

Output: Response and reaction Cit 6.
External environment:  external stressors include acute noise, vibration, temperature, illumination, sleep loss.  Internal stressors include anxiety, apathy, depression, loss of self-esteem, and withdrawal has been cited by HF experts. Cit 6
Human adaptive ability can significantly influence observations and data collection because humans change their behavior when they know they are being watched.  Cit 6.
Softer aspects of technology include work schedules or team coordination. Cit 7.

Soft aspect of technology is team training. Cit 7.

To be successful candidate technologies need the support of social structures that foster cooperation and coordination amongst individuals and institutions.  Cit 7.
If the human factor is taken into account, a tight fit between person and design can be achieved and the technology is more likely to fulfill its intended purpose.
Behavior shaping restraints:  Systematic design principle:  it is essential to design usable technology into products or systems.  The basic idea is that every object has limited possibilities for action.  You can do some things with object but not others therefore some objects may shape behavior.  Cit 7.

Organizational level human factors: Systems of incentives, disincentives, staffing levels, management structures, information flows across teams and organizational cultures.
Complex technological systems are usually designed with several layers of safeguards , an approach known as "defence in depth."  Cit 7.
Proximal compatibility principle:  the principle holds that those indicators or displayed data values that are conceptually related or that need to be used in combination should belong to the same perceptual group.  Cit 11.

Technology automation:  unexpected problem with human-automation interaction include workload, attentional and knowledge demands, breakdown in mode awareness and automation surprises, new coordination demands, training approaches, new approaches for new kinds of error, complacency and trust in automation.  Cit 12.
It was thought that automated systems could be designed without much consideration for the human element in the overall system.  Operators need to know when to look where for information concerning (changes in) status and behavior of the automation and of the system or process being managed or controlled by the automation. Cit 12.

Attentional  guidance:  when a user knows about inputs to the automati0n and about ways in which the automation processes these inputs permitting the predication of automation behavior which, in turn, allows the operator to anticipate the need for monitoring certain parameters. Cit 12.

Automated systems do not know when to initiate communication with humans about their intentions and activities or when to request additional info.  They do not always provide adequate feedback. Cit 12.
Operator calibration:  knowledge requirements imposed by complex automation may increase operatory miscalibration.  Experts who are well calibrated are aware of areas and circumstances for which they have correct knowledge and those in which their knowledge is limited or incomplete. If experts are overconfident and wrongly believe they understand all aspects of a system, then they are said to be miscalibrated.  Cit 12. 

Attention Allocation Failure:  Two ways in which attention allocation can fail is 1) a breakdown in mental bookkeeping required to keep track of multiple interleaved activities and events that arise in the operation of highly complex technology and 2) a failure to revise a situation assessment in the presence of new conflicting information.  Cit 12

The human work environment must include not only the physical environment and the objects within it but also psychological factors such as mental workload, stress levels, information flow, and group dynamics.  Humans do not exist in isolation but as part of an entire system.  Cit 16.
In many organizations there is an inherent resistance to human factors.  This is due to the discipline being perceived as an unnecessary cost and the opinion that the HF can be conducted intuitively by designers.  This barrier can be overcome by education, enforcement, and end user involvement. Cit 16.

The design of human computer interfaces is based on four critical factors: 1) target audience, 2) environment that the user and equipment must operate, 3) the equipments capability, and 4) the tasks the user has to conduct. Cit 16.  

Risk management as a control task has several considerations including identification of controllers (decision makers), work objectives, information on actual state of affairs, capability and competence, and commitment. Cit 17.

A task instruction is an unreliable standard for judging behavior in actual work.  Modeling human behavior in terms of a stream of acts will be unreliable for a dynamic environment when behavior is context dependent.  Modeling by task analysis is only useful when behavior is very tightly controlled by the control requirements of a technical system.  In general we have to seek models at a higher conceptual level.
A critical issue is that the boundaries relevant to a particular decision maker depend on the activities of several other decision makers found within the total system and that accidents are created byt eh interaction of potential side effects of the performance of several decision makers during their normal work. Cit 17.
Uncertainty and risk management implies keeping some degrees of freedom available in the system for adaptation and for calibrating an acceptable compromise between comprehension and maintenance of the situation under control.  Cit 27.

