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Human-Computer Interaction Theories or Human Factors Theories
Definition:
· 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 (41)
· Translation of social science methods into the study of how humans interact in environment (6)
· Applied science focused on minimizing human errors and optimizing performance as human beings interface with device (43) 
· Study of the interaction between people, machines and their work environment (1)
History of:

· Developed from military problems ; purpose to enhance system performance (9)

· Developed out of WWII (29)

· Emerged during the industrial revolution; FDA conducting studies to determine what variables produce errors in medical 


device operation(43) 

Related Terms: 

· Ergonomics (1, 6, 34, 45, 85)  Ergo (6) Nomos (6) 

· Usability (41,92)  User Centered Design (6, 45)  Usability Engineering (45) 

Related Theories:

· Systems ( 4, 6, 29)

· Cognitive Theory and Learning/Education Theory (55) 

· Theory of Learning through Exploration (65) 

· Psychological Theories of Human Error (79) 

Ergonomics deals with physical aspects of human--computer interaction while, human factors concentrates on human capabilities and limitations, principally cognitive capabilities and limitations. Cit 1.

Human factors engineering:  The main goal is to improve the match between technology, task requirements, and the ability of workers to cope with task demands. Cit 40

In air traffic control, human factors have been studied extensively. In contrast, almost no attention has been given to human factor considerations in the hospital setting. Cit 40

Historically, HF is traced to early efforts by industrial engineers, psychologists, and efficiency experts to streamline manufacturing operations and equipment for better worker efficiency.  Cit 41

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

Human factors is the application of this knowledge to the design of tools, machines, systems, and jobs to make them safe, effective, and comfortable to use. Cit 45

Definition of human factors:  The systematic application of information about human abilities and behavior to the design and evaluation of equipment and the environment in which it is used (Sanders ME and McCormick EJ, 1987).   

Related terms:  
Calibration (as a parent term) to user, technology, and system; ergonomics,
Human Computer Interaction

Consider the following:

A. Usability

B. human factors engineering

C. human-centered technology


Relation to Concept:  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.


Relation to Concept:  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.


Origin of Concept:  At times, ergonomics is separated from human factors.  Ergonomics is most closely associated with constructed materials, and human factors are most closely associated with human abilities. (most weighted terms:  device height, keyboards, placement, proximity, device, digit)

 Shift in Definition:  Potential shift from technology as a reduction in workload, to that of monitor, exception handler, and manager of automated resources 

Concept across disciplines:  Differences between thinking of machines as intelligent and rational versus responsible exist.  Therefore, systems need to be designed that comply with requirements of human-centered automation where predictability, accountability and dependability are evident.

Relevant Theories:  Cognition and engineering, learning, education, systems, social science and CTA.  (Interestingly, no information theories, computer theories were mentioned in the reviewed document.)  

Notes:  Clinicians typically prescribe (perhaps use?) devices with the greatest potential for productivity.   

[Explore productivity versus safety, cost, organization mission etc.]

The orientation and placement of low and high technology assistive devices has long been accepted by therapists to be of great importance to the productivity, comfort, and wellbeing of the client.
Design modification to reduce digit travel has occurred via alternative alphanumeric layouts on keyboards, novel methods of data entry, and modification of the displacement properties of individual keys.   

Missing:  System as a representation, relationships

· The ecological approach views the interaction between organisms and the environment.  Human factor concept suggests the human operator and the environment are coupled and must be studied independently (4).

· The systems model is the collection of elements that is organized to achieve a purposeful result (6).

· Humanistic view focuses on people while mechanistic view focuses on hardware and/or software (7).

· Bad apple theory believes the obstacle to safe health care is a group of incompetent or careless nurses and doctors who make mistakes at the drop of a hat which injure or kill their patients (7).

· Super-humanistic approach expects people to be flawless even when systems are designed to be incompatible with everything we know about human nature (7).

· The system concept is the belief that human performance in work can be conceptualized meaningfully only in terms of organized wholes, which is the human-machine system (29).  The systems concept is fundamental to human factors engineering.  It implies that components or elements of a system are only meaningful in terms of the whole system (10).

· Cognitive engineering applies the knowledge of cognitive psychology and other related disciplines to the design of cognitive environments (10).

· Computer systems should be designed to mirror users’ mental organization of work methods (1).

· The goal of human factor design is to develop user design requirements that leave little room for interpretation (5).

· The application of ergonomics is designing the workplace and the way the job is organized to match what is known of the human physical, physiological, and behavioral limitations (34).

· A human factors approach to systems development requires that users, developers, and subject matter experts work together throughout the design process (22).

· Human factors have been studied extensively in air traffic control, whereas, little attention has been given to human factor considerations in the hospital setting (40).

· Beard and Peterson draw a distinction between the two concepts: ergonomics deals with physical aspects of human--computer interaction while, human factors concentrates on human capabilities and limitations, principally cognitive capabilities and limitations. (1)
· (McCormick and Sanders, 1982)  The systematic application of relevant information about human abilities, characteristics, behaviors, and motivations to the execution of functions. (1)

· Human Factors Engineers document the psychological properties of people and the design techniques that can be used to create a fit with those properties. (7)

· HF engineering…also known as ergonomics…is the study of the physical characteristics and limitations of humans which can be further subdivided into physical and anatomical characteristics.  Cognitive engineering includes proficiency in perception, learning, judgment, and memory when responding to an input. (43)

Perfecting Operational Systems

· Mass customization of information technology has allowed the production of efficient and reliable goods and services according to the highly personalized needs of individualized customers. ((92)

· Little effort has been put forth to perfecting operational systems. (92).

· Early testing helps ensure that design deficiencies are identified and rectified before the system is fielded. (83)

Human factor specialist

· Majority of errors are due to flaws in the system rather than a flaw with the operator. (8)

· Minimizing human error is the primary goal of any human factors design. (8)

· The prudent human factors specialist clarifies trade-offs among system goals before continuing the design process rather than after a design is finished. (8)

Comfortable human use

· HFE provides the ability to evaluate people’s actions and decisions. (83)

· An HFE process is the foundation of “user centered design”. (83)

Safe human use

· Human factor design principles emphasize the importance of creating significant differences between serious and less serious warnings. (92)

· If a potential hazard cannot be “designed out”, then it should be guarded against. (69)

· Adequate warning systems should be developed if guarding against the hazard is not possible. (69)

· Information technology can reduce rate of errors in three ways:  by preventing errors and adverse events, by facilitation a more rapid response after an adverse event has occurred, and by tracking and providing feedback about adverse events. (92)

Familiarity

· Familiarity leads to increased hazard perception, which, presumably, could lead to an increased search for and noticing of warnings. (69)

· Conversely, familiarity with other products might lead to decreased hazard perception and thus a decreased search for and noticing of warnings.  Familiarity might thus have differential effects on noticeability. (69)

Human Factors Design/Engineering (HFE)

· Closely related or synonymous with ergonomics, usability engineering, and user centered design. (83)

· Is a hybrid discipline which focuses on the human component within complex organizational systems. (46)

· Concerned with design of tools, machines, and systems that take into account human capabilities, limitations, and characteristics (83)

· Processes focus on user needs and characteristics, and end user testing with iterative design and testing. (5)

· Goal of human factors design is to develop user design requirements that leave little room for interpretation, error, or workarounds. (5, 6, 49)

· Work environment contributes to errors. (5)

Potential Benefits of Using HFE for Developing Products

· To the vendor of products

· Increase user appeal (6)

· Reduce liability (49)

· Ensure technology is compatible with human capabilities and limitations (74)

· To providers

· Increase worker productivity and efficiency (6, 49) 

· Increase reliability and flexibility(6)

· Lower ratings of mental workload (18)

· Improve safety and reduce errors and accidents (3, 18, 49)

· Minimal training manpower costs (6) 

Human Information Processing
· Computer systems should be designed to mirror users’ mental organization of work methods (1)

· Nurses may choose to underutilize advanced technology options because basic features are easier to learn/execute while advanced features require extra energy (1).

· The pace of change is much faster than the pace of change presently in management structures (17)

· Seven roles human 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 (6).

· Human machine system: a combination of one or more humans and one or more physical components to transform inputs into desired outputs.  This interaction takes place within an environment that encompasses the task environment and social and organizational environment (10)

· Ecological psychology claims that an individuals primary source of environmental information to support goal-directed activity is more likely to be complex, higher order variables (i.e. process status or relationships between variables) specifically related to the goal than the lower order variables (i.e. values of individual variables) commonly described by physics (4)
· Ergonomics, usability engineering, and user-centered design can be considered closely related to or synonymous terms (45)

· Organizational policies and strategic plan allow for enhanced communication (95)

· Study of how Humans interact with their environment for useful purposes (84) 

· User centered designs principles, including info on human behavior, personal ability, motivation ( 102)

· Creating accurate mental models can be difficult; incongruence ( 1)

· Assess stressors:  external (noise, vibration, sleep loss, temp) internal (anxiety, apathy, depression, withdrawal) (6) 

· Knowledge of how humans process information is essential to design systems (80)

· Existing human-computer interaction and nursing informatics frameworks are inadequate for studying the spectrum of elements important to the nurse-computer interaction process. (63)

· The brain can process 5-9 items or chunks of information at any given moment (Miller, 1956; Salvendy, G. 1992) (5)

· Attention has three forms selective attention, focused attention, and divided attention.  Defined page 37.   (6) 

· Human Computer Interaction: involves input and output devices and interaction techniques that use them; information presentation and requests; how computer's actions are controlled and monitored; all forms of help, documentation and training; tools used to design, build, test, and evaluate user interfaces; and processes developers following during creative processes. Cit 65.

· Optimization of the interaction- human factors is concerned with the optimization of the  

       interaction between the human and the physical component. (10)

·  Kinetics- effects of forces on the motions of material bodies or with changes in a physical or chemical system. (6) 

·  Kinematics- motion separate and apart from considerations of mass and force (6)

·  Actions- nurses control the interaction process, must have confidence or reliance upon the actions or information of another in an exchange (93) 

·  Interactions- the study of human beings and their interactions with external factors to perform tasks and activities (107) human factors is the study of the interaction between people, machines, and their work environment. Knowledge from this is used to create systems and work environments to make people more productive. (1) Goal of human factors is to enhance the quality of interactions between humans and machines.(101) Mental models provide predictive and explanatory powers for understanding interactions (1) 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. (6) Developmental psychologists view interactions as members of a dyad relating in a system of mutual influences and behaving according to respective characteristics. (63) help create a visual image of system interactions and assist in keeping track of location within various computer paths and programs. (64) interactions can enhance or reduce system efficiency, enhance or compromise safety, augment or negate other benefits that technology provides. (93) 

·  Systems- should be designed to mirror users’ mental organization of work methods (1), complex systems tend to delay feedback as response to control action (4), systems model- any collection of elements that is organized to achieve a purposeful result (6), system is whole consisting of  interacting parts that talks to itself using relationships (7), systems should improve quality of life (10)

· Internal Representations- Creation of an accurate mental model eases computer interactions. (1)
·  Information processing- design tools must take into account distinctions between stages of information processing within humans, acknowledge human situation (age, stress, workload) (11) ability for attention, perception, memory, cognition, decision-making, learning response, motivation (6), involves a range of information processing capabilities including memory, decision making, learning, pattern recognition and problem solving (4)

·  Higher order variables- complex interaction such as processing relationship between variables (4)
·  Performance- complex dynamic systems can lead to delayed response due to overwhelming stimulus (4), definition of systems model- any collection of elements that is organized to achieve a purposeful result (5), time to perform tasks and error rates must be measured (6), accidents are created byt eh interaction of potential side effects of the performance of several decision makers during their normal work. (11)
·  Decisions- 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.  p. 272. (7) Little research exists to date on variability and unreliability within processes of care as opposed to variability in decisions.  Decisions are only one source of variability in processes; others include equipment, environment, rules, and measurement methods. (61) 
·  Human machine system-  the study of human beings and their interaction with products, environments, and equipment in performing tasks and activities.  The central focus of study within this domain is the human machine system. human machine system: a combination of one or more humans and one or more physical components to transform inputs into desired outputs.  This interaction takes place within an environment that encompasses the task environment and social and organizational environment. a human machine system is some combination of humans and machines which interact to achieve the goals of a system. (10) 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, fatique, sleep deprivation, naps, circadian changes/shift work, sleep loss/performance, rest schedules, boredom, workload/task characteristics); and equipment components (system errors/risk assessment, alarms/vigilence, automation). (37) 
·  Feedback- it is important to provide feedback after each action and at each level, feedback should be immediate and minimize the user memory load as much as possible, (7, 12, 55, 74, 79)

The Process of HFE

· Overall Process Involves:

· Users, developers, and subject matter experts must work together.  Users must be involved from the beginning and throughout the process.  (22, 74, 96)

· Overall an iterative process to allow frequent feedback and improvements (74, 96) 

1. Analyze/Investigate the users, their tasks, and their environment: 

· Analyze what the user does within the context of the larger system (48)

· Who are the users and their characteristics? (22) 

· What are the tasks that need to be accomplished? Are there bottlenecks? (22, 74)

· What are the characteristics of the environment? (22) 

· What are the interactions between the user, the environment, and the technology?  One of the best methods to collect this information is through observation. (48,74 ) 

2. Analyze previous systems that attempt to or fulfill the needs.   What worked and what did not? (3) 

3. Design the System

· Objectives Definition: What are the users, in conjunction with the system and environment, supposed to accomplish? (48) 

· Functional Analysis: What are the required functions to meet the objectives ?(48) 

· What are the critical design requirements for efficiency and safety? (48, 67) 

· Target Audience Description:  Who will be the users? (48) 

· Function Allocation:  What functions will be performed by humans and what functions will the technologies do?  What are the roles of the humans?  (48, 67) 

· Pick the best design with the appropriate trade-offs (48) 

4. Test and Evaluation:  The purpose of testing and evaluation is to determine the system’s effectiveness, safety, and usability (48) 

Information, Representation, and Visualization
· Lack of consistency creates confusion ( 1)

· Scope of HCI is humans, computers, work (60)

· Humans can adapt /change behavior if they know they are being watched (6) 

· Goal o f Human Factors is to enhance the quality of interactions between humans and machines (1) 

· 3 Goals :  predict, describe, control performance of human in the system (29)

In helping users articulate their cognitive activities an in representing that cognition, the analyst makes the users' thought processes understandable for use by designers of systems, interfaces, and devices.  Cit 47
Hardware - input/output technologies
· Human centered automation focuses on changing the human machine interaction to support better coordination ( 12)

· Nurses may under utilize advanced technology  because the basic features are easier and advanced features require


extra energy (1) 

· Computer designers use a language that is foreign to nursing and to other health care disciplines (1) 

Input:  Attention has three forms selective attention, focused attention, and divided attention.  Cit 6.

Output: Response and reaction Cit 6.
Requirements Analysis
· HCI is critical to success of products in marketplace (safety, usefulness, pleasure of using) (65)

· Access to data may not always be available due to system allowing for unconstrained text (77)

· Medical professionals have been trained to expect that some things do work and develop own workarounds and don’t report


errors in system (84)

· Nurses spend 70% of their time creating, processing, distributing information as part of their professional practice ( 33)

· In the Medical domain, human factors have received little attention (18) 

· Requirements are established in order to assure that a product will perform to certain standards. (6)

· 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). (6)
· Human factors requirements 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 P. 93. (6)

System requirements are established in order to assure that a product will perform to certain standards.  Cit 6

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

Design guidance methods:  In human factors research uses knowledge about the capabilities and limits of humans in order to guide the design of products, systems, and services. Cit 6.
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. Cit 7.

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.  
Human factors requirements 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 P. 93.  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. Cit 6.
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\

Predecessor designs:  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

Workload analysis:  permits the HF specialist to determine the effort invested by the operator into task performance to successfully complete tasks. 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

Alternative tradeoff selection studies:  developmental process of selecting an optimal design…uses weighting measures, Delphi technique, focus groups. Cit 48
Task analyses:  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. Cit 107
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
This is an exercise in which one writes down exactly what the system is supposed to do.  The operational requirements define actions, action sequences, time, and accuracy.  The requirements specification tells how the system will fulfill user need.  Cit 48

The brain can process 5-9 items or chunks of information at any given moment

What does the user have to be able to see?  What does the user have to be able to hear?  What does the user have to reach and manipulate?  Is there enough room to work?  Is there potential for inadvertent activation or disturbance of controls? Is the work space adequate for emergency situations? What other systems or devices are in use?
Representational Analysis
Computers should be designed to match users mental organization of work including internal representations. 

Functional Analysis
· System reliability- refers to the dependability of perfomance of a system, subsystem, or system component in carrying out its intended function for a specified period of time. (10)

· 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

User Analysis
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 by the interaction of potential side effects of the performance of several decision makers during their normal work. Cit 17.
Activity analysis:  Accounts for anything a person might do while performing a task…Cit 6.

Anesthesiologists, nurses, HFE, and device manufacturers can work together to enhance the safety of PCA pumps by redesigning user interfaces, drug cassettes, and hospital operating procedures to minimize programming errors and enhance detection before patient harm occurs. Cit 100
Task Analysis
· 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.

