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FOREWORD

Review of the fourth edition and comment on the fifth edition by Donald A. Norman, Director and Co-Founder, University
of California, San Diego Design Lab.

This review was written by me for my Website (www.jnd.org): hence the informal writing style. Although it is not in the format
I would have provided had I done a normal foreword for this Handbook. I have given permission to reprint it here. I could write
it more substantively, with more words and deeper analysis, but the message would stay the same: This is an essential book for
professionals and students alike. Maybe the message is even stronger in this shorter, less formal format.

I’m often asked for reading suggestions, especially for references to the literature on Human Factors and Ergonomics. In the past
few months, I have been reading chapters of one book that has it all: Gavriel Salvendy’s massive tome, the Handbook of Human
Factors and Ergonomics. It is huge, with over 1,500 pages and 61 chapters. It takes 2 pages just to list the advisors, 10 pages to list
the authors of the chapters. It is also expensive: $250.

Buy it. The articles are all excellent. They all reflect up-to-date reviews of the areas they cover. They are wonderful self-study
material, wonderful references, and would make excellent material in multiple courses. Yes, it is obscenely expensive, but this one
book is the equivalent of 10 normal books. Consider it as essential piece of professional equipment. Buy it. Use it.

If you don’t know human factors, this is a great way to find the parts relevant to your work. And even if you are an expert, this
book will be valuable because it is unlikely that you are expert at all the topics covered here, yet very likely you will need some
of the ones you are not (yet) expert at. I follow my own advice. I consider myself an expert (I am a Fellow of the Human Factors
Society), but I still learn each time I read from these pages. So, yes, grit your teeth and buy the book.

The 5th edition has new — and very important — chapters written by the authorities in each topic. It has kept up with the times
and become even more valuable as both a text and a reference.

Review of the fifth edition by Thomas B. Sheridan, Ford Professor Emeritus of Engineering and Applied Psychology,
Massachusetts Institute of Technology

The fifth edition of the Handbook of Human Factors and Ergonomics is the most authoritative and comprehensive reference work
in the field.

From the Foreword to the second edition by John E. Smith, Jr., Chairman of the Board, Chief Executive Officer and
President, General Motors Corporation

The publication of this second Handbook of Human Factors and Ergonomics is very timely. It is a comprehensive guide that contains
practical knowledge and technical background on virtually all aspects of physical, cognitive, and social ergonomics. As such, it can
be a valuable source of information for any individual or organization committed to providing competitive, high-quality products
and safe, productive work environments.

From the Foreword to the first edition by E. M. Estes, Retired President, General Motors Corporation
Regardless of what phase of the economy a person is involved in, this handbook is a very useful tool. Every area of human factors

from environmental conditions and motivation to the use of new communications systems, robotics, and business systems is well
covered in the handbook by experts in every field.
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PREFACE

The Handbook of Human Factors and Ergonomics (HFE) provides scientifically-based practical information applied to
the design of systems, including hardware, software, facilities, and environments for effective human use, safety, and
comfort, which results in high quality and productive work performance, and products and services which customers like.
The Handbook’s first four editions have received strong endorsements from captains of industry and leading scientists
worldwide. Some of the previous editions have also been published in Japanese and Russian and won the Institute of
Industrial Engineers’ Joint Publishers Book of the Year Award.

The HFE discipline is well recognized worldwide, with over 50 scientific societies working under the umbrella of the
International Ergonomics Association. HFE professionals play a critical role in the design and operation of products, pro-
cesses, and systems to benefit humankind. When HFE is effectively implemented, it can improve the quality, productivity,
safety, and well-being of people worldwide.

The 57 chapters were authored by 142 experts from four continents. In creating this Handbook, the authors gathered
information from 10,193 references and presented 619 figures and 269 tables to provide theoretically based and practically
oriented HFE knowledge for practitioners, educators, and researchers.

The chapters have been completely revised and updated, and 17 new chapters have been included to account for the
rapidly expanding theory, methods, and applications of the HFE discipline. These new chapters discuss the following
subjects:

e Human Systems Integration and Design

e Emotional Design

e Three-Dimensional (3D) Anthropometry and Its Applications in Product Design
e Manual Materials Handling: Evaluation and Practical Considerations

e Modeling and Simulation of Human Systems

e Neuroergonomics

e Representation Design

e Mobile Systems Design and Evaluation

e Human-Centered Design of Artificial Intelligence

e Cybersecurity, Privacy, and Trust

e Human-Robot Interaction

e Human Factors in Social Media

e Design of Digital Technology for Children

e Data Analytics in Human Factors

e Human Factors and Ergonomics in Design of A*: Automation, Autonomy, and Artificial Intelligence
e Human Side of Space Exploration and Habitation

e Human Factors and Ergonomics for Sustainability.

xxiii
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The main aim of this Handbook is to serve the needs of the human factors and ergonomics researchers, practitioners,
educators, and others who need to apply HFE knowledge to the effective design and operation of products, services and
systems utilized for the benefit of mankind. The many contributing authors came through magnificently. We thank them
all most sincerely for agreeing so willingly to create this Handbook with us.

GAVRIEL SALVENDY AND WALDEMAR KARWOWSKI
October 2020
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The purpose of science is mastery over nature.

F. Bacon (Novum Organum, 1620)

1 INTRODUCTION

Over the last 70 years, human factors, a term that is used
here synonymously with ergonomics and denoted as human
factors ergonomics (HFE), has been evolving as a unique and
independent discipline that originated with a focus on the
nature of human-artifact interactions. Such interactions are
viewed from the unified perspective of the science, engineering,
design, technology, and management of human-compatible
systems, including a variety of natural and artificial products,
processes, and living environments (Karwowski, 2005). The
various dimensions of such defined ergonomics discipline are
shown in Figure 1. The International Ergonomics Association
(IEA, 2003) defines ergonomics (or human factors) as the
scientific discipline concerned with the understanding of the
interactions among humans and other elements of a system and
the profession that applies theory, principles, data, and methods
to design in order to optimize human well-being and overall
system performance. Human factors professionals contribute to

10 HUMAN-CENTERED DESIGN OF SERVICE

SYSTEMS 25
11 HUMAN-SYSTEMS INTEGRATION 25
12 BOARD ON HUMAN-SYSTEMS INTEGRATION

OF THE NATIONAL RESEARCH COUNCIL 27
13 THE INTERNATIONAL ERGONOMICS

ASSOCIATION 27
14 THE FOUNDATIONL FOR PROFESSIONAL

ERGONOMICS 29
15 FUTURE OPPORTUNITIES 30

15.1 Developing the Discipline and Profession 30

15.2 Human Factors and Global Trends 31

15.3 Human Factors and Sustainability 31

15.4 Cyberergonomics: The Ergonomics of the Artificial 31

REFERENCES 33

the design and evaluation of tasks, jobs, products, environments,
and systems in order to make them compatible with the needs,
abilities, and limitations of people. HFE discipline promotes
a holistic, human-centered approach to systems design that
considers the physical, cognitive, neural, social, emotional,
organizational, developmental, ecological, environmental, and
other factors relevant for the socio-economic development and
well-being of the global society (Ayaz & Dehais, 2018; Bridger,
2006; Chapanis, 1995, 1999; Drury, 2008; Edholm & Murrell,
1973; Falzon, 2014; Grandjean, 1986; Hancock, 2017; Jaworek,
Marek, & Karwowski, 2020; Karwowski, 2001; Kroemer, 2017;
Moray, 2000; Parasuraman, 2003; Salvendy, 1997; Sanders &
McCormick, 1993; Stanton et al., 2004; Vicente, 2004; Wilson,
2014; Wilson & Corlett, 1995).

Historically, ergonomics (ergon + nomos), or “the study
of work,” was originally and proposed and defined by the
Polish scientist B. W. Jastrzebowski (1857a—d) as the scientific
discipline with a very broad scope and wide subject of interests
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Figure 1 General dimensions of ergonomics discipline. (Source: Karwowski, 2005. © 2005 Taylor & Francis.)

and applications, encompassing all aspects of human activity,
including labor, entertainment, reasoning, and dedication
(Karwowski, 1991, 2001). In his paper published in the journal
Nature and Industry (1857a—d), Jastrzebowski divided work into
two main categories: the useful work, which brings improve-
ment for the common good, and the harmful work that brings
deterioration (discreditable work). Useful work, which aims to
improve things and people, is classified into physical, aesthetic,
rational, and moral work. According to Jastrzebowski, such
work requires utilization of the motor forces, sensory forces,
forces of reason (thinking and reasoning), and the spiritual
force. The four main benefits of useful work are exemplified
through the property, ability, perfection, and felicity.