More specifically, one can conceive of worker performance only in terms of an interaction between operators and the nonbehavioral elements of the workplace--their machines, their operating procedures, the environment, and the technical data they utilize.  Cit 29.

The critical question is whether people operating computers either alone or as part of a larger system utilize capabilities radically different from those they utilize with non-computerized systems. Cit 29.
A major activity during system planning is to determine which novel characteristics of the follow-on system will have a significant effect on personnel.  This requires the practitioner to examine the relationship between system characteristics and human performance.  Cit 29.

The anesthesiologist and the operating room environment can be viewed as a complex human machine system. Factors influencing performance within this system include environmental components (noise, temperature/humidity, environmental toxicity, lighting, workplace constraints); human components(human error, interpersonal/team factors, fatigue, sleep deprivation, naps, circadian changes/shift work, sleep loss/performance, rest schedules, boredom, workload/task characteristics); and equipment components (system errors/risk assessment, alarms/vigilance, automation). Cit 37.
Research has only begun on factors contributing to anesthetic errors/mishaps. Studies indicate a large portion of anesthesiologist's job involves complex vigilance and monitoring tasks.  The act of vigilance requires a state of maximal physiologic and psychological readiness to react.  What is poorly understood is what factors influence this state of readiness which affects the anesthetist’s ability to be vigilant. 

Cit 37.
Sustained attention or vigilance is comprised of three components: alertness, selection of information, and conscious effort. Cit 37.

Specialists in the field commonly refer to factors influencing human performance as performance shaping factors. Cit 37.
Human Engineering Deficiencies:  identified features that are more or less likely to lead to problems in their use.  Cit 38.

Mode error:  a classic human factors problem occurs when an operator takes an action that is appropriate for one mode when the device is in another mode. Cit 38.
Principle of signal action mapping:  complex alarm resetting procedures violate this principle. Cit 38.

Principle of correspondence:  layout, labeling, and organization of controls should directly suggest what they do.  Devices that have hidden features generally violate this principle.  Cit 38.

Equipment and product design must not only take into consideration the site of care and the conditions of use, but also the end user of the product. Cit 42.
Task Allocation:  when designing a system that humans and computers will interact to control, one of the basic problems is the allocation of tasks between the human and computer. An ingredient for solving the task allocation problem is knowledge of the ways in which multiple tasks may interact and subsequently degrade or enhance the performance of the human or computers. Cit 57.
Human complacency—operator attention  Cit 57.  

safety and human factors issues 1) selecting the amount, type, and structure of information presented to the human under both normal and emergency conditions in order to optimize the human's performance; 2) maintaining human confidence in the automated process; spurious shutdowns or warnings that are too high cause operators to ignore them or to make unauthorized modifications in relevant devices to avoid them.  Cit 57.

System safety engineers have concluded that inadequate design foresight and specification errors are the greatest cause of software safety concern.  Cit 57.
The problem of safety risk is complicated by the fact that attempts to eliminate risk often results in risk displacement rather than risk elimination.  Cit 57.  

Environment:  described as a dynamically varying set of action opportunities competing for the human's limited resources for cognition and action.  Cit 62.
Supervisory control:  any occasion in which a person's interaction with a target system is performed through a mediating agent will require the person to behave in a supervisory rather than a direct mode of control.  The nature of supervisory control or interface mediated performance in general, creates a situation in which the purely physical abilities of the human are of much less interest and importance than the extended set of functional abilities that the operator possesses through automation. Cit 62.  
Cognitive psychology:  HCI research has indicated that there may be demographic and cognitive characteristics associated with the ability of computer users to perform well.  Cit 64.

Spatial Perceptual Abilities:  help create a visual image of system interactions and assist in keeping track of location within various computer paths and programs.  Cit 64.  