· Evidence that suggest when a careful, goal-relevant analysis of the task environment is conducted, a more parsimonious description of human performance is possible (4).

· Task analysis questions to ask include “Have all the users tasks been accounted for?”  Are the tasks correctly described?”  Are they arranged in a logical order?” “What are the consequences of performing a task incorrectly?”  “What information does the user need to recover from an error?” “What tasks will be performed by the computing system?” “What hardware will the user need to perform each task successfully?”(5)

· Task analysis is a 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. (5)
· Task analysis is performed by recording the systems response to each user action.  Thbe flowcharts and task descriptions thus generated can be used to document how certain actions of the system or user result in error. (5)

· Challenges for system designers include: 

1) present information within the limits of the user's ability to process it, 

2) distinguish critical system information from other information,


3) direct the user's attention to the system when necessary. (5)

· Task analysis questions:  Have all the users tasks been account for?  Are the tasks correctly described?  Are they arranged in logical order?  What are the consequences of performing a task incorrectly?  What information does the user need to recover from an error?  What tasks will be performed by the computing system?  what hardware will the user need to perform each task successfully? (5)

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.
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.
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
Task analysis is performed by recording the systems response to each user action.  The flowcharts and task descriptions thus generated can be used to document how certain actions of the system or user result in error.

Task analysis questions:  Have all the users tasks been account for?  Are the tasks correctly described?  Are they arranged in logical order?  What are the consequences of performing a task incorrectly?  What information does the user need to recover from an error?  What tasks will be performed by the computing system?  what hardware will the user need to perform each task successfully?

Attention has three forms selective attention, focused attention, and divided attention.

User centered interaction is a 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.
Environmental Analysis
· Ergonomics has a much wider form of reference including aspects of environment, sensory function, psychological performance, and psychosocial aspects of the work environment and work organization (34)

· Ergonomics deals with physical aspects of human-computer interaction, while human factors focuses on human capabilities and limitations (1).

· Environmental questions to consider are “What does the user have to be able to see?” “What does the user have to be able to hear?” “What does the user have to reach and manipulate?” “Is there enough room to work?” “Is there potential for inadvertent activation or disturbance of controls?” “Is the works space adequate for emergency situations?” “What other systems or devices are in use?” (5)

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
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.

Environment:  described as a dynamically varying set of action opportunities competing for the human's limited resources for cognition and action.  Cit 62.
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
External environment:  external stressors acute noise, vibration, temperature, illumination, sleep loss.                               Internal stressors:  anxiety, apathy, depression, loss of self-esteem, and withdrawl have been cited by HF experts. Cit 6.
Usability Design
Usability techniques

· Healthcare has been slow to adopt usability techniques that have long been used large corporations. (53)

· The lack of user friendliness is the key barrier to user acceptance. (53)

· Human factor engineering has important implications for the design, regulation, and procurement of information technology. (74)

· Behavior shaping constraints is a systematic design principle stating that  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. (7) p. 100
· 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. (18)
· Computer systems should be designed to mirror users' mental organization of work methods.  (1) 

· Often computer designers use a language that is foreign to nursing and other health care disciplines. (1)

· A lack of consistency can create confusion about the message to be delivered. (1)

· Uninterpretable messages ominous messages may imply blame.  Nurses may not recognize error messages. (1) 
· Humanistic view :  focus on people for example cognitive psychology studies how the human mind works an understanding of 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. (7)

· The reductionist strategy that led to the two cultures problem has also led directly to our troubles with technology.  Technology and people co-exist in the real world.  Our traditional ways of thinking have ignored and virtually made invisible the relationship between people and technology. (7)

· "Nurses choose their careers because they like to take care of people, not because they like to program complex computer-based medical devices or because they have a Ph.D. in computer science." p. 34 (7) 

· Healthcare has lagged behind the aviation industry in applying Human-tech thinking in situations that require teamwork.  There is a critical need for technology to bridge communication among healthcare providers:  Techology designers often know too much about technology for their own good, and too little about the tasks that other people perform with technology.  To be successful candidate technologies need the support of social structures that foster cooperation and coordination amongst individuals and institutions. (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. (7) 

· Wright (2000) The design of technology has to have affinity with human nature to be successful.  Vicente p. 45 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.  The systems approach encourages us to think about relationships between people and technology.  Design is all about creating emergent properties.  (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. (7)

· 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. (7)

· Safety/Error Prevention: Complex technological systems are usually designed with several layers of safeguards, an approach known as "defence in depth." p.274. (7)

· Key Assumptions: 1) user errors cannot be completely eliminated, 2) the likelihood of user errors will increase when a system is poorly designed, and 3) that the user's overall work environment can also contribute to errors. (5)

· Human Factors is an applied science focused on minimizing human errors and optimizing performance where human beings interface with a device.  The philosophy of a HF expert is best understood by their use of the term use error vs user error.  User error assume the user is at fault…use error denotes that during use of the medical device an error occurred. (43)

· 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. (43)

· Vigilence - a subset of situational awareness depends on alertness, attention, and diagnostic skills. (82)

· Adaptive Access is the prescription and customization of hardware and software to facilitate such tasks as communication and other activities of daily living.  Device customization entails modification of the device to suit the specific abilities and needs of the client best. (Lee K., Thomas D., 1990; Wright C., Nomura M., 1988) (2)

· Device prescription involves the replacement of those functions normally accomplished by standard input devices (keyboards and pointers) with alternative devices that are capable of modifying, substituting, or emulating standard data entry modes.    Clinicians typically prescribe devices with the greatest potential for productivity.  (2)

· Digit travel Digit travel may be defined as the displacement traversed by the digits in the horizontal or vertical planes as successive keyboard keys are activated (no citation). (2)

· Digit loading is defined as the force that must be exerted by the digits to activate the keyboard keys (no citation) (2)
· Device positioning is the fundamental component which relates device height, proximity, and angle to the placement of keyguards, alternative switchboards, or switches. (2)
· Human centered system design presumes that the cause of error is inherent in the system design and not in any single system element.  (6)
· Mediation - 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. (6) 
· 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. (12)
· Four issues have immediate implications for human centered design:  clumsy tools, interdependency, the role of humans, and capabilities of intelligent products (6).

· The development of design tools must be based on an understanding of the 

problem, designer characteristics, and human information processing abilities ((10).

· System design challenges include present information within the limits of the user’s ability to process it, distinguish critical system information from other information, and direct the user’s attention to the system when necessary (5).

· Applying Human Factor methods early in the systems development process can lower developmental costs (22).

· Designing the system to match the user’s capabilities, tasks, and work environment is a key goal (22).

· Human factor engineering issues must be given a high level of importance when designing new products if 
· User Centered Design focuses on user needs, characteristics; iterative design and testing  based on feedback from users ( 83)

· A medical device will be safely and effectively only if interaction of operating environment is considered in manufacturing


(67) 

· Human Factors significant criterion; assess flow analysis, function allocation, task description, task analysis(6) 

· Human centered system design needed to due clumsy tools, interdependency, role of humans, and capabilities of intelligent


products (6) 

· Purpose is to match systems, jobs, products and environments to  physical and mental limitations and abilities of people (9)

· Provide feedback to users upon making an action.  This feedback should follow quickly after the action. (18, 74, 55)

· Make the functions of controls clear and obvious to the user (18, 74)

· Make displayed messages easy to understand (18, 74)

· Reduce the memory load (18,74)

· Provide shortcuts to functions (18, 74) 

· Provide clear exits. (18,74) 

· Provide better access to data that the user needs to accomplish their task (65)

· Prevent and handle hazards appropriately with warnings. 

· First, attempt to the design the system so that the hazard cannot occur. If that doesn’t work, then provide the appropriate warnings. (69) 

· Warnings need to identify the severity of the hazard (58, 69)

· Warnings need to describe the problem (58, 69)

· The consequences of not taking action against the hazard should be clear to the user  (58, 69) 

· Warnings should clearly communicate what is required to remove or reduce the hazard (58. 69) 

· Attempt to reduce some of the limitations and problems with warnings

· Users with high memory load are less likely to notice warnings (69) 

· Avoid cry-wolf syndrome: too many false alarms tend to make users slower to respond or less likely to respond (71)

· A warning system may lead the user to take on greater risks (72) 

· Mistakes arise as a result of misapplication of good rules or application of bad rules.  Important to have clear rules to eliminate misinterpretation. (3)

· System response to each user action needs to be recorded. (5)

· In order to be effective, there needs to be a systematic method of accounting for all behavioral interactions between the person and system. (6)

· Human factors requirements must be quantifiable. (6)

· Provide users with prompt and salient feedback after each action. (18)

· Make the functions of the various controllers clear. (18)

· Make it possible for the user to determine the current state of the device, easily identify which controls can be used to alter the state of the device, and maintain a conceptual model of the device operation that corresponds to the actual operation of the device.(24)

· Analyze what the user is doing in the larger system and what the user will do with a piece of equipment.  Understanding this relationship allows design recommendations that can improve the users’ ability to carry out those functions. (48)

Safety/Error Prevention

CONCEPT DEFINITION:  “The development and application of knowledge about human physiology and behavior in the operational environment” (Nemeth, 2004).


A.  Important terms to consider are adding systems and safety to definition.  


B.  Other terms to consider in the definition are efficiency and functioning.

RELATED TERMS:  Errors with semantic links to system, analysis and performance
1. System is semantically linked with environment

2. Analysis is semantically linked with user

3. Performance is semantically linked with components, workload, workplace


A. Based on the excel spreadsheet, there is a difference between environment and workplace or workspace and therefore needs further elaboration.

RELATION TO CONCEPT:  Errors occur in the following ways

1.  Human attention, distraction
2. System design, misapplication of good rules, application of bad rules
3. Deliberate deviation from safety precaution
4. Memory
5. Decision making
6. Lack of feedback
7. Workload
8. 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.

A. Recommend exploring errors in the context of semantic links, system-environment (internal versus external environment), analysis-user, and performance-components, workload, and workplace.  
RECOMMENDATIONS: Must have a “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.”(Article 6) 

ORIGIN:  First notable exploration of this concept by Blum (1971; article 37).

POTENTIAL CHANGE IN DEFINITION:  The term “design” emerged in academia and private industry.


NEW CONCEPT:  Non-routine event (NRE).  NRE is any event that is perceived by care providers or skilled observers to be unusual, out of the ordinary, or atypical (Article 82).

THEORIES:  Systems theory linked with system characteristics (proportionality, rules, interdependence and interaction), social science linked to cognitive theory, and lastly accident theory.

TAXONOMIC PROB: Two tendencies exist where 1) systems are designed to eliminate errors, however 2) inadvertently cause errors.  The term design(er) is has several different meanings.  (role versus engagement)

NOTES: 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).

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. These  methods 1) improved communication, 2) increased accessible knowledge and key pieces of information, 3) assist with calculations, 4) perform checks in  real time, 5) assist with monitoring, and decision support.  (Red type refers to commonly expressed terms.) (Article 6)
Role of the Human:  decision maker, monitor, information processor, closed loop controller, information encoder and storer, discriminator and pattern recognizer and ingenious problem solver (Article 6).  
HF RESEARCH:  Observational, descriptive, evaluative, and inferential (Article 6).


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

Infusing old technology with new technologies results in:


 1) Change of task allocation between human and machine


 2) Change of task allocation between human operators


 3) Change of objects manipulated by tasks and change of representations used to support tasks

· In providing HF design guidance: Design prototypes and other context-rich sources of information support designers. In the design process multiple interactions with designers from different disciplines are considered constraints for the designers. (17)

· Risk Management Framework in socio-technical system: Decisions at higher levels should propagate down the hierarchy; whereas information about current state of affairs should propagate up the higher hierarchy. These interdependencies across levels of hierarchy are critical to successful functioning of a system as whole. Researchers conducting horizontal research have less impact on reducing risks unless vertical integration is achieved. System design implications must be adopted to reduce risks in socio-technical systems. (17)

· Critical Incident  (CI) ore occurrences that led if not discovered or corrected in time will lead to an undesirable outcome ranging from increased length of stay, death or permanent disability  (31)

· Use HF checklist combined with interview guide and structure to probe background factors and conditions of work related to equipment, staffing, workload and communication.(46)

· Human Factors Engineering (HFE) application in healthcare can increase safety, enhance efficiency, reduce liability and determine what made a human error possible or inevitable. (49)

· Advanced equipment and automation do not cure HF problems, they merely relocate them (54)

· Healthcare organization is considered an inverted pyramid. The broad blunt end on top consists of managers, administrators and regulators with pre set policies and enforce rules. Consequences of poor decisions made at this end are called latent failures. MDs and nurses are at the sharp end of the pyramid and mistakes are active failures and often with serious consequences.  Behavior of those at the sharp end must be viewed in the context of the demand and constraints established by the people at the blunt end. Ability of the people at the sharp end to prevent adverse incidents depends on those factors determined at the blunt end. (54) (46) (110)

· Human Computer Interaction (HCI) encompasses the ease of use, new interaction techniques for supporting user tasks, providing better access to information and creating more powerful forms of communication. Involves: (65)

1. Input and output devices and interaction techniques that use them

2. Information presentation and requests

3. How computer actions  are controlled and monitored

4. All forms of help, documentation and training 

5. Tools used to design, build, test, and evaluate user interfaces

6. Process developers following during creative processes

· Processes, tools and techniques from HCI decrease costs and increases productivity. HCI is critical to the success of products in the market place, safety, usefulness, and pleasure of using computer-based systems. (65)

· A general tenet of human factors design should be ensured through design of the system. Potential hazards should be guarded against. If guarding against is not possible then an adequate warning system should be developed.  Familiarity hazard perception, and information seeking influences the degree to which a warning should be noticed. Individuals operating under a high memory load would be less likely to notice warning information. Elements of warning:

1. Signal word to convey the gravity of the risk 

2. Nature of the hazard

3. Consequences if the warning is not heeded

4. Instructions to reduce the hazard. (69) (106)

· Specialists in human factors research should take an active role in the specification of warning signals and in their integration into the overall user interface. Reliance on warnings is the result of two consecutive processes:  1) the decision of whether the warning justifies the allocation of cognitive resources and 2) the differential response that considers the warnings output.(72) (106)

· Applying usability concepts to clinical computing means instantiating designs or purchasing systems that require a minimum of learning so users can quickly begin work. If systems are easy to remember, they will support intermittent usage by nurses or advanced practice nurses. Users should find interactions suitable, unobtrusive, facilitative of desired tasks, and indicative of overall user satisfaction. The system should be efficient for all levels of users from beginner to expert by allowing menus and other aids for new nurses as well as shortcuts for nurses experienced with the CIS. Usability implies error-trapping to prevent catastrophic errors and the facility to undo actions where and when reasonable. (96)

· Axioms of Usability: (96)

1. There must be an early and central focus on users in the design, development, and purchase of systems. A central focus on users means understanding users in depth. Designers, informatics nurse specialists, or human factors specialists will have direct contact with users in structured, systematic approaches at the beginning of design, not when the system is nearly ready to be deployed. 
2. Applications must have iterative design. Once prototype is available, users work with designers to determine both effectiveness and efficiency, suggesting valid redesign to enhance both of these usability axioms. Identified usability problems are referred back to designers for correction and reevaluation by users in a recurring cycle known as iterative design. Several sequences usually are required to meet basic requirements.

3. There must be empirical usability measures or observations of users and information systems. Quantitative measures or systematic but less formal observations of users as they interact with applications must be conducted.

· Human Factors Analysis and Classification System (HFACS). Framework that bridges the gap between theory and practice by providing investigators with a comprehensive user friendly tool for identifying and classifying the human causes of accidents. Encompasses all aspects of human error. (110)

Benefits of Incorporating HF concept into the Design of the Clinical Information System: (96)

1. Allow for correct data entry, display, and interpretation

2. Contribute to sound clinical decision making, potentially preventing errors.

3.  Allow for decreases in the time to complete tasks; disruptions, training time, software rewrites, burden on support staff, and frustration. 

4. Usability techniques can streamline data entry and allow for a 10-fold decrease in the average number of reported user problems.

Categories of HF Errors: (31)

1. Technical errors:  action taken which are not the action intended; arises from deficiencies of technical skill or from poor HF design in the equipment or apparatus involved.

2. Judgment errors: action represents a bad decision, arises from lapses in training or poorly developed decision making skills.

3. Monitoring and vigilance failures: failures in which the essence is a failure to recognize or act upon visible data requiring response
Levels of Failures: (110)

1. Unsafe Acts:  Errors  (Skill-based; Decision; Perceptual) and Violations (routine violations habitual by nature and tolerated by the governing authority; exceptional violations, neither typical of the individual or condoned by the authority)

2. Preconditions for Unsafe Acts (Substandard Conditions of Operators; Substandard Practices of Operators. Dig deeper into why the unsafe acts took place. 

3. Unsafe Supervisions

· Inadequate Supervision

· Planned Inappropriate Operations

· Failed to Correct problem

· Supervisory Violations

4. Organizational Influences Refers to the organizational factors Influencing accidents:

· Resource Management

· Organizational Climate

· Organizational Process

Proactive Measures to Prevent Human Errors in the Use of Information Technology: (49) (92) (31)

1. Evaluation of currently employed system for efficiency and error potential

2. Evaluation of system prior to purchase

3. Evaluation and enhancement of facility

4. Design and evaluation of procedures

5. User education/in-servicing

6. Required monitors must be available and used correctly with alarm limits and alarm volume.

7. Anesthesia equipment should be regularly serviced by authorized personnel and equipment updated to confirm existing requirements.