The contemporary ergonomics discipline, independently
introduced by Murrell in 1949 (Edholm & Murrell, 1973), was
viewed at that time as an applied science, the technology, and
sometimes both. British scientists had founded the Ergonomics
Research Society in 1949. The development of ergonomics
internationally can be linked to a project initiated by the Euro-
pean Productivity Agency (EPA), a branch of the Organization
for European Economic Cooperation, which first established
a Human Factors Section in 1955 (Kuorinka, 2000). Under
the EPA project, in 1956, specialists from European countries
visited the United States to observe human factors research. In
1957, the EPA organized a technical seminar on “Fitting the Job
to the Worker” at the University of Leiden, The Netherlands,
during which a set of proposals was presented to form an interna-
tional association of work scientists. A steering committee con-
sisting of H.S. Belding, G.C.E. Burger, S. Forssman, E. Grand-
jean, G. Lehman, B. Metz, K.U. Smith, and R.G. Stansfield,
was charged to develop a specific proposal for such an associ-
ation. The committee decided to adopt the name International
Ergonomics Association (Koningsveld, 2019). At the meeting
in Paris in 1958, it was decided to proceed with forming the new
association. The steering committee designated itself the Com-
mittee for the International Association of Ergonomic Scientists
and elected G.C.E. Burger as its first president, K.U. Smith as
treasurer, and E. Grandjean as secretary. The Committee for the
International Association of Ergonomic Scientists met in Zurich
in 1959 during a conference organized by the EPA and decided
to retain the name International Ergonomics Association. On

April 6, 1959, at the meeting in Oxford, E. Grandjean declared
the founding of the IEA (Koningsveld, 2019). The committee
met again in Oxford, later in 1959 and agreed upon the set of
bylaws or statutes of the IEA. These were formally approved by
the IEA General Assembly at the first International Congress of
Ergonomics held in Stockholm in 1961.

Historically, the most often cited domains of specialization
within HFE have been the physical, cognitive, social, and
organizational ergonomics and the area of human—computer
interaction. Physical ergonomics is mainly concerned with
human anatomical, anthropometric, physiological, and biome-
chanical characteristics as they relate to physical activity
(Chaffin, Anderson, & Martin, 2006; Karwowski & Marras,
1999; Kroemer et al., 1994; Marras, 2008; National Research
Council, 2001; Pheasant, 1986). Cognitive ergonomics focuses
on mental processes such as perception, memory, informa-
tion processing, reasoning, and motor response as they affect
interactions among humans and other elements of a system
(Diaper & Stanton, 2004; Hollnagel, 2003; Vicente, 1999).
Organizational ergonomics (also known as macroergonomics)
is concerned with the optimization of sociotechnical systems,
including their organizational structures, policies, and processes
(Hendrick & Kleiner, 2001, 2002a, 2002b; Holman et al., 2003;
Nemeth, 2004; Reason, 1997). Examples of the relevant topics
include communication, crew resource management, design of
working times, teamwork, participatory work design, commu-
nity ergonomics, computer-supported cooperative work, new
work paradigms, virtual organizations, telework, and quality
management. The above traditional domains as well as new
domains are listed in Table 1.

According to the above discussion, the paramount objective
of HFE is to understand the interactions between people and
everything that surrounds us and, based on such knowledge, to
optimize the human well-being and overall system performance.
Table 2 provides a summary of the specific HFE objectives as
originally discussed by Chapanis (1995). According to National
Academy of Engineering (2004), in the future, ongoing devel-
opments in engineering will expand toward tighter connections
between technology and the human experience, including new
products customized to the physical dimensions and capabilities
of the user, and ergonomic design of engineered products.
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Next-next generation interfaces, 1242,
1244
Next-next generation technologies,
12421245
NGIA. See National Geospatial
Information Authorities
Ngram Viewer, usage, 763, 763f
NGT. See Nominal group technique
NHEPs. See Nominal HEPs
Nightingale, Florence, 896
NIHL. See Noise-induced hearing loss
NIOSH. See National Institute for
Occupational Safety and Health
NIPTS. See Noise-induced permanent
threshold shift
NIST. See National Institute of Standards
and Technology
NITTS. See Noise-induced temporary
threshold shift
NLE. See National Institute for
Occupational Safety and Health
Lifting Equation
NLP. See Natural language processing
Nociceptors, 76
Node-link diagrams, usage, 931
Nodes (removal), OSMtidy outputs
(basis), 1371t
No-fault grand bargain, 575-576
Noise, 286
acoustic environment, impact, 486
annoyance effects, 478
attention, requirement, 469
audibility/reducing effects, 288—289
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lifting guidelines (comparison), 616t
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PackBot uPoint controller interface, 1126f
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PALIO (Design for All application),
1203-1205, 1205f
PANAS. See Positive and Negative Affect
Scales
PAQ. See Position analysis questionnaire
Parallel coordinates, 927, 927f, 928f
Parallel processing, 143
Parallel simulation, distributed simulation
(contrast), 717
ParaView, usage, 941f
Parietal pathway, 59
Participation
awareness (collaboration
element/condition), 1293
dimensions, 232-233
Participatory design (PD) workshops,
usage, 968
Participatory ergonomics (PE), 232-233,
1428
Participatory ergonomics framework
(PEF), 232-233
Part-task training, 105
Passive BCI, 828-829
Passive exoskeleton (load transfer device),
usage, 642f

Passive touch, 77
Passwords, usage, 1111-1112
Patient journey, 1424-1425
Patient safety, 1421-1423
Patient Safety Learning Laboratories
(PSLLs), AHRQ
creation/development, 1418
Pattern matching process, 528
Pattern recognition, 83—-84
PCA. See Principal component analysis
PCM. See Phase change material
PD. See Participatory design; Physical
Demand
PDA. See Personal digital assistant
PDF Universal Accessibility, 1225
PE. See Participatory ergonomics
Peak workload, 216-217
Peer tutoring, 1296
PEF. See Participatory ergonomics
framework
PELs. See Permitted exposure levels
Pen-based interaction, 1264
People + Al Guidebook (Google), 1088
People (trust), computers (usage), 1109
Perceived ease of use (PEOU), 1046,
1154, 1157
Perceive-decide-act sequence, 1360
Perceived noise level (PN ), 480
Perceived shading, impact, 69f
Perceived usefulness (PU), 1046, 1154
Perception, 57, 61-63, 115
age-related changes, 1254t
anatomical/physiological methods,
58-59
auditory perception, 74-75
classical threshold methods, 59-61
cognitive process, description
(theories), 520
comprehension/cognition, 131-142
data interpretation, 119-131
decline, 1254-1256
depth perception, size consistency
(role), 122f
hazard perception, 656
higher-level properties, 78-84
illusions, 121f, 794
investigation methods, 58-64
motion perception, 82—83
orientation, stimuli differences, 79f
pattern recognition, 83—-84
perception-action cycle, 1388
perceptual organization, 78-80,
125-131
pitch perception, 75
Ponzo illusion, 81f
psychophysical methods, 59
spatial orientation, 80—82
techniques, 63—-64
user interface considerations, 255
visual depth perception, 80-81
visual perception, 68—72
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Perceptual computing, 1091-1092
Perceptual phenomena, 64-78
Perceptual skills, child development, 1288
Performance
dual task performance, consequences,
1040
level, error modes, 526t
support, 1039
Performance influencing factors (PIFs),
528, 551
Performance-shaping factor (PSF), 516,
528, 544-552, 559-560
components, 553, 553f
conceptualization/identification,
552-554
effect, combination, 556
effects/multiplier design, 554-555
factors, 553f
focus, 875
indicators, 553f
influencing mechanism, 555
inter-relationships, 555-556
measurement/quantification, 554
relational-based categories, 553
taxonomies, 553-554
time-related PSFs, 561-562
Periodogram, usage, 1377f
Peripheral nervous system (PNS),
212-213
Permitted exposure levels (PELs), 583
Perseveration, 825
Personal digital assistant (PDA), usage,
858, 1051
Personal eye protectors, 670-671
Personal health resources (workplace
factor), 229
Personality traits, description, 1156
Personally identifiable information (PII),
providing, 1109
Personal protective equipment (PPE),
583, 645, 668-671
Personas, defining, 957
Personnel (HSI domain), 26
Perspective projected 3D data, usage, 930f
PERT. See
Program-evaluation-and-review
technique
PET. See Positron emission tomography
PetriNet, 716
Petro-human reliability analysis
(Petro-HRA), 546-548, 555
PETs. See Privacy Enhancing
Technologies
PFC. See Prefrontal cortex
Phase change material (PCM), usage,
676, 677
Phase spaces, 1375-1377
PHEA. See Predictive Human Error
Analysis
Phonological loop, information storage,
133
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Phons (scale), 478
Photosensitive patients, photoconvulsive
response (percentage), 1233f
Physical activities, compressive forces
(ranking), 602f
Physical barriers, 645
Physical/cognitive/environment
interrelationships, 315f
Physical Demand (PD) (NASA-TLX
subscale), 209
Physical environment, ergonomics, 1321
Physical ergonomics, 258-260, 259¢, 704
Physical impairments, 1227-1228
Physical landmark recognition (PLR), 289
Physical neuroergonomics, 819
Physical object simulation, HITLS
(contrast), 716
Physical Performance Test, 1250
Physical robots, human interaction,
269-270
Physical Self-Maintenance Scale (PSMS),
1250
Physical work, 229, 310
Physical workload, recorder channels
(allocation), 1358f
Physiological measurements, 1159
Physiological pleasure, 239
Physiological synchrony (PS), 828
Pictorial symbols, examples, 652, 653f,
654655, 654f
Pie chart, usage, 923-924
PIFs. See Performance influencing factors
PII. See Personally identifiable
information
Pilot
controller, closed-loop system, 1467f
error, term (usage), 1461
helmets, product design, 294-296
pilot-vehicle integration, 1493-1496
testing, usage, 1429
Pitch perception, 75
Planning, algorithms/aids/updates, 744,
745f, 746
Plattner, Hasso, 40
Playbook system, robot management,
1127
Playfair, William, 895
Pleasure-Arousal-Dominance (PAD)
Emotion Scale, 1157
Pleasures, types (Jordan), 239
PLM. See Product life cycle management
Plotly user interface, 937f
PLR. See Physical landmark recognition
PN . See Perceived noise level
Pneumatically driven vacuum hoist, 638f
PNGs. See Portable network graphics
PNS. See Peripheral nervous system
Poggendorf illusion, 121
Point clouds, 288-289, 288f-290f
Point plot, 918, 918f, 921
Pokemon Go! (release), 806