A medical device will be used safely and effectively only if the interaction of the operating environment, user capabilities, and device design is considered in the manufacturing of the device.  Cit 67.
A warning is anything that alerts one's attention to a potentially dangerous situation.  A warning should contain at least the following elements:  signal word to convey the gravity of the risk, the nature of the hazard, consequences if the warning is not heeded, and instructions to reduce the hazard.  Cit 69.
Familiarity, hazard perception, and information seeking all have demonstrable effects on the degree to which a warning will be noticed.  Cit 69.
Understanding the level of these effects might be particularly important for workers in industrial environments, such as shift workers.  Similarly, individuals operating under a high working memory load would be less likely to notice warning information.  However, the influence of this variable has been frequently alluded to but not empirically verified directly.  Cit 69.
two broad variables in the warning literature:  1) person variables which refer to those factors that are specific to the individual who interact with the warning including demographics, cognitive variables such as familiarity and symbol comprehension, and personality variables such as risk taking style and perception of control. 2) Warning variables refer to the warning itself or the context in which the warning appears.  These include physical features of the warning and more abstract characteristics such as explicitness or interactivity.  Cit 69.

High task loads reduce the overall amount of information processed..Experts can be significantly influenced by the order in which they receive information, and in such situations, they may fail to recall inconsistent information or attach little importance to it if it is recalled.  Cit 70.

Several studies indicate that people's hazard perceptions are strongly and positively linked to both willingness to read warnings and compliance behavior. Cit 73.
Participants who characterized themselves as more visual liked particular displays…Cit 78.
Human errors manifest themselves as errors of perception, generation of actions, or action performance..errors of perception and action performance relate to cognitive tasks concerning direct interaction with the HCI. Cit 79.

Concentration and communication…distraction and interruptions. Cit 81.
Increased workload and effect of additional tasks on workload…cognitive resource availability.   Cit 82.

Vigilance:  a subset of situational awareness depends on alertness, attention, and diagnostic skills. Cit 82.
HFE is rare in health care because of four factors: 1) the value healthcare professionals place on personal responsibility, 2) lack of well defined resources in healthcare organizations, 3) decentralization of authority and fragmentation of work in healthcare organizations without compensating centralization on key values, 4) persistence of the guild and workshop model in which guilds of physicians function independently of the healthcare organization and have little investment in org safety. Cit 84.

Medical professionals have been trained to expect that some things just do not work, and they should devise ways to work around them, rather than notifying managers to change the system. Cit 84.
Critical thinking:  the selection of an optimal action or support of a belief.  Thinking critically is how we clarify our internal dialogue, process information, and develop skills that guide our behavior. The use of purposeful thought process to increase critical thinking skills and provide understanding of errors to safeguard patients is not part of the routine work of health care. Cit 86.
Vigilance conditions, high mental workload, high event rates.  Cit. 89.

Presentation intensity has been demonstrated to be a key factor affecting delectability, compliance, and perceived urgency of nonverbal warnings. Cit 89.

Principles of design using HF suggest it is important to make warnings that are more serious look different than those that are less serious. Cit 92
Inadequate handoffs sources of error. Cit 92.

Corollary orders: many actions imply that another action should be taken; these dependent actions are called corollary orders. Cit 92.
Forcing functions:  features that restrict the way in which tasks may be performed. Cit 92.

Smart monitors:  can assist clinicians to sift through data by looking for and highlighting signals that suggest the occurrence of decomposition in a patient. Cit 92.
Neural network decision aids: allow many factors to be considered simultaneously in order to predict a specific outcome. Cit 92.

Limited use resulted from unfamiliarity with functionality and shortage of PCs and sufficiently powerful PCs;  affected by the predictability of information need.  Cit 95.

Organizational policy absent; strategic plan lacking created uncertainty; work group investigating the requirements of daily users; increased efficiency; policy development and standardization.  Cit 95.  

Confirmation bias: once we commit ourselves to a judgment we subsequently tend to discount the significance of new disconfirmatory evidence in favor of the confirmatory evidence. Cit 99.
The epidemiology of adverse events and medical errors is moving towards other objectives such as assessing risk reduction programs and studying organizational and human factors. Cit 105.

Adverse event:  unintended injury caused by medical management. Cit 105.