8. Pre-use checkout of delivery system should be developed by institution. FDA requires that a backup means of ventilation should always be available and functioning. 

9. Improving Communication through computerized coverage system for signing out; wireless PDAs; wireless access to EMRs

10. Providing Access to Information

11. Requiring Information and Assisting with Calculations. Forcing functions are features that restrict the way in which tasks may be performed. Corollary Orders are dependent actions resulting from previous actions taken.

12. Computerized monitoring is looking for relations and trends and highlighting them, which can permit clinicians to intervene before an adverse outcome occurs.

13. Decision Support

14. Rapid Response to and Tracking of Events
· Embedded systems- resident within a larger host and are constrained by the parameters, requirements, and performance of that host. (93)
· High level system complexity- may result in increased numbers of subsystems between operators and the technology (93)
· Operator calibration- 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. (12)
· Peripheralization- decreasing the direct control functions of the operator and increasing their peripheralization (93) 
· System classifications- two different types of system variables: physical variables and behavioral variables. (10)
· Automated delivery systems- bar coding; automated delivery systems; alerting, frequently to blame for medical errors  (101)

Growing sophistication of computers and software should allow information technology to play a vital part in reducing risk of harm.  Cit 92.
Errors can be reduced through human factors design techniques that take into account human capabilities and limitations. Cit 18.
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.
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.
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.
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.
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.
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

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.
Warning process:  four components include 1) notice the warning, 2) encode the warning, 3) comprehend the warning, 4) comply with the warning.  Cit 69.
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.
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
Complex technological systems are usually designed with several layers of safeguards , an approach known as "defence in depth."  Cit 7.
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.
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.
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.
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.
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.
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.
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.
Adverse event:  unintended injury caused by medical management. Cit 105.

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.
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.
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.
Medical errors can also occur because of an interaction between people and the complex technological systems in which they work.  The expectation of perfection should be replaced by a need to design products and systems that help healthcare professionals pursue the goal that they sincerely want to achieve--taking care of patients safely. Cit 7.
In classifying human errors among the substantive negative outcomes incidents we distinguished between 3 categories of human error:  technical errors in which the action taken is not the action intended, arise from deficiencies of technical skill or from poor human factors design in the equipment or apparatus involved; judgmental errors in which action represents a bad decision, arise from lapses in training or poorly developed decision making skills; monitoring and vigilance failures in which the essence is a failure to recognize or act upon visible data requiring a response.  Cit 31
The findings suggest more emphasis on technological aids to vigilance and detection of error than on improving the reliability of equipment.  Cit 31

Human engineering deficiencies:  identified features that are more or less likely to lead to problems in their use.  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
New care delivery sites in the home as a result of managed care pressures have created situations where patients have had to manage equipment, necessary for care, in their home.  This has led to some errors and complications because 1) the equipment was designed to be used in the hospital environment and not at home; 2) the overall design may not have adequately considered the necessary human factors issues that are critical to the successful use of any product or piece of equipment. Cit 42
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 (Chamoux and Schmid, 1983). Cit 57

Warnings serve an informational function to inform consumers or users.  Under conditions of higher costs, people are less likely to offer assistance to a stranger; people are more likely to disobey a warning when the warning requested that they take a more effortful diversion, whereas people were more likely to comply when the warning requested less effortful behavior. Cit 59
Clinical information systems provide too many parameters with little provision for displaying critical data in a context that allows clinicians to make safe, fast decisions. Cit 96
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.  

Poorly designed medical devices can promote user error and lead to adverse patient outcomes. Cit 19.
HFE can be effective in determining the nature of usability problem and providing relief…can also be effective in identifying potential sources of error in systems. Cit 49
The efficiency of operations suffers when increased time is required to complete tasks or quality is reduced..elaborate workarounds may be developed to overcome usability problems. Cit 49
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
Safety has frequently been compromised and lives have been lost because of operator errors caused by HCI design deficiencies. Cit 79
Research on warnings has begun to examine the conditions that facilitate and inhibit warning effectiveness. Cit 59
All means by which human actions could adversely affect safety (mal-operation, maintenance error, violation of procedures);  all means by which human actions are relied on to prevent or minimize a safety-related loss (procedural controls, recovery actions);  those aspects of the system design that can either support or hinder effective human performance (operator/maintainer interface, manuals and training materials); those aspects of the operational context that need to be taken into account during the design and implementation of the system (operational philosophy, user capabilities, safety culture)
an applied science focused on minimizing human errors and optimizing performance where human beings interface with a  device.
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.
Trust: confidence or reliance upon the actions or information of another in an exchange. Cit 93.
Assumes 1) user errors cannot be completely eliminated, 2) the likelihood of user errors will increase when a system is poorly designed, and 3) user's overall work environment can also contribute to errors.
People may learn to ignore frequent false alarms a phenomenon that was named the cry-wolf syndrome…also when false alarms are common decision makers ten to respond slower and are less likely to respond than when the alarms are more frequently justified. Cit 71.

Cognitive processes of warnings: the reliance on warnings is the result of two consecutive processes:  1) the decision of whether the warning justifies the allocation of cognitive resources and 2) the differential response that considers the warnings output. Cit 72

The mere presence of a warning may make the system seem somewhat less hazardous and may lead users to take slightly greater risks, even when the warning is entirely nonvalid and not directly used by users. Cit 72.
Presentation intensity has been demonstrated to be a key factor affecting detectability, compliance, and perceived urgency of nonverbal warnings. Cit 89.
Usability Development
· 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 (42)

· If the human factor specialist first analyzes what the user is doing in the larger system and what the user will do with a piece of equipment they can make dynamic design recommendations to improve the users ability to carry out functions and tasks that are critical to fob and system success (48)

· Technologies need the support of social structures that foster cooperation and coordination amongst individuals and institutions (7).

· Better systems must be developed to 1) prevent errors and 2) ensure that clinicians provide the effective care they intend to provide (87)

· The application of behavioral principles and data to system development results in more effective systems (29).

· Equipment and product design must not only consider the site of care and the conditions of use, but also the end user of the product (42).

· Errors can be reduced through human factors design techniques that include human capabilities and limitations (18) 

· Challenge is for designers to maximize benefits of technology and minimize stress on the operators (4) 

· Intelligent systems exhibit cognitive process that replicate, emulate and approximate human reasoning (96)

· Goal is to optimize total system (29)

· Problems arise due to inadequate completeness, poor usability, insufficient representation (77)

Usability Testing 

· Usability evaluation based on technical acceptance, operation effectiveness, clinical appropriateness, equip. selection (21)

· Obstacles found in field work are insufficient time, arrogance, bias, oversight, over study (6) 

· Human Factors Engineering is repetitive analysis, testing, refinement of design concepts, all with user input ( 41)


· Includes a set of experimental and analytic tools for quantitative assessment of how well any given object can be used by an individual having specific capabilities.  (2)
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
Definitions of human factors
Mental models provide predictive and explanatory powers for understanding interactions  Cit 1.

The systematic application of information about human abilities and behavior to the design and evaluation of equipment and the environment in which it is used. Cit 2

Adapted Access: The prescription and customization of hardware and software to facilitate such tasks as communication and other activities of daily living. Cit 2.

Digit travel may be defined as the displacement traversed by the digits in the horizontal or vertical planes as successive keyboard keys are activated.

Accidents that often arise from the linking together of latent and active failures and the breach of defense mechanisms.
Human performance is governed by memory stored rules; solutions acquired as a result of experience, training, or both.  
Mistakes arise as a result of misapplication of good rules or the application of bad rules.

The ecological approach views the interaction between organism and its environment.  When applied to human factors this suggests that the human operator and the environment are reciprocally coupled, they cannot be studied independent of one another
The ecological approach uses separate descriptions of the functional problem space, task goals,  and operator characteristics, assuming that observed behavior will be a function of the interaction of environment variables including 1) variations in the state of the system, 2) unpredictability of external disturbances, 3) operator characteristics such as skill level.  Cit 4.
The application of information about human behavior and characteristics in the design and testing of products, systems, and environments.
The development and application of knowledge about human physiology and behavior in the operational environment.  

The systems model:  any collection of elements that is organized to achieve a purposeful result.  Characteristics beginning and end not always clear, interdependence and interaction can have a significant effect on other systems, goals and objectives used to develop the system, and human performance defines and animates the system.
Human centered system design presumes that the cause of error is inherent in the system design and not in any single system element.  

Seven roles human 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.

human factors related to information processing pertains to research and development in attention, perception, memory, cognition, decision-making, learning, response, and motivation.  
All means by which human actions could adversely affect safety (mal-operation, maintenance error, violation of procedures);  all means by which human actions are relied on to prevent or minimize a safety-related loss (procedural controls, recovery actions);  those aspects of the system design that can either support or hinder effective human performance (operator/maintainer interface, manuals and training materials); those aspects of the operational context that need to be taken into account during the design and implementation of the system (operational philosophy, user capabilities, safety culture)

an applied science focused on minimizing human errors and optimizing performance where human beings interface with a  device.

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.

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

This is an exercise in which one writes down exactly what the system is supposed to do.  The operational requirements define 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.

Cognition:  viewed as involving a range of information processing capabilities, such as memory, decision making, learning, pattern recognition, and problem solving. Cit 64.

Human Computer Interaction: The studies of how people design, implement, and use interactive computer systems and how computers affect the individuals, organizations, and society. Cit 65
Media allocation refers to decisions about the access that actors have to different communication media in a system. Cit 68.
Safety is defined as the interrelationships and interconnections between parts of a system. Cit 68.
HFE is the discipline that uses methods and concepts to understand and build systems that are more efficient, comfortable, and safe. Cit 83

HFE is a discipline concerned with the design of tools, machines, and system that take into account human capabilities, limitations, and characteristics. Cit 83.
Ergonomics, usability engineering, and user centered design are considered synonymous Cit 83.
Critical thinking is a purposeful self regulatory judgment- a habit of mind. Cit 86.

Forcing functions: features that restrict the way in which tasks may be performed. Cit 92.

Corollary orders: many actions imply that another action should be taken; these dependent actions are called corollary orders. Cit 92.

Peripheralization: decreasing the direct control functions of the operator and increasing their peripheralization. Cit 93.

Trust: confidence or reliance upon the actions or information of another in an exchange. Cit 93.

Embedded systems: resident within a larger host and are constrained by the parameters, requirements, and performance of that host.  Cit 93.

Human Factors Engineering: the study of human beings and their interactions with products, environments, and equipment in performing tasks and activities. Cit 107.

Goals of Human Factors

Building a strong Human Factors foundation requires designing an optimal match between humans, their environments, technology, and the task at hand  Cit 1.

The systematic application of relevant information about human abilities, characteristics, behaviors, and motivations to execute certain functions. Cit 1.

Goal of human factors is to enhance the quality of interactions between humans and machines.  Cit 1.

Computers should be designed to match users mental organization of work including internal representations. 

Minimize the risk of acute and chronic work-related dysfunction. Cit 2.

The challenge for designers is to find ways to maximize the benefits of technology that can record and present vast arrays of highly detailed data, and minimize stress on the operators who must integrate all that data into useful information.  Cit 4.
The goal of human factors design is to develop user design requirements that leave little room for interpretation

Human factors and ergonomics inform the process of creating the OE.
The development of automation and computing systems have created a growing number of products that incorporate software programs to perform routine tasks.
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
In helping users articulate their cognitive activities an in representing that cognition, the analyst makes the users' thought processes understandable for use by designers of systems, interfaces, and devices.  Cit 47
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
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.  The goal is to optimize with respect to such criteria as speed of response, deviations of important variables, availability, and safety. Cit 57
Human Computer Interaction: encompasses ease of use, new interaction techniques for supporting user tasks, providing better access to information, and creating more powerful forms of communication. Cit 65
Task analysis, user centered design, and evaluation should all be part of the HCI curriculum for CS students. Cit 65.
HFE goals are to design for safe comfortable, and effective human use. Cit 83.

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

Streamlining care, catching and correcting errors, assisting with decisions, and providing feedback on performance. Cit 92

Human Factors Engineering: 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.
Failure to execute technology

Providers may choose to underutilize advanced technology options because basic features are easier to learn/execute while advanced features require extra energy.
Difficulties creating accurate mental models arise from several sources; among them, incongruencies in the image the computer system portrays.
Computer designers use a language that is foreign to nursing and other health care disciplines
A lack of consistency can create confusion about the message to be delivered.
Uninterpretable messages ominous messages may imply blame.  Nurses may not recognize error messages.  
Fallible decisions usually taken at the higher levels of the organization or within society at large (may be dormant for long periods). Cit 3

Nonlinear dynamics of complex systems with the following characteristics:  1) simple rules of addition and proportionality are not applicable, 2) tiny variations in initial conditions can have dramatic effects aka the butterfly effect. Cit 3.

Knowledge based errors are relevant in unfamiliar situations when action must be improvised.  Attributable to the learner.  Origins  found in situations in which non compliance seems to be justified to accomplish the task.  
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 
accidents are created by the interaction of potential side effects of the performance of several decision makers during their normal work.
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.
HCI is critical to the success of products in the market place, as well as safety, usefulness, and pleasure of using computer-based systems. Cit 65.
In high consequence systems two contradictory tendencies seem to coexist: 1) the deployment of advanced technology can lead, by automating inefficient and error-prone tasks, to improvements in both performance and safety; 2) the introduction of new technology may have negative and unanticipated consequences, by adding complexity to systems in which the ability of humans to act effectively is of extreme importance. 

Cit 68.
Often when wrong actions are chosen critical thinking is not being used effectively or is not used to design the process. Cit 86.

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.

High level system complexity: may result in increased numbers of subsystems between operators and the technology. Cit 93.

Outcomes

Improved workspace design and increase task productivity

Prescribe devices with the greatest potential for productivity.
Digit loading is a source of acute and chronic occupational stress and one of the factors limiting computer usage by the physically disabled.  Cit 2.

Microcomputer technology offers numerous opportunities for physically disabled individuals to live with greater autonomy.  
The estimated contribution of human factors to accidents in hazardous technologies varies between 30% and 90%
Unsafe acts committed by those at the sharp end of the system (ie nurses, surgeons, train drivers, etc)
Human performance is automatic; associated with forms of attentional capture, such as distraction or preoccupation, and are unavoidable.  Typically involve corner cutting. Cit 3.

Deliberate acts of deviation from safety precautions.
Identifying the constraints in the environment
Complex dynamic systems tend to have long time constants that delay the system's response to a control action and because the performance of many automated controllers must be monitored simultaneously, operators' detection and control burdens can be overwhelming.

Assumes 1) user errors cannot be completely eliminated, 2) the likelihood of user errors will increase when a system is poorly designed, and 3) user's overall work environment can also contribute to errors.
The brain can process 5-9 items or chunks of information at any given moment
What does the user have to be able to see?  What does the user have to be able to hear?  What does the user have to reach and manipulate?  Is there enough room to work?  Is there potential for inadvertent activation or disturbance of controls? Is the work space adequate for emergency situations? What other systems or devices are in use?

The sum of all the products, services, environments, and systems that humans have produced comprises the operational environment (OE).  
Four issues have immediate implications for human centered design:  clumsy tools, interdependency, the role of humans, and capabilities of intelligent products.

(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).
effects of forces on the motions of material bodies or with changs in a physical or chemical system.  
motion separate and apart from considerations of mass and force

Human adaptive ability can significantly influence observations and data collection because humans change their behavior when they know they are being watched. 

No control system will perform better than its measuring channel.

User acceptance of information technology is fundamental to enhance performance and to hit the target of efficiency.  Cit 50
Informaticians and designers think that a key barrier to user acceptance of computers is the lack of user friendliness. Cit 53
Lindberg indicated one of the major challenges for computing and communications is achieving a better fit between computers and the way people work.  Cit 53

Major concern is the optimization of nurse computer behaviors in the performance of work.  At a basic level nurses initiate interactions by turning on a computer, entering commands into the interface, examining a computer screen, and retrieving nursing information.  Cit 63
HCI research has indicated that there may be demographic and cognitive characteristics associated with the ability of computer users to perform well. Cit 64.

The introduction of technology may have the effect of transforming tasks, creating new demands, and placing additional requirements on the humans in the system. Cit 68.

Much HCI literature focuses on heuristic evaluation of different aspects of interface design..in addition MECHA focuses on cooperation and hazards.
Cit 68.

People may learn to ignore frequent false alarms a phenomenon that was named the cry-wolf syndrome…also when false alarms are common decision makers ten to respond slower and are less likely to respond than when the alarms are more frequently justified. Cit 71.

Cognitive processes of warnings: the reliance on warnings is the result of two consecutive processes:  1) the decision of whether the warning justifies the allocation of cognitive resources and 2) the differential response that considers the warnings output. Cit 72

The mere presence of a warning may make the system seem somewhat less hazardous and may lead users to take slightly greater risks, even when the warning is entirely nonvalid and not directly used by users. Cit 72.

basic design principles of HFE include:  1) provide users with feedback after each action, 2) make the functions of 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 74.