Political polarization, social media
(impact), 1169
Polychronic time, dominance, 257
Polyethylene, helmet component, 672
Polygonal point cloud, 288, 288f, 289f
Polyurethanes, shape memory, 677
Polyvalent logic, 1447
POMDP, usage, 1297
Ponzo illusion, 81f, 122f
Population
data, tree-map/circle-packing plots,
910f
estimation, pie chart, 924f, 925f
gender/age group, analysis, 925f
older population, percentage, 1250f
relative changes, estimation, 924f
stereotypes, 96
Portable 3D scanner, usage, 298-299
Portable functional neuroimaging,
evolution, 820
Portable network graphics (PNGs), usage,
943
Position analysis questionnaire (PAQ),
863
Position dynamics (zero-order system),
response, 144
Positive and Negative Affect Scales
(PANAS), 1004
Positron emission tomography (PET),
usage, 822
Possibility guides, usage, 408
Post-attentive visual system, drawbacks,
901
Post-Study System Usability
Questionnaire (PSSUQ), 991,
999-1001, 1000t
Post-task questionnaires, 1003
Postural fixity, effects, 369
Postural indices (assessment),
fuzzy-based model (structure), 348f
Postural load index, 338
Postural LUBA, 336-340
Posture
category, MHT (relationship), 339t
control, 1254
lordotic/kyphotic postures, 370f
scores, 336f
sustained bent posture, 630f
POT. See Psychological ownership theory
Power distance (cultural dimension), 253
Powered bed-moving device, 727
Powered mover, usage, 640f
PPE. See Personal protective equipment
PRA. See Probabilistic risk assessment
Practical Usability Rating by Experts
(PURE), 977
Practice, maturity, 51
Pragmatics, 974
Prignanz (perceptual organization
principle), 78
Pre-attentive alerting, 118

INDEX

Pre-attentive processing, demonstration,
901f
Predictions
absence, 145
decision maker overconfidence, 166
importance, 750
prediction validity (concurrent
validity), 860
Predictive cancel, 1360
Predictive displays, 145
Predictive Human Error Analysis
(PHEA), 530, 531t
Predictive, presence, 145
Preference, 174-175, 178, 184-186.
See also Human preference
Preferentiality (MWL aggregation
strategy), 216
Preferred speech interference level
(PSIL), 486487, 486f
Prefrontal cortex (PFC), 823, 828
Presidents, Dow Jones performance, 907f
Pressure perception, age-related changes,
1255
Pressure values (visualization), cutaway
plane (usage), 941f
Prevalence paradox, 1394
benefits, 1448
Prevention. See Digital transformation
premises, 1448
understanding, 1448
Primary field of view, 118
Primary task performance measures, 206
Principal component analysis (PCA), 929,
929f, 1375
Principles of Scientific Management,
The (Taylor), 360
Privacy, 1107, 1110-1111
Aml privacy, 1070-1071
protection, 1150
user perceptions, 10631064
Privacy Enhancing Technologies (PETs),
usage, 1070-1071
Probabilistic risk assessment (PRA),
541-542
Probabilistic safety assessment (PSA),
541-542
Probabilities
assessment, operator judgment
(calibration), 753
problems, discovery (likelihood), 989t
Probability density function, 934f
Problem description scheme, 992
Problem discovery test, 980, 989
Problem solving, 139-140, 159, 523
impact/usage, 180-191
rationalistic approach, Al (usage), 1087
usage, 257-258
Procedural memory, age-related changes,
1258
Procedural scenarios, 52
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Procedures audits, following (failure),
869-870
Process
charts, 408, 1358-1360, 1359f
constraints, 952, 956
failure, 976
models (MSHS), 716
support, 1457
Process control automation, human
supervisory control, 739
Process Safety Management Standard
(OSHA), 584
Product
comparison, 981-982
design, 1191, 1267-1273
ecosystems, emotional design (usage),
246
ergonomic product life cycle
management, 1518-1519
expert, usability role, 985
life cycle, human error prevention, 533f
operation, ease, 1321t
physical handling/opening, numbers
(maximization), 1240
sustainability, 1517-1518
term, application, 1342
usage (noninjury), numbers
(maximization), 1242
Product design, 3D anthropometry, 283
application/approach, 292-297
dynamic application, 293
ear-related products, 296
static application, 3D anthropometry
data (usage), 292-293
Production
line audit, 867-868
schedule display, 955f
Productivity
basis, 1448
increase, division of labor (impact),
1439
push, history, 359-360
requirements, 1448
Product life cycle management (PLM),
761, 762,765, 766, 769
Product-Service-Systems (PSS), 1452
Profile cards, usage, 186f
Profile/identity building (social media
service), 1144
Program-evaluation-and-review technique
(PERT) network model, 692
Project
life cycle, human error prevention, 533f
management, concepts/methods, 1429
redesign (change), resistance
(overcoming), 399
Prone cart, usage, 642f
Property sheets, designer usage, 1196
Proprietor content, 1148
Prospective memory, age-related changes,
1258

Prospect theory, 174
Protective clothing, influence, 675-678
Protective glasses, length/depression
angle (adjustment), 670f
Protective gloves, usage, 678-679
Protective helmets, 671-673
Prototyping, usage, 41, 975, 1029
Provider survey, 873t
Proxemics, 1132
Proximity
close/distant display proximity, 128f
diagram, 379f
principle, 906, 908
table, 379f
Proximity compatibility, 125-131
Proximity Compatibility Principle (PCP),
80, 127-128, 130, 141
Proxy models, usage, 1097
PRP. See Psychological refractory period
PS. See Physiological synchrony
PSA. See Probabilistic safety assessment
PSE. See Performance-shaping factor
PSIL. See Preferred speech interference
level
PSLLs. See Patient Safety Learning
Laboratories
PSMS. See Physical Self-Maintenance
Scale
PSS. See Product-Service-Systems
PSSUQ. See Post-Study System Usability
Questionnaire
Psychological ownership theory (POT),
1151
Psychological pleasure, 239
Psychological process models, 692
Psychological refractory period (PRP)
effect, 99—100
Psychology disciplines, domains, 5t
Psychometric curve, 519f
Psychometric evaluation, 995-997
Psychophysical acceptance (pain
pathway), 312
Psychophysical scaling, 63
Psychophysical tables (snook tables),
633-634
Psychophysiogical measures, usage,
1157-1158
Psychosocial measuring instruments, 314t
Psychosocial parameters, nursing SEM,
727
Psychosocial work environment
(workplace factor), 229
Psychosocial work stressors, effect
(pooled odds ratios), 315t
PsychSim (recursive simulation
environment), 1130
PU. See Perceived usefulness
Public benefits/costs, 888t
Pull-down menus, usage, 1022
Pull, maximum acceptable forces (males),
635f
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Purdue Usability Testing Questionnaire
(PUTQ), 1003