Variation in effectiveness due to human factors barriers related to use including efficiency, usefulness, information content, user interface, and workflow. Cit 106.
6 of 19 hypothesized barriers were judged to reduce the effectiveness of HIV clinical reminders including:  1) workload, 2) time to document why CR did not apply, 3) inapplicability to situation, 4) training, 5) Quality of provider-patient interaction, and 6) Use of paper forms.  Cit 106.

Cues, judgments, decisions, and actions.   Cit 109.

Human Factors Systems
Operational Environment:  The sum of all the products, services, environments, and systems that humans have produced comprises the operational environment (OE).  Human factors and ergonomics inform the process of creating the OE. Cit 6
Seven roles humans perform in the operational environment include decision maker, monitor, information processor, closed loop controller, information encoder and storer, discriminator and pattern recognizer and ingenious problem solver.  
Super-Humanistic approach:  expects people to be flawless even if systems are designed to be incompatible with everything we know about human nature.
Safety can be viewed as an emergent property of a complex technological system.  …Accidents or threats to safety usually result from a loss of control caused by a lack of vertical alignment--mismatches--across levels of sociotechnical systems.   Cit 7.

Lack of vertical alignment is frequently caused in part by a lack of feedback across levels.  People at each level can't see how their decisions interact with those made by people at other levels, so the threats to safety aren't obvious until an accident occurs.  Cit 7.
Human selective attention:  driven by a top down process of a mental model whereby a skilled performer has gained experience knowing what parts of the environment to look at when, in order to gain the greatest information from the environment.  Cit 11. 

Introduction of new automation has shifted the human role to one of monitor, exception handler, and manager of automated resources.  Cit 12.
The failure to design human-machine interaction to exhibit the basic competencies of human-human interaction is at the heart of the problem with modern automated systems.  The system interface needs to serve as an external memory for the operator by providing cues that help realize the need to monitor a particular piece of information or to activate certain aspects of knowledge about the system.  Cit 12.

Applicable decision research to safety and risk analysis:    1) Normative, prescriptive theories and models derived from economic decision theory and utility theory  (von Neumann, Morgenstern, Keeny, and Raiffa)  2) Descriptive models in terms of deviations from norms derived from psychological decision theory:  Prospect theory, judgement biases (Tversky, Kahnemann)   3) Descriptive models of actual behavior derived from social judgement theory, cue utilization (Hammond, Brehmer) and dynamic and natural decision making (Brehmer, Klein).  Cit 17.  
Joint cognitive systems:  this notion revealed the fact that the human-machine  systems task can have no sense if  one considers the human or the machine as units of isolation.  Cit 27.

In line with Piaget (1965) cooperation from a functional point of view include activities performed by individuals when working as a team which are not performed when working alone two agents are in a cooperative situation when they 1) strive towards goals and can interfere with the others goals, resources, procedures, etc. and 2) each tries to manage interference to facilitate the individual activities or the common task when it exists.  Cooperation is very close to competition. Cit 27.

Characteristic of the system approach is the concept of emergent properties that are meaningful only in terms of the whole, not in terms of its components. Cit 29.

In the human factors context, the system concept is the belief that human performance in work can be conceptualized meaningfully only in terms of organized wholes and that for work performance that organized whole is the human-machine system.  Cit 29.

For human factors, performance is an instrumental behavior--behavior attempting to achieve an overt goal directed in many cases by some agency other than an individual.  Cit 29.

The system approach is based on the insight that the interrelationships among elements may result in an entity--the system--that has its own special properties.  Cit 29.

System safety:  a sub-discipline of systems engineering that applies scientific, management, and engineering principles to ensure adequate safety, throughout the system life cycle, within the constraints of operational effectiveness, time, and costs.  Cit  57.
Affordance is a relationship between properties of the environment and properties of an organisms action capabilities.  Cit 62.

In such tasks, automation, like a tool amplifies or extends the functional ability of the human and thereby expands the range of the relevant tasks environment beyond the interface.  Cit 62.

A general tenet of human factors designs is that safety should be ensured through design of the system.  If potential hazard cannot be designed out, then it should be guarded against.  If guarding against the hazard is not possible, then an adequate warning system should be developed.  Cit 69.