We can use HFE to see why people’s actions and decisions make sense. Cit 83.

User centered design: process focuses on user needs, user characteristics, and end user testing of the human-machine interface…iterative design and testing is used throughout the design cycle based on feedback from user testing. Cit 83.
Reason…error types originate in the conceptual, storage, and action stages of the thought process. Cit 86.
Presentation intensity has been demonstrated to be a key factor affecting detectability, compliance, and perceived urgency of nonverbal warnings. Cit 89.

Error can be reduced by facilitating more rapid responses after an adverse event and by tracking and providing feedback. 92.

Safety critical systems: Interactions can enhance or reduce system efficiency, enhance or compromise safety, augment or negate other benefits that technology provides. Cit 93.
Four levels of failure due to unsafe acts, preconditions for unsafe acts, unsafe supervision, and organizational influences. Cit 110.

Unsafe acts: classified into errors and violations which represent the mental or physical activities of individuals that fail to achieve their intended outcomes.  Three basic error types include skill based, decision, and perceptual with two forms of violations including routine and exceptional. Cit 110.
Methods

Includes a set of experimental and analytic tools for quantitative assessment of how well any given object can be used by an individual having specific capabilities.  
Device customization entails modification of the device to suit the specific abilities and needs of the client best. Cit 2

Device prescription involves the replacement of those functions normally accomplished by standard input devices (keyboards and pointers) with alternative devices that are capable of modifying, substituting, or emulating standard data entry modes.  Cit 2    
Design modifications to reduce digit travel has occurred via alternative alphanumeric layouts on keyboards, novel methods of data entry, and modification of the displacement properties of individual keys.  Cit 2.

Measuring the force that must be exerted by the digits to activate the keyboard keys. Cit 2.

Device positioning: fundamental component which relates device height, proximity, and angle to the placement of keyguards, alternative switchboards, or switches.  Cit 2.

The orientation and placement of low and high technology assistive devices has long been accepted by therapists to be of great importance to the productivity, comfort, and wellbeing of the client.  Cit 2.

Determining which subsystems to represent on an interface, representing relationships among subsystems.

there is evidence that suggest when a careful, goal-relevant analysis of the task environment is conducted, a more parsimonious description of human performance is possible Cit 3.

Task analysis is performed by recording the systems response to each user action.  The flowcharts and task descriptions thus generated can be used to document how certain actions of the system or user result in error.
Task analysis questions:  Have all the users tasks been account for?  Are the tasks correctly described?  Are they arranged in logical order?  What are the consequences of performing a task incorrectly?  What information does the user need to recover from an error?  What tasks will be performed by the computing system?  what hardware will the user need to perform each task successfully?

Attention has three forms selective attention, focused attention, and divided attention.
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.
User centered interaction is a 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.

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.  
types of human factors research: Observational, evaluative, descriptive, and inferential
Human factors has translated social science methods into the study of how humans act and interact in the operational environment
Activity analysis- accounts for anything a person might do while performing a task.
four obstacles to insight while performing field work:  insufficient time, arrogance and bias, oversight, and over-study

four guidance social behaviors for observers to avoid impediments:  gaining entrée, reciprocity, tolerance for ambiguity, and personal determination coupled with faith in oneself
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 users ability carry out those functions and tasks that are critical to job and system success. 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.  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

Workload Analysis: Permits the HF specialist to determine the effort invested by the operator into task performance to successfully complete tasks.  Cit 48
Constructive technology assessment: to provide practical guidelines for the subsequent software design-development phase and to redefine product requisites starting from evolved users needs.  Cit 50

Usability techniques formally assess the user friendliness of a system, its efficiency, and effectiveness, and user satisfaction in completing job related tasks. Cit 53.
Spatial and 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.
Human Computer Interaction: involves input and output devices and interaction techniques that use them; information presentation and requests; how computer's actions are controlled and monitored; all forms of help, documentation and training; tools used to design, build, test, and evaluate user interfaces; and processes developers following during creative processes. Cit 65.
Cognitive walkthrough: a method to determine if user will be able to perform the right interaction. Cit 68
MECHA (Method for Evaluation of Cooperation, Hazards, and Allocation) seeks to remedy some of these problems by incorporating 3 elements: 1) requires task modeling and the identification of scenarios of use; 2) analyzes possible user deviations; 3) considers the cooperation between different individuals in the system. Cit 68

This research addresses the question of adaptive changes in responses to a binary warning signal that informs the user about the value of a variable, relative to a cutoff point. Cit 71.

Contingent criteria model (Robinson & Sorkel, 1985)  In this model the operator judges the values of a continuous variable with different response criteria, depending on the output of the decision aid. Cit 71.

Human factors research should take an active role in the specification of these warning signals and in their integration into the overall user interface. Cit 72.

Human factors design process should consists of several activities including: 1) continuous involvement of representative users, 2) field observations to understand actual conditions, 3) task analysis to identify the job demands and performance bottlenecks, 4) inclusion of HF design principles to ensure technology is compatible with human capabilities and limitations, 5) iterative design process enhancing feedback, 6) experimental evaluations of detailed design prototypes with representative users, and 7) post market surveillance to ID threats to safety. Cit 74.
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.  Cit 86.
Human errors factors: similarity matching, rule based errors, and high risk issues. Cit 86.

Usability evaluation: level of refinement of the user interface considered or the amount of user involvement in the evaluation.  Cit 88.
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.
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.

Smart monitors: can assist clinicians to sift through data by looking for and highlighting signals that suggest decompensation in a patient. Cit 92.

Neural network decision aides: allow many factors to be considered simultaneously in order to predict a specific outcome.  Cit 92.

Intelligent systems: exhibit cognitive processes that replicate, emulate, or approximate human reasoning. Cit 93.
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.

Cognitive pathway: provides a clear perspective of how and whn an RN conducts activities of the nursing process and the type of interruptions within the work setting that create barriers. Cit 107.

Models

A system is more than the sum of its parts; built from the top down system oriented approach

nurse computer interaction framework: conceptualizes the nurse-computer interaction as a task-based information exchange between nurses and computers. Cit 53
Existing human-computer interaction and nursing informatics frameworks are inadequate for studying the spectrum of elements important to the nurse-computer interaction process. Cit 63

Developmental psychologists view interactions as members of a dyad relating in a system of mutual influences and behaving according to respective characteristics. Cit 63
Human Factors: This discipline focuses on the interaction between technology, people, and their work context.  HF has sometimes been narrowly associated with HCI design guidelines.

Human Factors Engineering: a framework for efficient and constructive thinking which includes methods and tools to help health care teams perform patient safety analyses, such as RCA. Cit 83.

HFE is based on design related aspects of biomedical disciplines: anthropometrics, biomechanics, sensation and perception anatomy and physiology, cognitive psychology, human performance, memory and attention. Cit 83.

Several features of safety conscious culture include 1) awareness of imperfection and risk and an urgency to improve; 2) organization acknowledges and looks for error; 3) once causes are identified personnel are retrained and ongoing surveillance continues. Cit 98.
Human Factors Engineering: used as a framework for constructive thinking to help healthcare teams perform patient safety analyses. Cit 107.
BLUE
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Usability techniques

· Healthcare has been slow to adopt usability techniques that have long been used large corporations. (53)

· The lack of user friendliness is the key barrier to user acceptance. (53)

· Human factor engineering has important implications for the design, regulation, and procurement of information technology. (74)

Perfecting Operational Systems
· Mass customization of information technology has allowed the production of efficient and reliable goods and services according to the highly personalized needs of individualized customers. ((92)
· Little effort has been put forth to perfecting operational systems. (92).

· Early testing helps ensure that design deficiencies are identified and rectified before the system is fielded. (83)

Human factor specialist

· Majority of errors are due to flaws in the system rather than a flaw with the operator. (8)

· Minimizing human error is the primary goal of any human factors design. (8)
· The prudent human factors specialist clarifies trade-offs among system goals before continuing the design process rather than after a design is finished. (8)
Comfortable human use

· HFE provides the ability to evaluate people’s actions and decisions. (83)
· An HFE process is the foundation of “user centered design”. (83)

Safe human use

· Human factor design principles emphasize the importance of creating significant differences between serious and less serious warnings. (92)

· If a potential hazard cannot be “designed out”, then it should be guarded against. (69)

· Adequate warning systems should be developed if guarding against the hazard is not possible. (69)

· Information technology can reduce rate of errors in three ways:  by preventing errors and adverse events, by facilitation a more rapid response after an adverse event has occurred, and by tracking and providing feedback about adverse events. (92)

Familiarity

· Familiarity leads to increased hazard perception, which, presumably, could lead to an increased search for and noticing of warnings. (69)

· Conversely, familiarity with other products might lead to decreased hazard perception and thus a decreased search for and noticing of warnings.  Familiarity might thus have differential effects on noticeability. (69)

LT. YELLOW

Human Factors Design (Lt. Yellow)

Human Factors Design/Engineering (HFE)

1. Closely related or synonymous with ergonomics, usability engineering, and user centered design. (83)

2. Is a hybrid discipline which focuses on the human component within complex organizational systems. (46)

3. Concerned with design of tools, machines, and systems that take into account human capabilities, limitations, and characteristics (83)

4. Processes focus on user needs and characteristics, and end user testing with iterative design and testing. (5)

5. Goal of human factors design is to develop user design requirements that leave little room for interpretation, error, or workarounds. (5, 6, 49)

6. Work environment contributes to errors. (5)

Potential Benefits of Using HFE for Developing Products

· To the vendor of products

· Increase user appeal (6)

· Reduce liability (49)

· Ensure technology is compatible with human capabilities and limitations (74)

· To providers

· Increase worker productivity and efficiency (6, 49) 

· Increase reliability and flexibility(6)

· Lower ratings of mental workload (18)

· Improve safety and reduce errors and accidents (3, 18, 49)

· Minimal training manpower costs (6) 

Key Human Factors Design Principles

· Mistakes arise as a result of misapplication of good rules or application of bad rules.  Important to have clear rules to eliminate misinterpretation. (3)

· System response to each user action needs to be recorded. (5)

· In order to be effective, there needs to be a systematic method of accounting for all behavioral interactions between the person and system. (6)

· Human factors requirements must be quantifiable. (6)

· Provide users with prompt and salient feedback after each action. (18)

· Make the functions of the various controllers clear. (18)

· Make it possible for the user to determine the current state of the device, easily identify which controls can be used to alter the state of the device, and maintain a conceptual model of the device operation that corresponds to the actual operation of the device.(24)

· Analyze what the user is doing in the larger system and what the user will do with a piece of equipment.  Understanding this relationship allows design recommendations that can improve the users’ ability to carry out those functions. (48)

PURPLE

Human Factors Design (Purple Tab)

Human Factors Design/Engineering (HFE)

7. Closely related or synonymous with usability engineering and user-centered design. (45, 83)

8. Takes into consideration the system of the user, the technology, and the work that needs to be accomplished.(45, 60) 

9. Incorporates key aspects of users such as their capabilities, their behavior, their performance, their utilization, their safety and health, and their limitations (6, 67).

10. Human capabilities include physical characteristics, sensory characteristics, perceptual abilities, cognitive abilities, and mental models (41)   Perceptual and cognitive abilities include attention, memory, decision-making, learning, response mechanism, and motivation (6)

11. Applies the knowledge about humans to the design of products, systems, and services to make them more effective, safer, and more comfortable to use.  (6, 45) 

Potential Benefits of Using HFE for Developing Products

· To the vendor of products

· Reduce exposure to litigation related to mishaps with the product (22) 

· Gain more market share through increase sales of attractive products (22) 

· Address regulatory agencies increased focus on user interface design (22) 

· Lower development costs (22, 65) 

· Reduce problems with current products (22)

· Adapt to advances in technology (56)

· To providers

· Increase worker productivity and efficiency (65, 6) 

· Decrease cost of work (65) 

· Improve safety and reduce errors (67, 6, 18)

· Lower training costs (22, 6) 

Key Human Factory Design Principles

· Provide feedback to users upon making an action.  This feedback should follow quickly after the action. (18, 74, 55)

· Make the functions of controls clear and obvious to the user (18, 74)

· Make displayed messages easy to understand (18, 74)

· Reduce the memory load (18,74)

· Provide shortcuts to functions (18, 74) 

· Provide clear exits. (18,74) 

· Provide better access to data that the user needs to accomplish their task (65)

· Prevent and handle hazards appropriately with warnings. 

· First, attempt to the design the system so that the hazard cannot occur. If that doesn’t work, then provide the appropriate warnings. (69) 

· Warnings need to identify the severity of the hazard (58, 69)

· Warnings need to describe the problem (58, 69)

· The consequences of not taking action against the hazard should be clear to the user  (58, 69) 

· Warnings should clearly communicate what is required to remove or reduce the hazard (58. 69) 

· Attempt to reduce some of the limitations and problems with warnings

· Users with high memory load are less likely to notice warnings (69) 

· Avoid cry-wolf syndrome: too many false alarms tend to make users slower to respond or less likely to respond (71)

· A warning system may lead the user to take on greater risks (72) 

The Process of HFE

· Overall Process Involves:

· Users, developers, and subject matter experts must work together.  Users must be involved from the beginning and throughout the process.  (22, 74, 96)

· Overall an iterative process to allow frequent feedback and improvements (74, 96) 

5. Analyze/Investigate the users, their tasks, and their environment: 

· Analyze what the user does within the context of the larger system (48)

· Who are the users and their characteristics? (22) 

· What are the tasks that need to be accomplished? Are there bottlenecks? (22, 74)

· What are the characteristics of the environment? (22) 

· What are the interactions between the user, the environment, and the technology?  One of the best methods to collect this information is through observation. (48,74 ) 

6. Analyze previous systems that attempt to or fulfill the needs.   What worked and what did not? (3) 

7. Design the System

· Objectives Definition: What are the users, in conjunction with the system and environment, supposed to accomplish? (48) 

· Functional Analysis: What are the required functions to meet the objectives ?(48) 

· What are the critical design requirements for efficiency and safety? (48, 67) 

· Target Audience Description:  Who will be the users? (48) 

· Function Allocation:  What functions will be performed by humans and what functions will the technologies do?  What are the roles of the humans?  (48, 67) 

· Pick the best design with the appropriate trade-offs (48) 

8. Test and Evaluation:  The purpose of testing and evaluation is to determine the system’s effectiveness, safety, and usability (48) 

TURQUOISE

Human Factors (HF) Design: Turquoise

HF Key Concepts:

· In providing HF design guidance: Design prototypes and other context-rich sources of information support designers. In the design process multiple interactions with designers from different disciplines are considered constraints for the designers. (17)

· Risk Management Framework in socio-technical system: Decisions at higher levels should propagate down the hierarchy; whereas information about current state of affairs should propagate up the higher hierarchy. These interdependencies across levels of hierarchy are critical to successful functioning of a system as whole. Researchers conducting horizontal research have less impact on reducing risks unless vertical integration is achieved. System design implications must be adopted to reduce risks in socio-technical systems. (17)

· Critical Incident  (CI) ore occurrences that led if not discovered or corrected in time will lead to an undesirable outcome ranging from increased length of stay, death or permanent disability  (31)

· Use HF checklist combined with interview guide and structure to probe background factors and conditions of work related to equipment, staffing, workload and communication.(46)

· Human Factors Engineering (HFE) application in healthcare can increase safety, enhance efficiency, reduce liability and determine what made a human error possible or inevitable. (49)

· Advanced equipment and automation do not cure HF problems, they merely relocate them (54)

· Healthcare organization is considered an inverted pyramid. The broad blunt end on top consists of managers, administrators and regulators with pre set policies and enforce rules. Consequences of poor decisions made at this end are called latent failures. MDs and nurses are at the sharp end of the pyramid and mistakes are active failures and often with serious consequences.  Behavior of those at the sharp end must be viewed in the context of the demand and constraints established by the people at the blunt end. Ability of the people at the sharp end to prevent adverse incidents depends on those factors determined at the blunt end. (54) (46) (110)

· Human Computer Interaction (HCI) encompasses the ease of use, new interaction techniques for supporting user tasks, providing better access to information and creating more powerful forms of communication. Involves: (65)

1. Input and output devices and interaction techniques that use them

2. Information presentation and requests

3. How computer actions  are controlled and monitored

4. All forms of help, documentation and training 

5. Tools used to design, build, test, and evaluate user interfaces

6. Process developers following during creative processes

· Processes, tools and techniques from HCI decrease costs and increases productivity. HCI is critical to the success of products in the market place, safety, usefulness, and pleasure of using computer-based systems. (65)

· A general tenet of human factors design should be ensured through design of the system. Potential hazards should be guarded against. If guarding against is not possible then an adequate warning system should be developed.  Familiarity hazard perception, and information seeking influences the degree to which a warning should be noticed. Individuals operating under a high memory load would be less likely to notice warning information. Elements of warning:

1. Signal word to convey the gravity of the risk 

2. Nature of the hazard

3. Consequences if the warning is not heeded

4. Instructions to reduce the hazard. (69) (106)

· Specialists in human factors research should take an active role in the specification of warning signals and in their integration into the overall user interface. Reliance on warnings is the result of two consecutive processes:  1) the decision of whether the warning justifies the allocation of cognitive resources and 2) the differential response that considers the warnings output.(72) (106)

· Applying usability concepts to clinical computing means instantiating designs or purchasing systems that require a minimum of learning so users can quickly begin work. If systems are easy to remember, they will support intermittent usage by nurses or advanced practice nurses. Users should find interactions suitable, unobtrusive, facilitative of desired tasks, and indicative of overall user satisfaction. The system should be efficient for all levels of users from beginner to expert by allowing menus and other aids for new nurses as well as shortcuts for nurses experienced with the CIS. Usability implies error-trapping to prevent catastrophic errors and the facility to undo actions where and when reasonable. (96)

· Axioms of Usability: (96)

1. There must be an early and central focus on users in the design, development, and purchase of systems. A central focus on users means understanding users in depth. Designers, informatics nurse specialists, or human factors specialists will have direct contact with users in structured, systematic approaches at the beginning of design, not when the system is nearly ready to be deployed. 