PURE. See Practical Usability Rating by
Experts

Pure tone, masking (upward spread), 481f

Purkinje shift, 69

Pursuit eye movements, usage, 498-499

Pursuit manual control system, linear
model, 500f

Pushing-and-pulling task, 330, 331f. See
also Manual pushing/pulling tasks

Pushing/pulling, 634, 634f, 635f, 637

PUTQ. See Purdue Usability Testing
Questionnaire

Q

Qualitative color set (Colorbrewer), 913f
Quality assurance, baseline, 962
Quality function deployment (QFD), 184,
245,707
Quality management standards, 1344t
Quality management standards (ISO
9000-2005), 1340-1344, 1343t
Quality of life, well-being (relationship),
1069-1070
Quality value (QV), assigning, 548
Quantifying the User Experience
(Sauro/Lewis), 1005
Quantile dot plot, 934f
Quantitative data, mapping, 913
Quantitative objectives, comparison,
980-981
Questionnaire for User Interaction
Satisfaction (QUIS), usage, 803,
994, 1003, 1028
Questionnaires
child usage, 1298
data collection method, 870-871
standardized questionnaires, usage, 976
usage, 1018-1019
validity, 994
Queue model, 712
Queuing network (QN), 692—-695, 694f,
696f, 701f
QUIS. See Questionnaire for User
Interaction Satisfaction
QV. See Quality value
QWERTY keyboard, usage, 1262

R

Radar plot (spider plot), 927, 928f

Radial Basis Function Artificial Neural
Network (RBFANN), 291

Radial network, 1378

Radio frequency identification (RFID),
1049, 1115

Rainbow colors, simulation, 915f

RAMCIP robot user interface (Design for
All application), 1207-1209, 1208f,
1209t
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RAMSIS, 717, 730, 770
Random confirmatory trials (RCTs),
usage, 425
Random-incidence response, 464
Random sampling, 862
Range of motion (ROM), 338
Rankine cycle display, usage, 127f
Ranking-based aggregation (MWL
aggregation strategy), 216
Ransomware, 1115-1116
Rapid Entire Body Assessment (REBA),
336, 338t
Rapid eye movement (REM) sleep,
post-flight changes, 1490
Rapid Iterative and Evaluation (RITE)
method, 1030
Rapid upper limb assessment (RULA),
335-336, 343, 348
Ratio logic, 1447
Rational choice, axioms, 162
Rationality axioms, violation, 173
RBFANN. See Radial Basis Function
Artificial Neural Network
RCTs. See Random confirmatory trials
Reach zone, 259
Reaction time (RT)
continuous manual control, 144—-145
decision complexity advantage, 143
function, factors, 93
increase, information transmission
(relationship), 93f
pacing, 143
parallel processing, 143
recording (primary dependent
measure), 92
speed-accuracy tradeoff, 143-144
Reactive BCI, 828-829
Readability, cognitive impact, 1148
Reading, GO model, 84
Real/archetypal road networks, network
connectivity metrics, 1378t
Real ear at threshold (REAT) method,
usage, 674
Real-time analyzers, usage, 466
Reasoning, 256t, 523
REBA. See Rapid Entire Body
Assessment
Rebaring task, 641f
Receiver, defining/knowledge, 649, 660
Receiver operating characteristic (ROC)
curve, 62, 62f
Reciprocity (influence principle),
1113-1114
Recognition-primed decision (RPD),
176-177, 525-527
Recommended exposure limits (RELs),
583
Recommended weight limit (RWL),
327-328, 615, 631-632
Recorder channels, allocation, 1358f
Red line threshold, usage, 217

Reinforcement learning, ML approaches,
1127-1128
Relationship management, 1144, 1147
Relative accuracy/effort, trade-off, 175f
Relative effect method, 555
Reliability, defining, 861
Reliance, factors (influence), 1397
RELSs. See Recommended exposure limits
REM. See Rapid eye movement
REMOTE calendar application, to-do list
(example), 1207f
Remote Online Social Engineering
(ROSE) techniques, 1400
Repertory grid technique, usage, 867
Representation
conventions, 956f
levels, reading (example), 83f
visual representation, 953-957
Representation design, 947, 949-950
Representativeness heuristic, 168—169
Research and development (R&D),
880-881, 883
Reserve (privacy state), 1110
Residual cost, 99
Resilience engineering, usage, 1422-1423
Resilient cities, 1365-1366
100 Resilient Cities (100RC)
indicators, data (usage), 1367,
1370
framework, 1368t—1369t
Resolution acuity, 70
Resource allocation, 149
Resources commitments, HCD approach,
51f
Resource Theory (RT), 205
Respiratory protective devices (RPDs),
668-670
Response. See Stimulus-response
confusability, 143
inhibition, social media (impact), 1166
serial response time, 142-143
sets, configurations, 94f
Response-effect compatibility, 96
Rest time, 308
Retina, 65-67, 66f
Retinal disparity, 80
Retinal eccentricity, 117-118
Return on investment (ROI) analysis, 881,
885
Return-to-work (RTW) trajectory,
prediction, 346
Reverberant field, 474
Revised NIOSH Lift Equation, 1312
Revised NIOSH Lifting Equation
(RNLE), 616
Revised Strain Index (RSI), 342-343
RFID. See Radio frequency identification
Richardson, Jane, 932
Ride comfort, 505
Ridesharing, older adult usage,
1269-1270
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Right posterior parietal lobe, 59
Rigid automation, shift, 50f
Risk
assessment/control, biomechanical
modeling (usage), 326-343
attitudes, utility functions, 164f
biomechanics, 601-609
evaluation, 668
factors, 1356t
management, sociotechnical system
representation, 850f
pyramid, 1355f
risk taking, 752
RITE. See Rapid Iterative and Evaluation
R language, usage, 1367
R.L. Mace Universal Design Institute
(UDI), 1246
RNLE. See Revised NIOSH Lifting
Equation
Robotic operations, SA maintenance,
1132
Robots
anthropomorphism, 1132
autonomous robots, usage, 1124
communication style, 270
direct/near-direct control, 1122
gesture/haptic control, 1123-1124
human factor issues, 1132-1135
humanoid robots, 730f, 1124-1125
human-robot interaction (HRI), 269
human supervisory control, 739
human-swarm interaction, shared
control, 1127
industrial robots, standards, 1346
interfaces, 1130-1132
within line of sight/short-range
teleoperation, 1122
long-range teleoperations, 1122-1123
manual control, 1122
manual controllers, usage, 1123
marsupial systems, 1125-1126
multi-model interaction, usage, 270
multirobot control, 1126
multirobot management research,
IMPACT testbed, 1125f
multirobot systems, supervisory
control, 1126
non-humanoid robots, usage, 1124
performance, 1269, 1444
physical appearance, 269
physical robots, human interaction,
269-270
programming, scripting language
(elements), 747t
proxemics, 1132
psychomotor aspects, 1133
remote navigation/manipulation, 1133
semiautonomous robots, usage, 1124
situation awareness (SA), 1132-1133
spatial visualization/orientation factors,
1134
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supervisory control, automated players
(usage), 1127
swarms, 1125, 1126
teleoperation, 1122
wearable robotics, usage, 619-621
Rocket Surgery Made Easy (Krug), 1005
Rod-and-frame test, 254
ROIL. See Return on investment
Role analyses, AUTO tetrahedron edge,
45
Role-related stressors (job stressor
category), 230
Rolling stock, 1357
ROM. See Range of motion
Root mean square (rms) (RMS), 464,
688-689
ROSE. See Remote Online Social
Engineering
Rossling, Hans, 898
RPD. See Recognition-primed decision
RPDs. See Respiratory protective devices
RSI. See Revised Strain Index
R square, defining, 688
RT. See Reaction time; Resource Theory
Ruben’s vase, figure-ground organization,
78f
RULA. See Rapid upper limb assessment
Rule-based behavior, 1020
Rule-based tasks, 1063
Rule extraction approaches, usage,
1097
Rules of order, 180
Runway incursion accidents, 1469
RWL. See Recommended weight limit

S
SA. See Situation awareness
SACADA. See Scenario Authoring,
Characterization, and Debriefing
Application
Saccadic eye movements, 82, 499
SAE. See Society of Automotive
Engineers
Safety
Aml safety, 1070-1071
event reviews, 5487
functional category, 1229, 1242
HSI domain, 26
information/feedback, distribution,
646f
inspection, 855, 856
knowledge, enhancement, 655
Safety Data Sheets (SDSs), usage,
585-586, 649
Safety Management System (SMS),
establishment, 535, 536, 1473
Safety parameter display system (SPDS),
749-750
SAFTE. See Sleep activity fatigue and
task effectiveness

SAGAT. See Situation Awareness Global
Assessment Technique
SAINT. See Systems analysis of
integrated networks of tasks
Salience, 117, 147
mapping, usage, 1097
misplacement, 441
Salience, effort, expectancy, and value
(SEEV), 117-118, 521
Salutogenesis, resource factors
(Antonovsky), 1449f
SAM. See Self-Assessment Manikin;
System-Action Model
SAMMIE, 712, 720
Sampling frame, sample choice, 862
SARS-CoV-2, eye/face protectors
(importance), 670
SAS. See Space adaptation syndrome
SAS Visual Analytics, 188, 189f
SAT. See Situation awareness-based
Agent Transparency
Satisficing, 163
SATO. See Speed-accuracy tradeoff
Sauro-Lewis curved grading scale (CGS),
usage, 997t, 1003
SAVI. See Situation Awareness Virtual
Instructor
SCADA. See Supervisory control and
data acquisition
Scalable vector graphics (SVGs), usage,
943
Scanned 3D head model, data quality
issues, 287f
Scanning, 117-118
plans, 132
portable 3D scanner, usage, 298-299
three-dimensional body scanning,
258
visual scanning, avoidance, 133
Scarcity (influence principle), 1114
Scattered point cloud, 288, 288f, 289f
Scatter plot, 921f, 922f, 927
chart, usage, 907f
PCA, usage, 929f
perspective projected 3D data, usage,
930f
Scatterplot, examples, 125f
Scenario Authoring, Characterization, and
Debriefing Application (SACADA),
557
Scenarios, 957
analysis, 847-848
development, 40
failure, 993
orthogonal types, defining/testing, 52
scenario-based usability tests, 994
usage, 963-964
Schema Theory, 1113
Scherbius, Arthur, 1108
Scientific Management (Taylor), 359-360
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Scientific simulation results
(visualization), software (usage),
940t

Scientific visualization, 940, 941t

Scissor lift, 638f

Screwdriver handle shape, force exertion
(maximum), 324f

Scripting language, elements, 747t

SCT. See Social Cognitive Theory

SD. See Spatial Disorientation; Systems
dynamics

SDGs. See Sustainable Development
Goals

SDK. See Software development kit

SDSs. See Safety Data Sheets

SDT. See Self-determination theory;
Signal detection theory

SE. See Systems engineering

Search engine optimization (SEO) tools,
1028

Search engines, usage, 1023

Searching, 267-268

guidelines, 268t
keyword searching, defining, 1022

Search space, 119

Seated workplaces, standing workplaces
(contrast), 321-322

Seat effective amplitude transmissibility
(SEAT), 505, 505f

Seats, 370-371

design, ergonomic requirements, 371

ERL seat model, 725f

human seat system model, 724f

seat pressure simulation, custom FEA
model (usage), 725¢f

support, 374f

Secondary task performance measures,
206-208

Secondary task rationale, representation,
207f

Second Industrial Revolution, 1440

Second-order system (acceleration
dynamics), response, 144—145

Security

design, 1399-1400
technical security risks, 1445
user perceptions, 1063—-1064

Security education, training, and
awareness (SETA) programs, 1400

SEEM. See Structured expert evaluation
method

SEEV. See Salience, effort, expectancy,
and value

Segmentation, concept, 1262

SEIPS. See Systems Engineering
Initiative for Patient Safety

Seizure disorders, 1229

SEL. See Sound exposure level

Selection. See Action selection;
Information

bias, 1294
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Selective attention, 116-118
age-related changes, 1258-1259
theories, comparison, 522f

Selective presentation, 1165-1166

Selective processing (information), 171

Selectivity, 120

Self-actualization, need, 1153

Self-Assessment Manikin (SAM), 1157

Self-determination theory (SDT), 1151,

1158, 1167, 1363
Self-disclosure, 1117, 1164-1165
Self-driving cars, human supervisory

control, 739
Self-identity evaluation, social media

platforms (usage), 1146

Self-presentation (affordance), 1146

Self-reporting, usage, 1364

Self-report measures, usage, 1157, 1159,

1160
Self-service technologies, dissatisfaction

(drivers), 976

Self-tracking, 1069

SEM. See Structural equation modeling

Semantic computing, 1091-1092

Semantic memory, age-related changes,

1258

Semiautonomous robots, usage, 1124

Semi-insert (ear canal cap), usage, 470

Semi-skilled work, 14561457

Sensation, 57, 61-63, 519
anatomical/physiological methods,

58-59
classical threshold methods, 59-61
investigation methods, 58—-64
psychophysical methods, 59
techniques, 63—-64

Sensemaking activities, stages, 527

Sense-making, locus, 1405t

Sensing
devices, usage, 661-662
technologies, usage, 1299-1300

Sensitive information, acquisition

techniques, 1113-1114
Sensitivities, hit and false alarm rates

(ROC curves), 62f
Sensitivity bias, 1362—-1364
Sensorial substitution schemes,

implementation, 794

Sensorineural hearing loss, damage, 1226

Sensor performance, heatmap, 897f

Sensory channels, information source,

1130

Sensory feedback, 528

Sensory receiving areas, S8f

Sensory systems, 64—78

Sensory threshold (determination),

alternating ascending/descending

series (usage), 60t

Sentiment analysis, 1158

SEO. See Search engine optimization

Separable stimulus dimensions, 79

SEQ. See Single Ease Question
Sequential multi-tasking, 146—148
Sequential processing, concurrent
processing (contrast), 148
Sequential task analysis, 362
Serial response time (serial RT), 142-145
Serial self-terminating search, 119
Server-based simulation, workstation
simulation (contrast), 717
Service design, 975-976
applications (older adults), 1267-1273
Service science, 974
Service systems, human-centered design,
25
SESAR. See Single European Sky
SETA. See Security education, training,
and awareness
SEU. See Subjective expected utility
SGTR. See Steam generator tube rupture
SGUS. See Smart Glasses User
Satisfaction
Shades, creation, 911
Shadow zones, creation, 488
Shape memory alloys (SMAs), 677
Shape memory materials, usage, 677
Shared emotion (collaboration
element/condition), 1293
Sheet metal (sliding), ball bearings
(usage), 637f
SHEL. See Soft-
ware/hardware/environment/liveware
SHERPA. See Systematic Human Error
Reduction and Prediction Approach
Shifting, age-related changes, 12591260
Shirow, Masamune, 1404
Short-term memory (STM), 521-522
Shoulder
abduction strength, 316f
flexion, fatigue function, 316
muscle fatigue, time (expectation),
3171, 318f
OCRA assessment scores, 342t
pain, 316
postural classification scheme, 339f
SI. See Spin Image; Strain Index
SIC. See Standard Industrial Classification
SIDE. See Social identity model of
deindividuation effects
Signal audibility. See Noise
Signal detection methods, 61-63
Signal detection theory (SDT), 119, 119¢t,
856
Signaling methods, 1312, 1319t
Signal-plus-noise distributions,
equal-variance/normal probability
distributions, 61f
Signals Passed At Danger (SPAD)
incidents, 1354, 1358
Signal-to-noise ratio, influence, 480
Signal word panels, examples, 652f
SII. See Speech intelligibility
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Silent failures, 1394
Similarity, principle, 78, 908
Simon effect, 94
Simon, Herbert, 1385
SIMPLE. See Standard Interface for
Multiple Platform Link Evaluation
Simple search, defining, 1023
Simulation, 716717
architectures, 717
ema application, 727f
interoperability, 717
usage, 1402-1403
usefulness, 1403
Simulation modeling, mathematical
modeling (contrast), 690-691
Simulator data (HRA data source), 557
Simulator Sickness Questionnaire (SSQ),
803
Sinclair, Upton, 574
Single-cell recording, 58-59
Single Ease Question (SEQ), 1003
Single European Sky (SESAR), 738
Single number rating (SNR), 674
Single-sensor, single instrument (SSSI)
displays, replacement, 1463
Single-stage decision, 181f, 183f
Single-task performance, action selection,
92-98
Sinusoidal vibration,
displacement/velocity/acceleration
waveforms, 495f
SIP. See Social information processing
Site maps, usage, 1021
Sitting posture, 370-371
Situated actions, situation edge, 45
Situation awareness (SA), 133-134,
434,723
attention, impact, 438
auditory situation awareness (auditory
SA), hearing loss/protection
(interaction), 476
aviation, 1465, 1468
challenges, 441-442
data-driven processing, goal-driven
processing (alternation), 440
decision-making role, 437
defining, 434-437, 1132
development, optimization, 792
elements, 435, 436t—437t
environment elements, perception, 435
expertise, impact, 440
future, projection, 435
goal-directed task analysis (GDTA),
usage, 445-447, 446f
higher-level SA, usage, 436f
information gap, 445f
Interactive Situation Awareness Trainer
(ISAT), usage, 444
language comprehension, comparison,
134
levels, 435
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life-critical situation awareness
(LCSA), 50
long-term memory, usage, 438—440
maintenance, 1132
measurement, 448-450, 449t
measures, components, 444
model, 438-441, 439f, 1128
pre-attentive processes, 438
requirements, 445447, 446f
SA-oriented design, 446f, 447448,
448t
situation comprehension, 435
situation edge, 45
sources, 437, 438f
support, 444-450
usage, 442-444
Virtual Environment Situation
Awareness Review System
(VESARS), usage, 444-445
working memory, impact, 438
Situation awareness-based Agent
Transparency (SAT), 1128-1129
Situation Awareness Global Assessment
Technique (SAGAT), 450, 450f,
1402
Situation awareness (SA) team
devices, 443
effectiveness, characteristics, 444
mechanisms, 443
member involvement, 443f
processes, 443-444
requirements, 442443
Situation Awareness Virtual Instructor
(SAVI), usage, 445
Situation edges, 45
Situation models, 137
Situations, types, 45f
Size
constancy, role, 122f
judgments, 122-123
Skeletal impairments, causes, 1227-1228
Skill acquisition, neuroergonomics
(application), 831-832
Skill-based behavior, 1020
Skill-based, rule-based, and
knowledge-based (SRK), 721
framework, basis, 524-525
levels, 545
model (Rasmussen), 753, 755f
Skill-based tasks, 1063
Skin conductance, usage/response, 214,
1159
Skin model, 677
S-LCA. See Social-Lifecycle Assessment
Sleep activity fatigue and task
effectiveness (SAFTE) model, 715
Sleep performance modeling (SPM), 715
Slice view, 929, 930f
SLIM. See Success Likelihood Index
Methodology
Slipping, occurrence, 1264