2. Applications must have iterative design. Once prototype is available, users work with designers to determine both effectiveness and efficiency, suggesting valid redesign to enhance both of these usability axioms. Identified usability problems are referred back to designers for correction and reevaluation by users in a recurring cycle known as iterative design. Several sequences usually are required to meet basic requirements.

3. There must be empirical usability measures or observations of users and information systems. Quantitative measures or systematic but less formal observations of users as they interact with applications must be conducted.

· Human Factors Analysis and Classification System (HFACS). Framework that bridges the gap between theory and practice by providing investigators with a comprehensive user friendly tool for identifying and classifying the human causes of accidents. Encompasses all aspects of human error. (110)

Benefits of Incorporating HF concept into the Design of the Clinical Information System: (96)

1. Allow for correct data entry, display, and interpretation

2. Contribute to sound clinical decision making, potentially preventing errors.

3.  Allow for decreases in the time to complete tasks; disruptions, training time, software rewrites, burden on support staff, and frustration. 

4. Usability techniques can streamline data entry and allow for a 10-fold decrease in the average number of reported user problems.

Categories of HF Errors: (31)

4. Technical errors:  action taken which are not the action intended; arises from deficiencies of technical skill or from poor HF design in the equipment or apparatus involved.

5. Judgment errors: action represents a bad decision, arises from lapses in training or poorly developed decision making skills.

6. Monitoring and vigilance failures: failures in which the essence is a failure to recognize or act upon visible data requiring response
Levels of Failures: (110)

5. Unsafe Acts:  Errors  (Skill-based; Decision; Perceptual) and Violations (routine violations habitual by nature and tolerated by the governing authority; exceptional violations, neither typical of the individual or condoned by the authority)

6. Preconditions for Unsafe Acts (Substandard Conditions of Operators; Substandard Practices of Operators. Dig deeper into why the unsafe acts took place. 

7. Unsafe Supervisions

· Inadequate Supervision

· Planned Inappropriate Operations

· Failed to Correct problem

· Supervisory Violations

8. Organizational Influences Refers to the organizational factors Influencing accidents:

· Resource Management

· Organizational Climate

· Organizational Process

Proactive Measures to Prevent Human Errors in the Use of Information Technology: (49) (92) (31)

15. Evaluation of currently employed system for efficiency and error potential

16. Evaluation of system prior to purchase

17. Evaluation and enhancement of facility

18. Design and evaluation of procedures

19. User education/in-servicing

20. Required monitors must be available and used correctly with alarm limits and alarm volume.

21. Anesthesia equipment should be regularly serviced by authorized personnel and equipment updated to confirm existing requirements.

22. Pre-use checkout of delivery system should be developed by institution. FDA requires that a backup means of ventilation should always be available and functioning. 

23. Improving Communication through computerized coverage system for signing out; wireless PDAs; wireless access to EMRs

24. Providing Access to Information

25. Requiring Information and Assisting with Calculations. Forcing functions are features that restrict the way in which tasks may be performed. Corollary Orders are dependent actions resulting from previous actions taken.

26. Computerized monitoring is looking for relations and trends and highlighting them, which can permit clinicians to intervene before an adverse outcome occurs.

27. Decision Support

28. Rapid Response to and Tracking of Events
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SKY BLUE ANALYSIS

Human-Computer Interaction Theories or Human Factors Theories
·  Optimization of the interaction- human factors is concerned with the optimization of the  

       interaction between the human and the physical component. (10)

·  Kinetics- effects of forces on the motions of material bodies or with changes in a physical or chemical system. (6) 

·  Kinematics- motion separate and apart from considerations of mass and force (6)

·  Actions- nurses control the interaction process, must have confidence or reliance upon the actions or information of another in an exchange (93) 

·  Interactions- the study of human beings and their interactions with external factors to perform tasks and activities (107) human factors is the study of the interaction between people, machines, and their work environment. Knowledge from this is used to create systems and work environments to make people more productive. (1) Goal of human factors is to enhance the quality of interactions between humans and machines.(101) Mental models provide predictive and explanatory powers for understanding interactions (1) 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. (6) Developmental psychologists view interactions as members of a dyad relating in a system of mutual influences and behaving according to respective characteristics. (63) help create a visual image of system interactions and assist in keeping track of location within various computer paths and programs. (64) interactions can enhance or reduce system efficiency, enhance or compromise safety, augment or negate other benefits that technology provides. (93) 

·  Systems- should be designed to mirror users’ mental organization of work methods (1), complex systems tend to delay feedback as response to control action (4), systems model- any collection of elements that is organized to achieve a purposeful result (6), system is whole consisting of  interacting parts that talks to itself using relationships (7), systems should improve quality of life (10)

Human Information Processing
·  Internal Representations- Creation of an accurate mental model eases computer interactions. (1)

·  Information processing- design tools must take into account distinctions between stages of information processing within humans, acknowledge human situation (age, stress, workload) (11) ability for attention, perception, memory, cognition, decision-making, learning response, motivation (6), involves a range of information processing capabilities including memory, decision making, learning, pattern recognition and problem solving (4)

·  Higher order variables- complex interaction such as processing relationship between variables (4)
·  Performance- complex dynamic systems can lead to delayed response due to overwhelming stimulus (4), definition of systems model- any collection of elements that is organized to achieve a purposeful result (5), time to perform tasks and error rates must be measured (6), accidents are created byt eh interaction of potential side effects of the performance of several decision makers during their normal work. (11)

·  Decisions- 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.  p. 272. (7) Little research exists to date on variability and unreliability within processes of care as opposed to variability in decisions.  Decisions are only one source of variability in processes; others include equipment, environment, rules, and measurement methods. (61) 

·  Human machine system-  the study of human beings and their interaction with products, environments, and equipment in performing tasks and activities.  The central focus of study within this domain is the human machine system. human machine system: a combination of one or more humans and one or more physical components to transform inputs into desired outputs.  This interaction takes place within an environment that encompasses the task environment and social and organizational environment. a human machine system is some combination of humans and machines which interact to achieve the goals of a system. (10) 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, fatique, sleep deprivation, naps, circadian changes/shift work, sleep loss/performance, rest schedules, boredom, workload/task characteristics); and equipment components (system errors/risk assessment, alarms/vigilence, automation). (37) 

·  Feedback- it is important to provide feedback after each action and at each level, feedback should be immediate and minimize the user memory load as much as possible, (7, 12, 55, 74, 79)

Requirements Analysis

        Functional Analysis
·  System reliability- refers to the dependability of perfomance of a system, subsystem, or system component in carrying out its intended function for a specified period of time. (10)

 Usability Design
·  Embedded systems- resident within a larger host and are constrained by the parameters, requirements, and performance of that host. (93)

·  High level system complexity- may result in increased numbers of subsystems between operators and the technology (93)

·  Operator calibration- 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. (12)

·  Peripheralization- decreasing the direct control functions of the operator and increasing their peripheralization (93) 

·  System classifications- two different types of system variables: physical variables and behavioral variables. (10)

·  Automated delivery systems- bar coding; automated delivery systems; alerting, frequently to blame for medical errors  (101)

Usability Testing 
·  Device positioning- Fundamental component which relates device height, proximity, and angle to the placement of key guards, alternative switchboards, or switches.  
BLUE GREEN

Concept:  Human Factors

Note:  Words in red indicate the most weighted terms within the context of the document provided.  

Definition:  The systematic application of information about human abilities and behavior to the design and evaluation of equipment and the environment in which it is used (Sanders ME and McCormick EJ, 1987).   

Related terms:  
Calibration (as a parent term)  to user, technology, and  system; ergonomics, Human Computer Interaction

Relation to Concept:  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.


Origin of Concept:  At times, ergonomics is separated from human factors .  Ergonomics is most closely associated with constructed materials, and human factors is most closely associated with human abilities. (most weighted terms:  device height, keyboards, placement, proximity, device, digit)

 Shift in Definition:  Potential shift from technology as a reduction in workload, to that of monitor, exception handler, and manager of automated resources 

Concept across disciplines:  Differences between thinking of machines as intelligent and rational versus responsible exist.  Therefore, systems need to be designed that comply with requirements of human-centered automation where predictability, accountability and dependability are evident.

Relevant Theories:  Cognition and engineering, learning, education, systems, social science and CTA.  (Interestingly, no information theories, computer theories were mentioned in the reviewed document.)  

Notes:  Clinicians typically prescribe (perhaps use?) devices with the greatest potential for productivity.   

The orientation and placement of low and high technology assistive devices has long been accepted by therapists to be of great importance ot the productivity, comfort, and wellbeing of the client.
Design modifications to reduce digit travel has occurred via alternative alphanumeric layouts on keyboards, novel methods of data entry, and modification of the displacement properties of individual keys.   
RED
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Usability and Clinical Design

Definitions
Human factors: The development and application of knowledge about human physiology and behavior in the operational environment.  Cit 6

Ergos (work) and nomos (natural laws)
Human factors are the study of the interrelationships between humans, the tools they use, and the environments in which they live and work. Cit 19

Human factors engineering:  The application of knowledge about human behavior, abilities, limitations, and other characteristics to the design of tools, machines, equipment, devices, systems, tasks, jobs, and environment to achieve productive, safe, comfortable, and efficient human use. Cit 20

Human factors are the study of how humans accomplish work-related tasks in the context of human machine-system operation and how behavioral and non-behavioral 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

Human factors and ergonomics:  the laws of work--the study of human behavioral and biological characteristics for the appropriate design of the living and working environment.  Cit 39

Ergonomics as viewed by the ergonomic profession is the study of humans to gather data and establish principles regarding human characteristics. Cit 39

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.

HFE seeks to understand and enhance the role of human beings in complex systems, can provide a critical advantage in dealing with human error in healthcare. Cit 49

Human factors or cognitive ergonomics:  a discipline which includes cognitive ergonomics, but only as it addresses human-computer interactions..This usage is contrasted with HF as a discipline which more generally addresses human-machine interactions. Cit 60

Human computer interaction:  a superordinate to HF..it is a discipline addressing a general design problem expressed informally as "to design human computer interactions for effective working".  Cit 60

HF seeks to support systems development through the systematic and reasoned design of human-computer interaction.  Cit 60

HCI is specifically conceptualized as interactive work systems consisting of human and computer behaviors together performing work.  Cit 60

HCI the study of how people design, implement, and use interactive computer systems and how computers affect the individuals, organizations, and society. Cit 65

HFE 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

Human factors is the discipline concerned with the design of tools, machines, and systems that takes into account human capabilities, limitations, and characteristics. Cit 75

Human factors the study of interrelationships among humans, the tools they use, and the environment in which they live and work. Cit 80

HFE is a framework for efficient and constructive thinking which includes methods and tools to help health care teams perform patient safety analyses, such as root cause analysis.  Cit 83

HFE and Ergonomics is the study of how human beings interact with their environment for useful purposes.  Cit 84

Human factors: subsets of human-computer interaction, ergonomics, and usability. It is the scientific study of the interaction between people, machines, and their work environments. Cit 96

HCI is the study of how people design, implement, and use interactive computer systems, and of how these systems affect individuals, organizations, and society.  It is a global term encompassing an array of topics addressing the design of objects for use by humans. Cit 96
Human factors engineering used as a framework for constructive thinking to help healthcare teams perform patient safety analyses. Cit 107

Human factors engineering is the study of human beings and their interactions with products, environments, and equipment in performing tasks and activities. Cit 107

HFE is the science devoted to the interaction of people and systems and the ways they influence each other. Cit 108

Synonyms
Human computer interaction also human machine cooperation. Cit 27

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

Ergonomics, usability engineering, and user-centered design can be considered closely related to or synonymous terms. Cit 45

Ergonomics, usability engineering, and user centered design are considered synonymous Cit 83.

HFE and ergonomics are synonymous. Cit 84

Frameworks
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

The systems model:  any collection of elements thaqt is organized to achieve a purposeful result.  Characteristics beginning and end not always clear, interdependence and interaction can have a significant effect on other systems, goals and objectives used to develop the system, human performance defines and animates the system. Cit 6

Human Centered Design:  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.

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.

Social Science:  Human factors has translated social science methods into the study of how humans act and interact in the operational environment p 107.Cit 6.

Humanistic view :  they focus on people for example cognitive psychology studies how the human mind works an understanding of 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.

Human-tech:  compound word reminding us of people and technology;  hypen 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.  Cit 7.

Super-Humanistic approach:  expects people to be flawless even if systems are designed to be incompatible with everything we know about human nature.  Cit 7.

The development of automation and computing systems has created a growing number of products that incorporate software programs to perform routine tasks. Cit 6

Opposing beliefs in human factors have several foci, but I hypothesize that those center on the dichotomy of research and application. Cit 29

HF is unique in that it is the only behavioral science that is also in its application mode engineering oriented.  Cit 29

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

Because of its engineering background, HF is the only behavioral discipline tied to technology. 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

Research is characterized by the slow, deliberate, systematic order of topics addressed and the accretion of knowledge that does not have to satisfy immediate utility requirements, but the engineering environment is frenetic, time-stressed, pragmatic, and utilitarian.  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

Purely research from a psychological behavioral perspective on human factors. Cit 31

The traditional human factors concerns of sizing and arranging physical controls date back to the pre-computer era, when there was a mechanical and static relationship between controls, indicators, and actions.  Cit 38

Two distinguishing features of ergonomics throughout history...interdisciplinary in nature and its system approach to the human-work relationships.  Cit 39

The ergonomics professional views applied ergonomics as being synonymous with human factors engineering.  Other terms used to refer to applied ergonomics are: human engineering, engineering psychology, applied experimental psychology, biomedical engineering, and system research. Cit 39

In essence, the ergonomist views the system as a gestalt--more than the sum of the individual components--and evaluates it appropriately. Cit 39 

Human factors engineering draws on design related aspects of several biomedical disciplines.  HF takes a systems perspective: a human is receiving input from a machine, processing the input, and creating output that goes to the machine.  Cit 45

medical decision making and management science. Cit 45

Human factors is a hybrid discipline which focuses on the human compnent within complex organisational systems.  Cit 46

Reasons Organisational Accident Model was develop for use in complex industrial systems as a mechanism for understanding the causes of serious accidents and to identify methods of accident prevention.  Cit 46

Cognitive engineering--involves applying theories and methods of cognitive psychology to gain an understanding of the working practices and cognitive processes (reasoning and decision making) of the eventual system users. Cit 52

Social psychology theory distinguishes between attempts that assume that the target individual systematically processes the persuasive messages and social influence attempts that assume heuristic processing focus on the quality. Cit 59

Distinction is drawn between the disciplines of HF and software engineering.  Cit 60

The scope of HCI includes humans, computers, and work. Cit 60

Polson and Lewis's theory of learning through exploration. Cit 65

computer science, cognitive psychology, social psychology, perceptual psychology, linguistics, artificial intelligence, anthropology. Cit 65

Ecologic psychology's theory of perception and action.  Cit 78

Psychological theories of human error. Cit 79

Cognitive psychology including the development of connectionist models of memory. Cit 79

Human factors engineering, reliability sciences, group dynamics, communication theory. Cit 80

Based on design related aspects of biomedical disciplines: anthropometrics, biomechanics, sensation and perception anatomy and physiology, cognitive psychology, human performance, memory and attention.  Cit 83

Applying psychology to engineering to create more useful objects.  Cit 96

HCI combines psychology or cognitive science, applied work in computer science, sociology, and information science into the design, development, purchase, implementation, and evaluation of applications. Cit 96

HFE drawn from industrial engineering, ergonomics, and mathematics. Cit 107

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

Cognitive science incorporating theories and methods from psychology, linguistics, philosophy, neuroscience, and computer science. Cit 107

Techniques for analysis can be drawn from cognitive perspectives, contextual perspectives, and social perspectives. Cit 108

Variables
Four issues have immediate implications for human centered design:  clumsy tools, interdependency, the role of humans, and capabilities of intelligent products. (p. 23).  Cit 6

Seven roles human 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.  Defined on page 35.  Cit 6

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.