Slips (error type), 992
SLMs. See Sound level meters
Small Multiples concept, 899
Smart assistants, usage, 1115
Smart devices, 1114, 1441
Smart Factory, image, 1443—1444
Smart Glasses User Satisfaction (SGUS)
Questionnaire, usage, 803
Smart homes
networking, 1115f
older adult usage, 1268-1269
Smart networks, 1114-1115
Smartphone acceptance model for older
Chinese people (SAMCOP), 1273
Smartphones, usage, 1038, 1052
Smart Work Injury Management (SWIM)
system, two-stage process, 346-347
SMAs. See Shape memory alloys
SMEQ. See Subjective Mental Effort
Question
Smileyometer, 1298, 1298f
Smith, Adam, 705
SMS. See Safety Management System;
Space motion sickness
SNA. See Social network analysis
Snook tables (psychophysical tables),
633-634
Snowden, Edward, 1111
Snow, John, 896
SNR. See Single number rating;
Speech-to-noise ratio
SNS. See Social network service
SNSs. See Social networking services
SOA. See Stimulus onset asynchrony
Sociability, social affordances, 1149-1150
Social affordances, 1149-1150
Social artificial intelligence layer,
mediation, 1399f
Social awareness (affordance), 1147
Social climate, 1150
Social Cognitive Theory (SCT), 1044,
1154
Social comparison, 1156-1157, 1167
Social connectedness, 1161-1162
Social connection, need, 1153
Social-emotional content, 1149
Social engineering, 1112-1114, 1113f
Social engineers, types, 1113
Social filtering, 1169
Social human factors, 232-233
Social identity model of deindividuation
effects (SIDE) model, 1164
Social influence, 657, 1044, 1154
Social information processing (SIP)
theory, 1161, 1164
Social interaction
behaviors, 1164
understanding, 826828
Social isolation, defining, 1261
Social issues, AUTO tetrahedron edge, 45
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Social-Lifecycle Assessment (S-LCA),
1519-1520
framework, 1520t
Social media
acceptance/usage, reasons, 1150-1157
addiction, 1167-1168
affordances, 1165
civic engagement, 1169-1170
classifications, 1144, 1146
content, 1148-1149, 1158, 1162-1163,
1169
echo chambers, 1169
emotional contagion, 1158
emotional experience, 1157-1159
entertainment content, 1148-1149
external variables, impact, 1154
features, 1146-1150
hacking, 1117
history/definition, 1143—-1144
human factors, 1143
human trust, 1110
impact, 1116-1117
impersonal interaction, hyperpersonal
interaction (contrast), 1164
informational content, 1148
interpersonal interactions, 1164
long-term impacts, 1166-1170
needs/gratifications/motivations, 1151,
1153-1154
platforms, 1145f, 1146, 1164
political polarization, 1169
public opinion climate, 1169-1170
self-disclosure, 1164—1165
self-efficacy/self-regulatory capacity,
1157
services, features, 1144
social-emotional content, 1149
social presence, antecedents, 1161
TAM, application, 1155t
technological affordances, 1146-1148
technology, perception/acceptance,
1154
ties, weakness (serendipity), 1168
types, 1144, 1145t, 1146
usage, 1151, 1152t-1153t, 1153-1154
use, 1157-1159
users, 1157-1166
Social media flow
definitions/measurements, 1159
experience, 1159-1160
impact, 1159-1160
Social network analysis (SNA), usage,
1381
Social networking, 1116-1117
Social networking services (SNSs),
1144, 1156
Social networks
analysis metrics, usage, 1375, 1376f
social affordance, 1150
Social network service (SNS), impact,
1048



1566

Social neuroergonomics, 818-819
Social norms (decision making), 177-178
Social pleasure, 239
Social presence, 1160-1161
Social proof (influence principle), 1114
Social responsibility, 1452
Social robots
children usage, 1292
older adult usage, 1269
Social serendipity, 1168
Social skills/needs, child development,
1289
Social stress, 1167
Social synchrony, 827
Societal maturity, 51
Society of Automotive Engineers (SAE),
540, 716, 720, 728, 743
technical automotive standards,
1341t-1342t
Society, social media (impacts),
1168-1170
Socio-Technical Risk Analysis
(SoTeRiA), 562
Sociotechnical systems, 230-231, 1375
Soft law standards, 1512
Software
development, persona (usage), 962
ergonomics, 1320, 1320t
interaction design, 1040
user interfaces, ergonomic
requirements, 1339, 1339t
Software development kit (SDK), usage,
784-788, 1030
Software/hardware/environment/liveware
(SHEL) system, 861
Software Usability Measurement
Inventory (SUMI), 991, 994
SOIL See Survey of Occupational Injuries
and Illnesses
Sokol suit, 1492f
Solar particle events (SPEs), 1485-1486,
1499
Soles, examples, 680f
Solid State Light Assemblies (SSLA),
1485
Solitude (privacy state), 1110
Somatosensation, 1255-1256
Somatosensory system, 76—77
Sones, 478-479
Sophia (humanoid robot), 730f
SoS. See System of systems
Sound
avoidance, 133
computations, decibels (usage),
461-462
definition, 459—460
dosimeter, usage, 465
exchange/trading rates, 467
exposures, measurement/quantification,
462-468
fields, 474, 474f

intensity level (dB), defining, 460
levels, 460—461
localization, 81-82
loudness/detection, 74-75
measurement/design guidance, 459
metrics, 467-468
microphone (frequency response),
incidence angles (variation), 465f
Occupational Safety and Health
Administration (OSHA) action
level, 461
parameters, 459—460
physical quantification, 460461
power level, defining, 460
propagation, metrics, 474-475
sound-transmission/sound restoration
HPDs, 488
space, total absorption, 475
transmission loss (TL), 475
transmission, mass law, 475
Sound exposure level (SEL), 468
Sound level meters (SLMs), 468
applications, 465
components, 462f
frequency-weighting curves,
superimposition, 463f
microphone considerations, 464—465
types/standardization, 462-464
usage, 460
Sound pressure level (SPL), 460—461,
461f, 467-468, 481
Sound transmission class (STC) value,
475
Source, defining, 647
Source-path-receiver controls, 472
Space adaptation syndrome (SAS), 1489
Spacecraft, pilot interaction, 1493f
Space exploration/habitation, 1480
analog environments, 1499-1500
animal models, 1499
architecture/layout, 1491-1492
bone density, change (rate), 1487f
cardiovascular deconditioning, 1489
communication delays, 1483
crew protective equipment, 1492-1493
crew scheduling/autonomy, 14821483
effects, 1481f
environmental factors, 1483-1486
environments, isolation/confinement,
1490
exercise/mechanical devices, usage,
1497-1498
functional integration/habitability,
1491-1493
human factors, 1491
interim resistive exercise device
(iRED), usage, 1488, 1488f,
1497-1498
musculoskeletal deconditioning,
1487-1488
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musculoskeletal system, weakening,
1488
operations/maintenance, 1492
pharmacology/nutrition, consideration,
1498
physics/physiology/safety/operability,
1491
physiological adaptation/psychosocial
effects, 1486-1491
pilot-vehicle integration, 1493-1496
radiation exploration/protection,
1498-1499
sensorimotor adaptation, 1488-1489
sleep/circadian rhythms, disruption,
1490-1491
vehicle guidance and control (vehicle
G&C), 1493
Spaceflight
acceleration/vibration, 1494—1495
accidents/incidents, 1500, 1501f
artificial gravity, simulation,
1496-1497
astronauts, 1500-1501
countermeasure systems/technologies,
1496-1500
factors, 1481-1483
human performance, 1494-1495
human/vehicle vibration,
data/guidelines, 1496f
length, ranking, 1487f
participants, screening, 1501
perceptual illusions/cognition,
1495-1496
pressurized volume per crew member,
1482f
primary flight/information displays,
1494
rate-of-descent (ROD), 1494
spaceflight-association neuro-ocular
syndrome, 1490
Space Fortress, part-task/whole-task
training (mean score), 105f
Space mission
engineering/constraints/durations, 1482
medical risks, 1496t
Space motion sickness (SMS), 1489
Spacer image, auditory alternative, 1027
Space Shuttle launch/entry suit, 1492f
Space Shuttle Orbiter cockpit,
Multifunction Electronic Display
System (MEDS), 1495f
Space Tech Research Institutes (STRI),
smart habitats focus, 1492
SPAD. See Signals Passed At Danger
SPAR-H. See Standardized Plant Analysis
Risk-Human Reliability Method
Spatial ability, spatial
visualization/orientation factors,
1134
Spatial acuity, age-related changes, 1256
Spatial awareness/navigation, 137
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Spatial cognition, 257
Spatial compatibility effects, 94
Spatial contrast sensitivity function, 70
Spatial disorientation, 76
Spatial Disorientation (SD), 1495-1496
Spatial frequency, sensitivity, 69—70
Spatial memory, 694
age-related changes, 1258
Spatial orientation, 80—82
Spatial visualization factors, 1134
SPDS. See Safety parameter display
system
Speaker-listener neural coupling, 827f
Specialist work, 1457
Spectrum analyzer
applications, 466-467
usage, 465467
Speech
bandwidth, impact, 485-486
communications intelligibility,
improvement (recommendations),
490-491
interfaces, 1130-1131
processing, age-related deficits, 1265
speech-based devices, 1264—1265
Speech intelligibility
analysis, 484-487
considerations, 487489
experimental test methods, 487
Speech-to-noise ratio (SNR), influence,
485
Speed-accuracy tradeoft (SATO) function,
92f, 143-144
Speed-accuracy tradeon, 144
Sperry, Lawrence, 1461
SPEs. See Solar particle events
Spider plot (radar plot), 927, 928f
Spies (social engineers), 1113
Spine
adaptation, 604
biologically assisted models, 329-330
biologically driven personalized hybrid
spine models, 330-332
compression benchmark zones, order
selection tasks (life percentages),
607t
dynamic spinal forces prediction
systems, 334f
finite-element models (FEMs), 330
forces, 608t
functional lumbar spinal unit tolerance
limits, 602—603
loading (evaluation), biologically
(EMQ) assisted model (usage),
606f
loads, estimation, 608t
load/strength requirements, static
strength prediction program, 606f
lordotic/kyphotic postures, 370f
modeling, neuro-fuzzy approach,
333-334

model use, muscle recruitment
(prediction), 333-334
physiological tolerance limits, 604—605
position/posture, end-plate tolerance
(relationship), 603
spine-loading assessment, 605-609
stability-driven models, 332-333
sustained flexion, 636f
Spin Image (SI), 290-291
Spiral of slience effect, 1170
SPL. See Sound pressure level
SPM. See Sleep performance modeling
SQC. See Statistical quality control
S-R. See Stimulus-response
SRK. See Skill-based, rule-based, and
knowledge-based
S-shaped psychophysical function
(obtaining), constant stimuli method
(usage), 60f
SSLA. See Solid State Light Assemblies
SSQ. See Simulator Sickness
Questionnaire
SSSI. See Single-sensor, single instrument
SSVEP. See Steady-state visual evoked
potential
Staircase method, 59-60
Stakeholders
identification, 885, 886, 887
utility functions, 885, 886, 888-889
STAMP. See Systems-Theoretic Accident
Model and Processes;
System-Theoretic Accident Model
and Processes
Stand-alone simulation, integrated
simulation (contrast), 717
Standard deviation
encoding, dot-and-whisker plot
(vertical line usage), 904f
values, 1379t
Standard gamble, usage, 183f
Standard Industrial Classification (SIC),
usage, 577-578
Standard Interface for Multiple Platform
Link Evaluation (SIMPLE), 717
Standardization, efforts/trends, 1340,
1344-1347
Standardized Plant Analysis Risk-Human
Reliability Method (SPAR-H), 544,
547-548, 556, 561
Standardized questionnaires, usage, 976
Standardized User Experience Percentile
Rank Questionnaire
(SUPR-Q/SUPR-Qm), 995
Standards levels, hierarchy, 1308f
Standard threshold shift (STS), 470
Standing-sitting workstation, 369-370,
370f
Standing work, bench heights
(recommendation), 320f
Standing workplaces, seated workplaces
(contrast), 321-322
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State chart, defining, 716
State detection, 1390
State factors, change, 1390
State-mandated occupational safety
and health standards, 1340
Static acuity, 70
Static function, 76
Static outputs, 1364
Static single equivalent muscle
biomechanical models, 328
Static visual acuity, 1254
Stationarity, 1446
Stationary observer, vision interference,
489-499
Stationary system behavior, transition,
1445-1446
Statistical data visualization, 938
Statistical estimation/inference
Bayesian model deviations, 166
human abilities/limitations, 166—168
Statistical quality control (SQC), 856
Statistical quantities (estimation), human
ability (findings), 167t
Statistician, usability role, 985
Statistics, Bayesian approach, 164
STC. See Sound transmission class
Steady-state visual evoked potential
(SSVEP), 829
Steam generator tube rupture (SGTR),
558-559
Stimulus onset asynchrony (SOA), 99
Stimulus-response (S-R)
advance information, 97-98
compatibility, 94-95, 97
dimensional overlap, 95
events, sequential effects, 142
population stereotypes, 96
preparation, 97-98
response-effect compatibility, 96
sequential effects, 96-97
set, size (increase), 93
spatial compatibility, 94
uncertainty, 92
Stimulus sets, configurations, 94f
STM. See Short-term memory
Stochastic processes, deterministic
simulation (contrast), 717
STOM. See Strategic task overload
management
Storytelling, usage, 898-899, 937-938
Stotopic vision, 65
STOW. See Synthetic Theater of War
Straight push/pull exertions, conservative
risk limits, 617t
Strain Index (SI), usage, 342-343
Strategic risk issues, 1356t
Strategic task overload management
(STOM), 148, 1133, 1395
Strategy on Reducing Regulatory and
Administrative Burdens Relating to
the Use of Health IT and EHRs
(ONC/CMS), 1426
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Stratified random sampling, 862
Strength-endurance, temporal
relationship, 308
Stress, 657
reduction, biomechanical principles
(application), 313-326
stress-strain model, 706f
technostress, 343, 344f
Stressors, 230
psychosocial work stressors, effect
(pooled odds ratios), 315t
STRI. See Space Tech Research Institutes
Strip bay, usage, 1470
Strip chart, usage, 918
Strong Al, intention, 1442
Structural analysis, 364-365
Structural disruption (pain pathway), 312
Structural equation modeling (SEM),
usage, 726
Structural mathematical models, 692
Structured expert evaluation method
(SEEM), 1294
Structured Usability Problem Extraction
(SUPEX), 992
STS. See Standard threshold shift
Stylus-based devices, 1264
Subjective expected utility (SEU) theory,
164, 882
axioms, 162t
prospect theory, contrast, 174
Subjective Mental Effort Question
(SMEQ), 1003
Subjective mental workload (MWL)
measurement techniques, 209t
advantages/disadvantages, 211
usage/applications, 210
Subjective probabilities, preference, 168
Subjective workload
curve, 208f
metrics, validity/reliability, 209-210
Subjective workload assessment
technique (SWAT), 204, 216, 243
Subtractive method, 692
Success Likelihood Index Methodology
(SLIM), 547, 556, 561
SUML. See Software Usability
Measurement Inventory
SUMS. See System Usability MetricS
SUPERMAN system, 747
Supervisory control, 1386. See also
Humans
defining, 736-737
direct manual control/full automation,
relationship, 737f
examples, 739-740
history, 737-738
modeling, 753-755
multi-loop model, 754f
parameters, change (options), 749f
requirement, 1387
telepresence/virtual reality, 751
usage, 739t