External environment:  external stressors acute noise, vibration, temperature, illumination, sleep loss.                               Internal stressors:  anxiety, apathy, depression, loss of self-esteem, and withdrawl have been cited by HF experts. 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 adaptive ability/reactive:  can significantly influence observations and data collection because humans change their behavior when they know they are being watched.  Cit 6.

Four obstacles to insight while performing field work:  insuffficient time, arrogance and bias, oversight, and over-study.  Cit 6.

The reductionist strategy that led to the two cultures problem has also led directly to our troubles with technology.  Technology and people co-exist in the real world.  Our traditional ways of thinking have ignored and virtually made invisible the relationship between people and technology. 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.

Organizational level human tech:  systems of incentives, disincentives, staffing levels, management structures, information flows across teams and organizational cultures.   Cit 7.  

Medical errors can also occur because of an interaction between people and the complex technological systems in which they work.  The expectation of perfection should be replaced by a need to design products and systems that help healthcare professionals pursue the goal that they sincerely want to achieve--taking care of patients safely. Cit 7.

Political level human tech:  System designs at the political level that are relevant to complex technological systems include:  policy aims, legal regulations, and budget allocations. Cit 7.

Soft aspect of technology is team training. Cit 7.

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.

The situation has its own dynamics with which the operator’s actions and the machines actions are combined to produce effects; automation introduces autonomous actions of machines on the situation. Cit 27

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

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

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

Challenges to the designer of medical device alarms include selection of variables that will be provided with alarm outputs, design of alarm displays and setting controls, provision of alarm test procedures, and the preparation of labeling and instructional materials.  Cit 30

critical incident analysis—a critical incident is a human error or equipment failure that could have led or did lead to an undesirable outcome, ranging from increased length of hospital stay to death.  Cit 31

In classifying human errors among the substantive negative outcomes incidents we distinguished between 3 categories of human error:  technical errors in which the action taken is not the action intended, arise from deficiencies of technical skill or from poor human factors design in the equipment or apparatus involved; judgmental errors in which action represents a bad decision, arise from lapses in training or poorly developed decision making skills; monitoring and vigilance failures in which the essence is a failure to recognize or act upon visible data requiring a response.  Cit 31

The findings suggest more emphasis on technological aids to vigilance and detection of error than on improving the reliability of equipment.  Cit 31

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

Ergonomists view the human, tool, task, workstation, and environment as a complex system of interacting components.  Cit 39

Distinctions drawn from ergonomics and human factors found in history...Ergonomics in europe traditionally focused on issues of how work affected the individual; the goal was reduction of fatique caused by the job.  In the US human factors focused on how individuals behaved in relation to their work environment and the equipment with which they came in contact. Cit 39

A contributing factor to the higher susceptibility to error of these categories may be the inadequate human factors design of the patient bedside as a work station, and deficiencies in the design of recording forms. Cit 40

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

New care delivery sites in the home as a result of managed care pressures have created situations where patients have had to manage equipment, necessary for care, in their home.  This has led to some errors and complications because 1) the equipment was designed to be used in the hospital environment and not at home; 2) the overall design may not have adequately considered the necessary human factors issues that are critical to the successful use of any product or piece of equipment. Cit 42

Good examples of human factors issues related to technical equipment, barriers, and how they are being overcome. Cit 44

Human factors is the body of knowledge about human abilities, limitations, and characteristics that is relevant to design  Cit 45

Human centered approach to medical informatics involves a focus on practical problems in medical practice, the capabilities of the human beings who must solve them, the environment in which they must be solved, and how new information technologies can help. Cit 45


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

Less than half of the interviewed staff reported that they would ever use the computerised monitor as a primary source of information. Cit 52

A desirable feature of a computerised aid is the use of "intelligent alarms" that avoid the frequent false alarms experienced on the ward, yet which rapidly inform staff as to the nature of the problem.  Cit 52

Recent studies have shown that the presence of a computerised trends monitoring system does not in itself result in better outcomes in terms of morbidity/mortality. Cit 52

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, costs.  Cit 57

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

System safety engineers have concluded that inadequate design foresight and specification errors are the greatest cause of software safety concern. 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 (Chamoux and Schmid, 1983). Cit 57

Warnings serve an informational function to inform consumers or users.  Under conditions of higher costs, people are less likely to offer assistance to a stranger; people are more likely to disobey a warning when the warning requested that they take a more effortful diversion, whereas people were more likely to comply when the warning requested less effortful behavior. Cit 59

Systems development depends principally on the expertise, guided intuition, and accumulated experience which the practitioner brings to bear on the design problem. Cit 60

Interactive work system- an interactive work system is a behavioral system distinguished by a boundary enclosing all human and computer behaviors whose purpose is to achieve and satisfy a common goal.  Cit 60

HF is concerned with the physical and mental aspects of the human interacting with the computer. 

Cit 60

HCI research has indicated that there may be demographic and cognitive characteristics associated with the ability of computer users to perform well. Cit 64

Cognition:  viewed as involving a range of information processing capabilities, such as memory, decision making, learning, pattern recognition, and problem solving.  Cit 64

Spatial and 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

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

Encompasses ease of use, new interaction techniques for supporting user tasks, providing better access to information, and creating more powerful forms of communication. Cit 65

involves input and output devices and interaction techniques that use them; information presentation and requests; how computer's actions are controlled and monitored; all forms of help, documentation and training; tools used to design, build, test, and evaluate user interfaces; and processes developers following during creative processes. Cit 65

Weaknesses in the way accidents are reported and documented is due to little integration between systems engineering and human factors recommendations. Cit 66

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

Parallels in health care errors and patient safety include:  preventability, culture of blame, working conditions. Cit 75

The proposition that health care error and worker injury are linked to the same organizational variables requires further research and deserves the same type of human factors approach that has characterized much of the investigative efforts in patient safety. Cit 75

HF is an applied science of systems design that evaluates human strengths and compensates for human limitations. Cit 80

A discipline concerned with the design of tools, machines, and system that take into account human capabilities, limitations, and characteristics. Cit 83

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

The study of factors that make work easy or hard. 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

Focuses on general design and implementation of equipment, tools, and machines r/t human safety, comfort, and convenience. Cit 96

Clinical information systems provide too many parameters with little provision for displaying critical data in a context that allows clinicians to make safe, fast decisions. Cit 96

Classification of working conditions:  workforce staffing, workflow design, personal/social factors, physical environment, and organizational factors.  Cit 104

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

Outcomes
System requirements are established in order to assure that a product will perform to certain standards.  Cit 6

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

Design guidance methods:  In human factors research uses knowledge about the capabilities and limits of humans in order to guide the design of products, systems, and services. Cit 6.

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. Cit 7.

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.  

To be effective the technological system must pass the test of affinity with human nature at the team level.  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.  

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.  

Poorly designed medical devices can promote user error and lead to adverse patient outcomes. Cit 19.

The purpose of the field is to promote the discovery and exchange of knowledge concerning the characteristics of human beings that are applicable to the design of systems and devices of all kinds. 

Cit 20.

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

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 has three goals:  to predict, to describe, and to control the perfomance of the human in the system structure.  Cit 29.

It should be evident that the primary design goals for the device may conflict with those for the alarm system; for the former the goal is utility for the latter it is safety. Cit 30

Examples of human factors improvements that would have avoided some significant negative outcome incidents include improved standardization or arrangement of drugs in the workspace, improvement of design of gas flow control knobs and breathing circuit connections.  Cit 31

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

People form mental models of devices thorough experience, training, and instruction, largely by interpreting the devices behavior and its visible structure.  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 38

Human factors engineering:  The main goal is to improve the match between technology, task requirements, and the ability of workers to cope with task demands. Cit 40

In air traffic control, human factors have been studied extensively. In contrast, almost no attention has been given to human factor considerations in the hospital setting. Cit 40

Historically, HF is traced to early efforts by industrial engineers, psychologists, and efficiency experts to streamline manufacturing operations and equipment for better worker efficiency.  Cit 41

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

Human factors is the application of this knowledge to the design of tools, machines, systems, and jobs to make them safe, effective, and comfortable to use. Cit 45
This discipline has successfully contributed to the diagnosis and treatment of human--machine dysfunction in domains such as aviation and consumer software, and it is rapidly becoming a force in addressing the medical informatics failures. Cit 45

Challenges for medical informatics 1) medicine must be proactive and population based 2) medicine must recognize the capabilities and limitations of human performance and develop systems and procedures that reduce and/or counteract the effects of human error, 3) profession must measure the quality of its work and use a systems approach to improve its processes, 4) clinicians must learn how best to acquire new information to enable them to practice according to the best available scientific evidence, 5) ensure patients are educated about their health and diseases and empowered to participate in major decisions, 6) must be cost effective. Cit 45

Failures of clinical informatics:  1) technology did not solve a real problem, 2) although a problem solved by a particular tech innovation was important, it was not recognized as such by the health care system, 3) the technology was not usable in real life. Cit 45

Studies of accidents in industry, transport, and military spheres have led to a much broader understanding of accident causation, with less focus on the individual who makes the error and more on pre-existing organizational factors.  Cit 46

Reason (1995) has suggested that the results of these and other investigations have clearly shown that medical mishaps share many important causal similarities with the breakdown of complex socio-technical systems. Cit 46

Human factors engineering results in improvement 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

HFE application can increase safety, enhance efficiency, and reduce liability.  Cit 49

HFE can be effective in determining the nature of usability problem and providing relief…can also be effective in identifying potential sources of error in systems. Cit 49

The efficiency of operations suffers when increased time is required to complete tasks or quality is reduced..elaborate workarounds may be developed to overcome usability problems. Cit 49

HFE can help establish the intended use of the system. Cit 49

Computerized aids in medicine are not always readily accepted or widely used by medical or nursing staff, and often fail to produce clinical improvements desired.  Previous HF research suggests computer system have a significant role to play in patient care, provided that they are designed and implemented appropriately.  Cit 52

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

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

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

The problem of safety risk is complicated by the fact that attempts to eliminate risk often resutls in risk displacement rather than risk elimination. Cit 57

HF seeks to support the development of more effective computer based systems. Cit 60

Two scopes are defined for HCI 1) HF addresses the first..to design human interactions with computers for effective working; 2) Software engineering addresses the second..to design computer interactions with humans for effective working.  Cit 60

Primary deficiencies of HF practices: 1) poorly integrated into systems development; 2) HF practices have a specific efficacy..their contribution to improving product quality is highly variable; 3) HF practices are inefficient..Each development of a new system requires solving of new problems; 4) there are insufficient signs of systematic and intentional progress which will alleviate the three deficiencies of HF practices previously cited. Cit 60

There is substantial empirical evidence that using processes, techniques, and tools from HCI dramatically decreases costs and increases productivity. Cit 65

HCI is critical to the success of products in the market place, as well as safety, usefulness, and pleasure of using computer-based systems. Cit 65

Its 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

Human factors training on new and unfamiliar equipment, equipment malfunction, environmental variables, uncertainty of benefits, timeliness.  Cit 76

Ease of accessing information and the adequacy of retrieved information. Cit 77

The ability to represent information like observations and assessments is difficult because of richness and complexity of discourse. Cit 77

Problems arise because of inadequate completeness, poor usability, and insufficient representation. 

Cit 77

Cognitive style:  participants who characterized themselves as more visual liked particular displays.  

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 coaused by HCI design deficiencies. Cit 79

Human error, perception, and action performance. 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

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

HF is an area of new knowledge that is regarded as essential to the design of safer and better healthcare systems. Cit 80

HFE is the discipline that uses methods and concepts to understand and build systems that are more efficient, comfortable, and safe. Cit 83

Goals are to design for safe comfortable, and effective human use. Cit 83

We can use HFE to see why people’s actions and decisions make sense. Cit 83

Usability addresses specific issues of human performance during computer interactions within a particular context.  Usability goals may be expressed in terms of overall effectiveness, efficiency, and satisfaction concerning users' interactions with IS.  Cit 96

Once we commit ourselves to a judgments we subsequently tend to discount the significance of new disconfirmatory evidence in favor of the confirmatory evidence. Cit 99

Human factors engineering leads to success in performance improvement. Cit 107

Used widely in industry to improve operation of complex systems, reduce cognitive related to poor person machine interface, and to increase comfort levels of workers.  Cit 107

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

Methods can be used to determine how to design a system according to the needs of users, including their abilities, limitations, and work environments. Cit 108

Methods
Input:  Attention has three forms selective attention, focused attention, and divided attention.  Cit 6.

Output:  Response and reaction.  Cit 6.  

Mediation:  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. Cit 6.

Perceptual organization is the process by which we apprehend particular relationships among potentially separate stimulus elements. Cit 6.

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.  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 requirements 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 P. 93.  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. Cit 6.

Human subjects considerations: performing research that involves humans differs because of reactivity and data type.  Cit 6.

Types of human factors research: Observational, evaluative, descriptive, and inferential (chap 5)  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.

HFE documents the psychological properties of people and the design techniques that can be used to create a fit with those properties. Cit 7.

Traditional reductionist approach to organizing human knowledge involves each discipline studying the world from an independent perspective creating a silo effect.  Cit 7.

Softer aspects of technology include work schedules or team coordination.  Cit 7.

Behavior shaping constraints:  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.

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.   The systems approach encourages us to think about relationships between people and technology.  Design is all about creating emergent properties.  Cit 7.

Complex technological systems are usually designed with several layers of safeguards , an approach known as "defense in depth."  Cit 7. 

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

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.

There has been a progressive change in subject matter complexity, forma 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

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

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 performance or behavioral unit into its elements for analysis or measurement, one must reconstitute them to explain the phenomena meaningfully.  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

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

Mental model:  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

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 info and human factors engineering guidelines so that optimum user and patient safe4ty, system safety, and performance, and operator effectiveness will be reflected in design of the medical devices. Cit 38

Mental models:  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

Ergonomic methodology is analogous to the nursing process.  1) Define the problem; specify objectives; 2) formulate alternatives; 3) Evaluate the alternatives against the objectives; 4) Select the best and try it; 5) Repeat the process until satisfied with results. Cit 39

Human factors engineering:  focuses on the study of the interface between humans and their working environment, with a particular emphasis on technology.  Cit 40

The rationale for HF engineering lies in the repetitive analysis, testing, and refinement of design concepts--all with input from users. Cit 41

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

Reasons method was focused on examining the chain of events of accidents, consider actions involved, and then look further back at the conditions in which staff was working and the organizational context. Cit 46

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

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 designs:  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

Workload analysis:  permits the HF specialist to determine the effort invested by the operator into task performance to successfully complete tasks. 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

Alternative tradeoff selection studies:  developmental process of selecting an optimal design…uses weighting measures, Delphi technique, focus groups. Cit 48

Cognitive engineering methods concerned with the ways in which staff used information during their clinical decision making paying particular attention to their interaction with the computerized trend monitoring system. Cit 52

Trend monitoring is useful because data presentation in the form of trends is deemed to facilitate the clinician’s assessment of the data and propitiate rapid and effective decision making in the emergency situation.  Cit 52

Research on warnings has begun to examine the conditions that facilitate and inhibit warning effectiveness. Cit 59

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

Terminologies are evaluated in terms of their ability to represent concepts and data entry systems are evaluated in terms of usability but rarely are they evaluated together. Cit 77

Common approach is to allow clinicians to enter terms in unconstrained test and then use manual or automated means to code them afterward. Cit 77

The purpose of this research was to 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

User Action Notation (UAN):  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

Application has been mainly limited too design of medical devices and work in highly controlled environments such as OR. Cit 80

Knowledge of how humans process information is essential to design such systems. Cit 80

HF should be used as a tool to investigate accidents, slow responses, errors not resulting in accidents, complaints, the number of times users require help, documentation processes, and general user satisfaction with process or product. Cit 80

User centered design:  process focuses on user needs, user characteristics, and end user testing of the human-machine interface…iterative design and testing is used throughout the design cycle based on feedback from user testing.  Cit 83

Usability evaluation:  level of refinement of the user interface considered or the amount of user involvement in the evaluation. Cit 88

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

Three axioms of usability: 1) there must be an early emphasis on users in the design, development, and purchase of systems; 2) applications must have iterative design; 3) there must be empirical usability measures or observations of users and information systems. Cit 96

Framework for 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

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

Anesthesiologists, nurses, HFE, and device manufacturers can work together to enhance the safety of PCA pumps by redesigning user interfaces, drug cassettes, and hospital operating procedures to minimize programming errors and enhance detection before patient harm occurs. Cit 100

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

Task analyses:  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. Cit 107

Usability heuristics Cit 108

LT ORANGE
Human Factors/Human Computer Interaction  

Definition:

· 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 (41)

· Translation of social science methods into the study of how humans interact in environment (6)

· Applied science focused on minimizing human errors and optimizing performance as human beings interface with device (43) 

· Study of the interaction between people, machines and their work environment (1)

History of:

· Developed from military problems ; purpose to enhance system performance (9)

· Developed out of WWII (29)

· Emerged during the industrial revolution; FDA conducting studies to determine what variables produce errors in medical 


device operation(43) 

Related Terms: 

· Ergonomics (1, 6, 34, 45, 85)  Ergo (6) Nomos (6) 

· Usability (41,92)  User Centered Design (6, 45)  Usability Engineering (45) 

Related Theories:

· Systems ( 4, 6, 29)

· Cognitive Theory and Learning/Education Theory (55) 

· Theory of Learning through Exploration (65) 

· Psychological Theories of Human Error (79) 

Human Information Processing:
· Study of how Humans interact with their environment for useful purposes (84) 

· User centered designs principles, including info on human behavior, personal ability, motivation ( 102)

· Creating accurate mental models can be difficult; incongruence ( 1)

· Assess stressors:  external (noise, vibration, sleep loss, temp) internal (anxiety, apathy, depression, withdrawal) (6) 

· Knowledge of how humans process information is essential to design systems (80)

Information Representation Visualization:
· Lack of consistency creates confusion ( 1)

· Scope of HCI is humans, computers, work (60)

· Humans can adapt /change behavior if they know they are being watched (6) 

· Goal o f Human Factors is to enhance the quality of interactions between humans and machines (1) 

· 3 Goals :  predict, describe, control performance of human in the system (29)

Hardware, Input/Output Technologies:
· Human centered automation focuses on changing the human machine interaction to support better coordination ( 12)

· Nurses may under utilize advanced technology  because the basic features are easier and advanced features require


extra energy (1) 

· Computer designers use a language that is foreign to nursing and to other health care disciplines (1) 

Requirements Analysis:
· HCI is critical to success of products in marketplace (safety, usefulness, pleasure of using) (65)

· Access to data may not always be available due to system allowing for unconstrained text (77)

· Medical professionals have been trained to expect that some things do work and develop own workarounds and don’t report


errors in system (84)

· Nurses spend 70% of their time creating, processing, distributing information as part of their professional practice ( 33)

· In the Medical domain, human factors have received little attention (18) 

Usability Design:
· User Centered Design focuses on user needs, characteristics; iterative design and testing  based on feedback from users ( 83)

· A medical device will be safely and effectively only if interaction of operating environment is considered in manufacturing


(67) 

· Human Factors significant criterion; assess flow analysis, function allocation, task description, task analysis(6) 

· Human centered system design needed to due clumsy tools, interdependency, role of humans, and capabilities of intelligent


products (6) 

· Purpose is to match systems, jobs, products and environments to  physical and mental limitations and abilities of people (9)

Usability Development:
· Errors can be reduced through human factors design techniques that include human capabilities and limitations (18) 

· Challenge is for designers to maximize benefits of technology and minimize stress on the operators (4) 

· Intelligent systems exhibit cognitive process that replicate, emulate and approximate human reasoning (96)

· Goal is to optimize total system (29)

· Problems arise due to inadequate completeness, poor usability, insufficient representation (77)

Usability Testing:
· Usability evaluation based on technical acceptance, operation effectiveness, clinical appropriateness, equip. selection (21)

· Obstacles found in field work are insufficient time, arrogance, bias, oversight, over study (6) 

· Human Factors Engineering is repetitive analysis, testing, refinement of design concepts, all with user input ( 41)


LIME GREEN

Definitions of human factors

Ergonomics deals with physical aspects of human--computer interaction while, human factors concentrates on human capabilities and limitations, principally cognitive capabilities and limitations.
Mental models provide predictive and explanatory powers for understanding interactions  Cit 1.

The systematic application of information about human abilities and behavior to the design and evaluation of equipment and the environment in which it is used. Cit 2

Adapted Access: The prescription and customization of hardware and software to facilitate such tasks as communication and other activities of daily living. Cit 2.

Digit travel may be defined as the displacement traversed by the digits in the horizontal or vertical planes as successive keyboard keys are activated.

Accidents that often arise from the linking together of latent and active failures and the breach of defense mechanisms.
Human performance is governed by memory stored rules; solutions acquired as a result of experience, training, or both.  
Mistakes arise as a result of misapplication of good rules or the application of bad rules.

The ecological approach views the interaction between organism and its environment.  When applied to human factors this suggests that the human operator and the environment are reciprocally coupled, they cannot be studied independent of one another
The ecological approach uses separate descriptions of the functional problem space, task goals,  and operator characteristics, assuming that observed behavior will be a function of the interaction of environment variables including 1) variations in the state of the system, 2) unpredictability of external disturbances, 3) operator characteristics such as skill level.  Cit 4.
The application of information about human behavior and characteristics in the design and testing of products, systems, and environments.
The development and application of knowledge about human physiology and behavior in the operational environment.  

The systems model:  any collection of elements that is organized to achieve a purposeful result.  Characteristics beginning and end not always clear, interdependence and interaction can have a significant effect on other systems, goals and objectives used to develop the system, and human performance defines and animates the system.
Human centered system design presumes that the cause of error is inherent in the system design and not in any single system element.  

Seven roles human 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.

human factors related to information processing pertains to research and development in attention, perception, memory, cognition, decision-making, learning, response, and motivation.  
All means by which human actions could adversely affect safety (mal-operation, maintenance error, violation of procedures);  all means by which human actions are relied on to prevent or minimize a safety-related loss (procedural controls, recovery actions);  those aspects of the system design that can either support or hinder effective human performance (operator/maintainer interface, manuals and training materials); those aspects of the operational context that need to be taken into account during the design and implementation of the system (operational philosophy, user capabilities, safety culture)

an applied science focused on minimizing human errors and optimizing performance where human beings interface with a  device.

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.

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

This is an exercise in which one writes down exactly what the system is supposed to do.  The operational requirements define 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.

Cognition:  viewed as involving a range of information processing capabilities, such as memory, decision making, learning, pattern recognition, and problem solving. Cit 64.

Human Computer Interaction: The studies of how people design, implement, and use interactive computer systems and how computers affect the individuals, organizations, and society. Cit 65
Media allocation refers to decisions about the access that actors have to different communication media in a system. Cit 68.
Safety is defined as the interrelationships and interconnections between parts of a system. Cit 68.
HFE is the discipline that uses methods and concepts to understand and build systems that are more efficient, comfortable, and safe. Cit 83

HFE is a discipline concerned with the design of tools, machines, and system that take into account human capabilities, limitations, and characteristics. Cit 83.
Ergonomics, usability engineering, and user centered design are considered synonymous Cit 83.
Critical thinking is a purposeful self regulatory judgment- a habit of mind. Cit 86.

Forcing functions: features that restrict the way in which tasks may be performed. Cit 92.

Corollary orders: many actions imply that another action should be taken; these dependent actions are called corollary orders. Cit 92.

Peripheralization: decreasing the direct control functions of the operator and increasing their peripheralization. Cit 93.

Trust: confidence or reliance upon the actions or information of another in an exchange. Cit 93.

Embedded systems: resident within a larger host and are constrained by the parameters, requirements, and performance of that host.  Cit 93.

Human Factors Engineering: the study of human beings and their interactions with products, environments, and equipment in performing tasks and activities. Cit 107.

Goals of Human Factors

Building a strong Human Factors foundation requires designing an optimal match between humans, their environments, technology, and the task at hand  Cit 1.

The systematic application of relevant information about human abilities, characteristics, behaviors, and motivations to execute certain functions. Cit 1.

Goal of human factors is to enhance the quality of interactions between humans and machines.  Cit 1.

Computers should be designed to match users mental organization of work including internal representations. 

Minimize the risk of acute and chronic work-related dysfunction. Cit 2.

The challenge for designers is to find ways to maximize the benefits of technology that can record and present vast arrays of highly detailed data, and minimize stress on the operators who must integrate all that data into useful information.  Cit 4.
The goal of human factors design is to develop user design requirements that leave little room for interpretation

Human factors and ergonomics inform the process of creating the OE.
The development of automation and computing systems have created a growing number of products that incorporate software programs to perform routine tasks.
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
In helping users articulate their cognitive activities an in representing that cognition, the analyst makes the users' thought processes understandable for use by designers of systems, interfaces, and devices.  Cit 47
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
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.  The goal is to optimize with respect to such criteria as speed of response, deviations of important variables, availability, and safety. Cit 57
Human Computer Interaction: encompasses ease of use, new interaction techniques for supporting user tasks, providing better access to information, and creating more powerful forms of communication. Cit 65
Task analysis, user centered design, and evaluation should all be part of the HCI curriculum for CS students. Cit 65.
HFE goals are to design for safe comfortable, and effective human use. Cit 83.

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

Streamlining care, catching and correcting errors, assisting with decisions, and providing feedback on performance. Cit 92

Human Factors Engineering: 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.
Failure to execute technology

Providers may choose to underutilize advanced technology options because basic features are easier to learn/execute while advanced features require extra energy.
Difficulties creating accurate mental models arise from several sources; among them, incongruencies in the image the computer system portrays.
Computer designers use a language that is foreign to nursing and other health care disciplines
A lack of consistency can create confusion about the message to be delivered.
Uninterpretable messages ominous messages may imply blame.  Nurses may not recognize error messages.  
Fallible decisions usually taken at the higher levels of the organization or within society at large (may be dormant for long periods). Cit 3

Nonlinear dynamics of complex systems with the following characteristics:  1) simple rules of addition and proportionality are not applicable, 2) tiny variations in initial conditions can have dramatic effects aka the butterfly effect. Cit 3.

Knowledge based errors are relevant in unfamiliar situations when action must be improvised.  Attributable to the learner.  Origins  found in situations in which non compliance seems to be justified to accomplish the task.  
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 
accidents are created by the interaction of potential side effects of the performance of several decision makers during their normal work.
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.
HCI is critical to the success of products in the market place, as well as safety, usefulness, and pleasure of using computer-based systems. Cit 65.
In high consequence systems two contradictory tendencies seem to coexist: 1) the deployment of advanced technology can lead, by automating inefficient and error-prone tasks, to improvements in both performance and safety; 2) the introduction of new technology may have negative and unanticipated consequences, by adding complexity to systems in which the ability of humans to act effectively is of extreme importance. 

Cit 68.
Often when wrong actions are chosen critical thinking is not being used effectively or is not used to design the process. Cit 86.

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.

High level system complexity: may result in increased numbers of subsystems between operators and the technology. Cit 93.

Outcomes

Improved workspace design and increase task productivity

Prescribe devices with the greatest potential for productivity.
Digit loading is a source of acute and chronic occupational stress and one of the factors limiting computer usage by the physically disabled.  Cit 2.

Microcomputer technology offers numerous opportunities for physically disabled individuals to live with greater autonomy.  
The estimated contribution of human factors to accidents in hazardous technologies varies between 30% and 90%
Unsafe acts committed by those at the sharp end of the system (ie nurses, surgeons, train drivers, etc)
Human performance is automatic; associated with forms of attentional capture, such as distraction or preoccupation, and are unavoidable.  Typically involve corner cutting. Cit 3.

Deliberate acts of deviation from safety precautions.
Identifying the constraints in the environment
Complex dynamic systems tend to have long time constants that delay the system's response to a control action and because the performance of many automated controllers must be monitored simultaneously, operators' detection and control burdens can be overwhelming.

Assumes 1) user errors cannot be completely eliminated, 2) the likelihood of user errors will increase when a system is poorly designed, and 3) user's overall work environment can also contribute to errors.
The brain can process 5-9 items or chunks of information at any given moment
What does the user have to be able to see?  What does the user have to be able to hear?  What does the user have to reach and manipulate?  Is there enough room to work?  Is there potential for inadvertent activation or disturbance of controls? Is the work space adequate for emergency situations? What other systems or devices are in use?

The sum of all the products, services, environments, and systems that humans have produced comprises the operational environment (OE).  
Four issues have immediate implications for human centered design:  clumsy tools, interdependency, the role of humans, and capabilities of intelligent products.

(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).
effects of forces on the motions of material bodies or with changs in a physical or chemical system.  
motion separate and apart from considerations of mass and force

Human adaptive ability can significantly influence observations and data collection because humans change their behavior when they know they are being watched. 

No control system will perform better than its measuring channel.

User acceptance of information technology is fundamental to enhance performance and to hit the target of efficiency.  Cit 50
Informaticians and designers think that a key barrier to user acceptance of computers is the lack of user friendliness. Cit 53
Lindberg indicated one of the major challenges for computing and communications is achieving a better fit between computers and the way people work.  Cit 53

Major concern is the optimization of nurse computer behaviors in the performance of work.  At a basic level nurses initiate interactions by turning on a computer, entering commands into the interface, examining a computer screen, and retrieving nursing information.  Cit 63
HCI research has indicated that there may be demographic and cognitive characteristics associated with the ability of computer users to perform well. Cit 64.

The introduction of technology may have the effect of transforming tasks, creating new demands, and placing additional requirements on the humans in the system. Cit 68.

Much HCI literature focuses on heuristic evaluation of different aspects of interface design..in addition MECHA focuses on cooperation and hazards.
Cit 68.

People may learn to ignore frequent false alarms a phenomenon that was named the cry-wolf syndrome…also when false alarms are common decision makers ten to respond slower and are less likely to respond than when the alarms are more frequently justified. Cit 71.

Cognitive processes of warnings: the reliance on warnings is the result of two consecutive processes:  1) the decision of whether the warning justifies the allocation of cognitive resources and 2) the differential response that considers the warnings output. Cit 72

The mere presence of a warning may make the system seem somewhat less hazardous and may lead users to take slightly greater risks, even when the warning is entirely nonvalid and not directly used by users. Cit 72.

basic design principles of HFE include:  1) provide users with feedback after each action, 2) make the functions of 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 74.

We can use HFE to see why people’s actions and decisions make sense. Cit 83.

User centered design: process focuses on user needs, user characteristics, and end user testing of the human-machine interface…iterative design and testing is used throughout the design cycle based on feedback from user testing. Cit 83.
Reason…error types originate in the conceptual, storage, and action stages of the thought process. Cit 86.
Presentation intensity has been demonstrated to be a key factor affecting detectability, compliance, and perceived urgency of nonverbal warnings. Cit 89.

Error can be reduced by facilitating more rapid responses after an adverse event and by tracking and providing feedback. 92.

Safety critical systems: Interactions can enhance or reduce system efficiency, enhance or compromise safety, augment or negate other benefits that technology provides. Cit 93.
Four levels of failure due to unsafe acts, preconditions for unsafe acts, unsafe supervision, and organizational influences. Cit 110.

Unsafe acts: classified into errors and violations which represent the mental or physical activities of individuals that fail to achieve their intended outcomes.  Three basic error types include skill based, decision, and perceptual with two forms of violations including routine and exceptional. Cit 110.
Methods

Includes a set of experimental and analytic tools for quantitative assessment of how well any given object can be used by an individual having specific capabilities.  
Device customization entails modification of the device to suit the specific abilities and needs of the client best. Cit 2

Device prescription involves the replacement of those functions normally accomplished by standard input devices (keyboards and pointers) with alternative devices that are capable of modifying, substituting, or emulating standard data entry modes.  Cit 2    
Design modifications to reduce digit travel has occurred via alternative alphanumeric layouts on keyboards, novel methods of data entry, and modification of the displacement properties of individual keys.  Cit 2.

Measuring the force that must be exerted by the digits to activate the keyboard keys. Cit 2.

Device positioning: fundamental component which relates device height, proximity, and angle to the placement of keyguards, alternative switchboards, or switches.  Cit 2.

The orientation and placement of low and high technology assistive devices has long been accepted by therapists to be of great importance to the productivity, comfort, and wellbeing of the client.  Cit 2.

Determining which subsystems to represent on an interface, representing relationships among subsystems.

there is evidence that suggest when a careful, goal-relevant analysis of the task environment is conducted, a more parsimonious description of human performance is possible Cit 3.

Task analysis is performed by recording the systems response to each user action.  The flowcharts and task descriptions thus generated can be used to document how certain actions of the system or user result in error.
Task analysis questions:  Have all the users tasks been account for?  Are the tasks correctly described?  Are they arranged in logical order?  What are the consequences of performing a task incorrectly?  What information does the user need to recover from an error?  What tasks will be performed by the computing system?  what hardware will the user need to perform each task successfully?

Attention has three forms selective attention, focused attention, and divided attention.
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.
User centered interaction is a 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.

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.  
types of human factors research: Observational, evaluative, descriptive, and inferential
Human factors has translated social science methods into the study of how humans act and interact in the operational environment
Activity analysis- accounts for anything a person might do while performing a task.
four obstacles to insight while performing field work:  insufficient time, arrogance and bias, oversight, and over-study

four guidance social behaviors for observers to avoid impediments:  gaining entrée, reciprocity, tolerance for ambiguity, and personal determination coupled with faith in oneself
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 users ability carry out those functions and tasks that are critical to job and system success. 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.  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

Workload Analysis: Permits the HF specialist to determine the effort invested by the operator into task performance to successfully complete tasks.  Cit 48
Constructive technology assessment: to provide practical guidelines for the subsequent software design-development phase and to redefine product requisites starting from evolved users needs.  Cit 50

Usability techniques formally assess the user friendliness of a system, its efficiency, and effectiveness, and user satisfaction in completing job related tasks. Cit 53.
Spatial and 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.
Human Computer Interaction: involves input and output devices and interaction techniques that use them; information presentation and requests; how computer's actions are controlled and monitored; all forms of help, documentation and training; tools used to design, build, test, and evaluate user interfaces; and processes developers following during creative processes. Cit 65.
Cognitive walkthrough: a method to determine if user will be able to perform the right interaction. Cit 68
MECHA (Method for Evaluation of Cooperation, Hazards, and Allocation) seeks to remedy some of these problems by incorporating 3 elements: 1) requires task modeling and the identification of scenarios of use; 2) analyzes possible user deviations; 3) considers the cooperation between different individuals in the system. Cit 68

This research addresses the question of adaptive changes in responses to a binary warning signal that informs the user about the value of a variable, relative to a cutoff point. Cit 71.

Contingent criteria model (Robinson & Sorkel, 1985)  In this model the operator judges the values of a continuous variable with different response criteria, depending on the output of the decision aid. Cit 71.

Human factors research should take an active role in the specification of these warning signals and in their integration into the overall user interface. Cit 72.

Human factors design process should consists of several activities including: 1) continuous involvement of representative users, 2) field observations to understand actual conditions, 3) task analysis to identify the job demands and performance bottlenecks, 4) inclusion of HF design principles to ensure technology is compatible with human capabilities and limitations, 5) iterative design process enhancing feedback, 6) experimental evaluations of detailed design prototypes with representative users, and 7) post market surveillance to ID threats to safety. Cit 74.
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.  Cit 86.
Human errors factors: similarity matching, rule based errors, and high risk issues. Cit 86.

Usability evaluation: level of refinement of the user interface considered or the amount of user involvement in the evaluation.  Cit 88.
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.
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.

Smart monitors: can assist clinicians to sift through data by looking for and highlighting signals that suggest decompensation in a patient. Cit 92.

Neural network decision aides: allow many factors to be considered simultaneously in order to predict a specific outcome.  Cit 92.

Intelligent systems: exhibit cognitive processes that replicate, emulate, or approximate human reasoning. Cit 93.
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.
Cognitive pathway: provides a clear perspective of how and whn an RN conducts activities of the nursing process and the type of interruptions within the work setting that create barriers. Cit 107.

Models

A system is more than the sum of its parts; built from the top down system oriented approach

nurse computer interaction framework: conceptualizes the nurse-computer interaction as a task-based information exchange between nurses and computers. Cit 53
Existing human-computer interaction and nursing informatics frameworks are inadequate for studying the spectrum of elements important to the nurse-computer interaction process. Cit 63

Developmental psychologists view interactions as members of a dyad relating in a system of mutual influences and behaving according to respective characteristics. Cit 63
Human Factors: This discipline focuses on the interaction between technology, people, and their work context.  HF has sometimes been narrowly associated with HCI design guidelines.

Human Factors Engineering: a framework for efficient and constructive thinking which includes methods and tools to help health care teams perform patient safety analyses, such as RCA. Cit 83.

HFE is based on design related aspects of biomedical disciplines: anthropometrics, biomechanics, sensation and perception anatomy and physiology, cognitive psychology, human performance, memory and attention. Cit 83.

Several features of safety conscious culture include 1) awareness of imperfection and risk and an urgency to improve; 2) organization acknowledges and looks for error; 3) once causes are identified personnel are retrained and ongoing surveillance continues. Cit 98.
Human Factors Engineering: used as a framework for constructive thinking to help healthcare teams perform patient safety analyses. Cit 107.
GREY

Grey Tab

CONCEPT NAME:  Most frequently used “human factor(s)”, ergonomics

A. Important term missing “usability”, “human computer interaction”

CONCEPT DEFINITION:  “The development and application of knowledge about human physiology and behavior in the operational environment” (Nemeth, 2004).


A.  Important terms to consider are adding systems and safety to definition.  


B.  Other terms to consider in the definition are efficiency and functioning.

RELATED TERMS:  Errors with semantic links to system, analysis and performance

4. System is semantically linked with environment

5. Analysis is semantically linked with user

6. Performance is semantically linked with components, workload, workplace


B. Based on the excel spreadsheet, there is a difference between environment and workplace or workspace and therefore needs further elaboration.

RELATION TO CONCEPT:  Errors occur in the following ways

9.  Human attention, distraction
10. System design, misapplication of good rules, application of bad rules
11. Deliberate deviation from safety precaution
12. Memory
13. Decision making
14. Lack of feedback
15. Workload
16. 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.

B. Recommend exploring errors in the context of semantic links, system-environment (internal versus external environment), analysis-user, and performance-components, workload, and workplace.  

RECOMMENDATIONS: Must have a “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.”(Article 6) 

ORIGIN:  First notable exploration of this concept by Blum (1971; article 37).

POTENTIAL CHANGE IN DEFINITION:  The term “design” emerged in academia and private industry.


NEW CONCEPT:  Non-routine event (NRE).  NRE is any event that is perceived by care providers or skilled observers to be unusual, out of the ordinary, or atypical (Article 82).

THEORIES:  Systems theory linked with system characteristics (proportionality, rules, interdependence and interaction), social science linked to cognitive theory, and lastly accident theory.

TAXONOMIC PROB: Two tendencies exist where 1) systems are designed to eliminate errors, however 2) inadvertently cause errors.  The term design(er) is has several different meanings.  (role versus engagement)

NOTES: 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).

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. These  methods 1) improved communication, 2) increased accessible knowledge and key pieces of information, 3) assist with calculations, 4) perform checks in  real time, 5) assist with monitoring, and decision support.  (Red type refers to commonly expressed terms.) (Article 6)

Role of the Human:  decision maker, monitor, information processor, closed loop controller, information encoder and storer, discriminator and pattern recognizer and ingenious problem solver (Article 6).  

HF RESEARCH:  Observational, descriptive, evaluative, and inferential (Article 6).


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

Infusing old technology with new technologies results in:


 1) Change of task allocation between human and machine


 2) Change of task allocation between human operators


 3) Change of objects manipulated by tasks and change of representations used to support tasks


 

BLUE GREEN UPDATE

Concept:  Human Factors

Note:  Words in red indicate the most weighted terms within the context of the document provided.  

Definition:  The systematic application of information about human abilities and behavior to the design and evaluation of equipment and the environment in which it is used (Sanders ME and McCormick EJ, 1987).   

Related terms:  
Calibration (as a parent term) to user, technology, and system; ergonomics, Human Computer Interaction

Consider the following:

D. Usability

E. human factors engineering

F. human-centered technology


Relation to Concept:  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.


Origin of Concept:  At times, ergonomics is separated from human factors.  Ergonomics is most closely associated with constructed materials, and human factors are most closely associated with human abilities. (most weighted terms:  device height, keyboards, placement, proximity, device, digit)

 Shift in Definition:  Potential shift from technology as a reduction in workload, to that of monitor, exception handler, and manager of automated resources 

Concept across disciplines:  Differences between thinking of machines as intelligent and rational versus responsible exist.  Therefore, systems need to be designed that comply with requirements of human-centered automation where predictability, accountability and dependability are evident.

Relevant Theories:  Cognition and engineering, learning, education, systems, social science and CTA.  (Interestingly, no information theories, computer theories were mentioned in the reviewed document.)  

Notes:  Clinicians typically prescribe (perhaps use?) devices with the greatest potential for productivity.   

[Explore productivity versus safety, cost, organization mission etc.]

The orientation and placement of low and high technology assistive devices has long been accepted by therapists to be of great importance to the productivity, comfort, and wellbeing of the client.
Design modification to reduce digit travel has occurred via alternative alphanumeric layouts on keyboards, novel methods of data entry, and modification of the displacement properties of individual keys.   

Missing:  System as a representation, relationships
Pink Tab Analysis

Human-Computer Interaction Theories or Human Factors Theories

· The ecological approach views the interaction between organisms and the environment.  Human factor concept suggests the human operator and the environment are coupled and must be studied independently (4).

· The systems model is the collection of elements that is organized to achieve a purposeful result (6).

· Humanistic view focuses on people while mechanistic view focuses on hardware and/or software (7).

· Bad apple theory believes the obstacle to safe health care is a group of incompetent or careless nurses and doctors who make mistakes at the drop of a hat which injure or kill their patients (7).

· Super-humanistic approach expects people to be flawless even when systems are designed to be incompatible with everything we know about human nature (7).

· The system concept is the belief that human performance in work can be conceptualized meaningfully only in terms of organized wholes, which is the human-machine system (29).  The systems concept is fundamental to human factors engineering.  It implies that components or elements of a system are only meaningful in terms of the whole system (10).

· Cognitive engineering applies the knowledge of cognitive psychology and other related disciplines to the design of cognitive environments (10).

· Computer systems should be designed to mirror users’ mental organization of work methods (1).

· The goal of human factor design is to develop user design requirements that leave little room for interpretation (5).

· The application of ergonomics is designing the workplace and the way the job is organized to match what is known of the human physical, physiological, and behavioral limitations (34).

· A human factors approach to systems development requires that users, developers, and subject matter experts work together throughout the design process (22).

· Human factors have been studied extensively in air traffic control, whereas, little attention has been given to human factor considerations in the hospital setting (40).

Human Information Processing

· Computer systems should be designed to mirror users’ mental organization of work methods (1)

· Nurses may choose to underutilize advanced technology options because basic features are easier to learn/execute while advanced features require extra energy (1).

· The pace of change is much faster than the pace of change presently in management structures (17)

· Seven roles human 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 (6).

· Human machine system: a combination of one or more humans and one or more physical components to transform inputs into desired outputs.  This interaction takes place within an environment that encompasses the task environment and social and organizational environment (10)

· Ecological psychology claims that an individuals primary source of environmental information to support goal-directed activity is more likely to be complex, higher order variables (i.e. process status or relationships between variables) specifically related to the goal than the lower order variables (i.e. values of individual variables) commonly described by physics (4)
· Ergonomics, usability engineering, and user-centered design can be considered closely related to or synonymous terms (45)

· Organizational policies and strategic plan allow for enhanced communication (95)

Requirements Analysis


Environmental Analysis

· Ergonomics has a much wider form of reference including aspects of environment, sensory function, psychological performance, and psychosocial aspects of the work environment and work organization (34)

· Ergonomics deals with physical aspects of human-computer interaction, while human factors focuses on human capabilities and limitations (1).

· Environmental questions to consider are “What does the user have to be able to see?” “What does the user have to be able to hear?” “What does the user have to reach and manipulate?” “Is there enough room to work?” “Is there potential for inadvertent activation or disturbance of controls?” “Is the works space adequate for emergency situations?” “What other systems or devices are in use?” (5)

Task Analysis

· Evidence that suggest when a careful, goal-relevant analysis of the task environment is conducted, a more parsimonious description of human performance is possible (4).

· Task analysis questions to ask include “Have all the users tasks been accounted for?”  Are the tasks correctly described?”  Are they arranged in a logical order?” “What are the consequences of performing a task incorrectly?”  “What information does the user need to recover from an error?” “What tasks will be performed by the computing system?” “What hardware will the user need to perform each task successfully?”(5)

Usability Design

· Four issues have immediate implications for human centered design:  clumsy tools, interdependency, the role of humans, and capabilities of intelligent products (6).

· The development of design tools must be based on an understanding of the 

problem, designer characteristics, and human information processing abilities ((10).

· System design challenges include present information within the limits of the user’s ability to process it, distinguish critical system information from other information, and direct the user’s attention to the system when necessary (5).

· Applying Human Factor methods early in the systems development process can lower developmental costs (22).

· Designing the system to match the user’s capabilities, tasks, and work environment is a key goal (22).

· Human factor engineering issues must be given a high level of importance when designing new products if 

Usability Development
· 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 (42)

· If the human factor specialist first analyzes what the user is doing in the larger system and what the user will do with a piece of equipment they can make dynamic design recommendations to improve the users ability to carry out functions and tasks that are critical to fob and system success (48)

· Technologies need the support of social structures that foster cooperation and coordination amongst individuals and institutions (7).

· Better systems must be developed to 1) prevent errors and 2) ensure that clinicians provide the effective care they intend to provide (87)

· The application of behavioral principles and data to system development results in more effective systems (29).

· Equipment and product design must not only consider the site of care and the conditions of use, but also the end user of the product (42).
White Tab Analysis

Human-Computer Interaction Theories or Human Factors Theories

· Beard and Peterson draw a distinction between the two concepts: ergonomics deals with physical aspects of human--computer interaction while, human factors concentrates on human capabilities and limitations, principally cognitive capabilities and limitations. (1)

· (McCormick and Sanders, 1982)  The systematic application of relevant information about human abilities, characteristics, behaviors, and motivations to the execution of functions. (1)

· Human Factors Engineers document the psychological properties of people and the design techniques that can be used to create a fit with those properties. (7)

· HF engineering…also known as ergonomics…is the study of the physical characteristics and limitations of humans which can be further subdivided into physical and anatomical characteristics.  Cognitive engineering includes proficiency in perception, learning, judgment, and memory when responding to an input. (43)

Human Information Processing

· Existing human-computer interaction and nursing informatics frameworks are inadequate for studying the spectrum of elements important to the nurse-computer interaction process. (63)

· The brain can process 5-9 items or chunks of information at any given moment (Miller, 1956; Salvendy, G. 1992) (5)

· Attention has three forms selective attention, focused attention, and divided attention.  Defined page 37.   (6) 

Requirements Analysis

· Requirements are established in order to assure that a product will perform to certain standards. (6)

· 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). (6)
· Human factors requirements 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 P. 93. (6)

Environmental Analysis

Task Analysis

· Task analysis is a 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. (5)

· Task analysis is performed by recording the systems response to each user action.  Thbe flowcharts and task descriptions thus generated can be used to document how certain actions of the system or user result in error. (5)

· Challenges for system designers include: 


1) present information within the limits of the user's ability to process it, 


2) distinguish critical system information from other information,


3) direct the user's attention to the system when necessary. (5)

· Task analysis questions:  Have all the users tasks been account for?  Are the tasks correctly described?  Are they arranged in logical order?  What are the consequences of performing a task incorrectly?  What information does the user need to recover from an error?  What tasks will be performed by the computing system?  what hardware will the user need to perform each task successfully? (5)

Usability Design

· Behavior shaping constraints is a systematic design principle stating that  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. (7) p. 100

· 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. (18)

· Computer systems should be designed to mirror users' mental organization of work methods.  (1) 

· Often computer designers use a language that is foreign to nursing and other health care disciplines. (1)

· A lack of consistency can create confusion about the message to be delivered. (1)

· Uninterpretable messages ominous messages may imply blame.  Nurses may not recognize error messages. (1) 

· Humanistic view :  focus on people for example cognitive psychology studies how the human mind works an understanding of 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. (7)

· The reductionist strategy that led to the two cultures problem has also led directly to our troubles with technology.  Technology and people co-exist in the real world.  Our traditional ways of thinking have ignored and virtually made invisible the relationship between people and technology. (7)

· "Nurses choose their careers because they like to take care of people, not because they like to program complex computer-based medical devices or because they have a Ph.D. in computer science." p. 34 (7) 

· Healthcare has lagged behind the aviation industry in applying Human-tech thinking in situations that require teamwork.  There is a critical need for technology to bridge communication among healthcare providers:  Techology designers often know too much about technology for their own good, and too little about the tasks that other people perform with technology.  To be successful candidate technologies need the support of social structures that foster cooperation and coordination amongst individuals and institutions. (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. (7) 

· Wright (2000) The design of technology has to have affinity with human nature to be successful.  Vicente p. 45 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.  The systems approach encourages us to think about relationships between people and technology.  Design is all about creating emergent properties.  (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. (7)

· 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. (7)

· Safety/Error Prevention: Complex technological systems are usually designed with several layers of safeguards, an approach known as "defence in depth." p.274. (7)

· Key Assumptions: 1) user errors cannot be completely eliminated, 2) the likelihood of user errors will increase when a system is poorly designed, and 3) that the user's overall work environment can also contribute to errors. (5)

· Human Factors is an applied science focused on minimizing human errors and optimizing performance where human beings interface with a device.  The philosophy of a HF expert is best understood by their use of the term use error vs user error.  User error assume the user is at fault…use error denotes that during use of the medical device an error occurred. (43)

· 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. (43)

· Vigilence - a subset of situational awareness depends on alertness, attention, and diagnostic skills. (82)

· Adaptive Access is the prescription and customization of hardware and software to facilitate such tasks as communication and other activities of daily living.  Device customization entails modification of the device to suit the specific abilities and needs of the client best. (Lee K., Thomas D., 1990; Wright C., Nomura M., 1988) (2)

· Device prescription involves the replacement of those functions normally accomplished by standard input devices (keyboards and pointers) with alternative devices that are capable of modifying, substituting, or emulating standard data entry modes.    Clinicians typically prescribe devices with the greatest potential for productivity.  (2)

· Digit travel Digit travel may be defined as the displacement traversed by the digits in the horizontal or vertical planes as successive keyboard keys are activated (no citation). (2)

· Digit loading is defined as the force that must be exerted by the digits to activate the keyboard keys (no citation) (2)

· Device positioning is the fundamental component which relates device height, proximity, and angle to the placement of keyguards, alternative switchboards, or switches. (2)

· Human centered system design presumes that the cause of error is inherent in the system design and not in any single system element.  (6)

· Mediation - 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. (6) 

· 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. (12)

Usability Development

Usability Testing

· Includes a set of experimental and analytic tools for quantitative assessment of how well any given object can be used by an individual having specific capabilities.  (2)