Supervisory control and data acquisition
(SCADA), 739
SUPEX. See Structured Usability
Problem Extraction
Supplement, social media (impact), 1168
Supply chains
HFE, usage, 1520-1523
sustainability, HFE role, 1521
SUPR-Q/SUPR-Qm. See Standardized
User Experience Percentile Rank
Questionnaire
Surface constraints, 957
Surveillance, 1111
Survey of Occupational Injuries and
Illnesses (SOII) (BLS), 577, 578
Surveys
audit tool, 862-870
provider survey, 873t
usage, 1018-1019
user-based method, 976
user survey, 873t
Survivability (HSI domain), 26-27
SUS. See System Usability Scale
Suspension seats, usage, 505
Sustainability. See Design for
Sustainability
challenges, 1520-1521
definition, 1512-1513
energy issues, 1515-1516
food issues, 1515
global challenges, 1513-1517
empirical work (Moray), 1516t
global issues, HFE contributions, 1515
health/medicine contributions, 1517
human factors and ergonomics (HFE),
1512, 1513-1517
ethics/values, 1515
role, 1521-1522
impact, 31, 232
pollution/waste, 1517
urbanization issues, 1516
violence/terrorism, impact, 1516-1517
water issues, 1515
Sustainable Development Goals (SDGs),
1513
Sustainable development goals (SDGs)
(UN), 33
Sustainable product design, HFE
(impact), 1517-1520
Sustainable work systems, 1513-1514
Sustained attention, age-related changes,
1258
SVGs. See Scalable vector graphics
SVSs. See Synthetic vision systems
Swarms, 1125, 1126, 1129
SWAT. See Subjective workload
assessment technique
“Swiss cheese” metaphor, 849
Switch delay, cognitive strategy
(adoption), 147
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Symbolic models, mathematical models
(integration), 693—697
Symbols
comprehension, importance, 654
cross-cultural usage, 263-264
Symvatology, 21-23
Synchronicity, defining, 1147-1148, 1394
Synchronous remote usability testing,
time constraints, 984
Synthetic ergonomics, 819
Synthetic Theater of War (STOW), 720
Synthetic vision systems (SVSs), usage,
1475
System, 42-43
dynamics, order (correspondence),
145
entropy, determination, 22f
function recursive definition, 43—44
human monitoring, 1402
parameters (temporal constancy)
description, stationarity (usage),
1446
performance, metrics, 49
recursive definition, 44f
representation, cognitive-physical
structure-function approach,
43f
requirements, 960
safety, human contribution, 516-518
sampling process, 858-859
system of systems, 43f, 44f, 228
System-Action Model (SAM), 562
Systematic Human Error Reduction and
Prediction Approach (SHERPA),
30-531, 721
Systemic flexibility, design, 50
System interaction models, 46, 47t, 48
System of systems (SoS), 705-706
Systems
analysis, 737, 1425
architecture, A> complementarity,
1391-1392
ergonomics, components, 707
function allocation, 41
neuroergonmics, 818
safety techniques, 848, 1473
Systems analysis of integrated networks
of tasks (SAINT) modeling
methodology, 693
Systems dynamics (SD) simulation, 717
Systems engineering (SE), 706
holistic approach, 42
MSHS, location, 718
Systems Engineering Initiative for Patient
Safety (SEIPS) models, 1423
Systems of systems, 1365
Systems-Theoretic Accident Model and
Processes (STAMP), 1473
System-Theoretic Accident Model and
Processes (STAMP), 562
System Usability MetricS (SUMS), 999
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System Usability Scale (SUS), 261, 803,
988, 991, 995-999
adjective rating scale, 996
correspondence, 1000-1001
CSUQ correspondence, 1001t
distortion, possibility, 998
flexibility, 998
interpretation, Sauro-Lewis curved
grading scale (usage), 997t
item benchmarks, 997-998
item content, 995
nine-item versions, 998-999
norms, 996-997
psychometric evaluation, 995-996
studies/findings, 996
translations, 999
UMUX-LITE correspondence, 1002
usability system, quantitative measure,
1426
usage, 1028

T
TA. See Task analysis; Think-aloud
Tableau interface example, 937f
TACO. See Timing Assessment
Computerized Strategy
Tactical Communications and Protective
Systems (TCAPS), 471, 488-489
Tactical Data Link (TDL), 717
TAM. See Technology Acceptance Model
Tandem failure, 1401-1402
Tangibilization process
continuation, 42
steps, 41f
Tangibles, child usage, 1291-1292
TAP. See Technology Access Program
Targeted relationship media, 1144
Targeted user groups, 1017
Target familiarity, 119
Target/icon locations, distance distortions,
121
Target, probability, 120
Task analysis (TA), 40, 358, 868, 975
approaches, 361-362
AUT triangle explanation, 45
bottom-up task analysis, 364
changes, 363-365
hierarchical task analysis, structure,
363f
planning, 358-359
production, expectation, 361
requirement, reasons, 359-361
role, 366
sequential task analysis, 362
top-down task analysis, 364-365
Task-critical information, 121
Task-interactive computer (TIC), 740,
755,756
Task-interactive system (TIS), 740
Task/operator/machine/environment
(TOME) system, 861

Tasks

benefit-cost ratio, assessment, 826

classification, 1063

codes, explanation (example), 530t

cognitive-based tasks, assessment,
766-769

completion, conditions, 359

demands, 23, 148, 369

design (task-level variable), 399

disengagement, mind wandering/effort
withdrawal (relationship), 826

driving, task, 100-101

engagement, 823-824

focus, 1395

functional analysis, 365f

goals, influence, 95

improvements, examples, 636641

information, splitting, 133

interdependence, 399, 401t

interest, 147

management, 147-148

multitask performance, mathematical
modeling, 692-693

over-engagement, 825

performance, 176, 691-692

primary task performance measures,
206

priority, 147

profiles, 1456-1457, 1456t

resource, 148—-149

salience, 147

scenarios, 990

secondary task performance measures,
206-208

secondary task rationale,
representation, 207f

silent completion, comparison, 982

similarity, 148, 399-400

support, 535

switching, 98-99

task-network models, 693

task order planning algorithm, dynamic
programming (usage), 744f

task-specific models, mathematical
modeling, 691

task-switching alternation, 147

tracking performance, vibration
(impact), 501

variables, effects, 500-501

variation, 44

voluntary task switching, 147-148

Taste pore, 77
Taxonomy of Unsafe Operations (TOS)

model, development, 531

Taylor, Frederick W., 23, 359-360, 385
TBL. See Triple bottom line
TCAPS. See Tactical Communications

and Protective Systems

TCIR. See Total Case Incident Rate
TD. See Temporal Demand
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tDCS. See Transcranial direct current
stimulation
TDD. See Telecommunication devices
for the deaf
TDL. See Tactical Data Link
Team design, 383, 384
approaches, preferences/tolerances,
398t
biases, 407
changes/follow-up evaluation, 397
data sources, selection, 407
effectiveness, characteristics, 393f, 444
evaluation, dexample, 409
implementation, 397-406
long-term effects, 407
measurement/evaluation, 406409
measurement, questionnaires (usage),
406-407
problems, diagnosis, 397, 407
task force/philosophy statement,
development, 397
team member selection, 402404
Teams
analysis, 419
human-A3 teams, 1387—1388
interdependent relations, development,
405
jobs, design, 404—405
process, development, 405406
redesign, 406407
reliance, increase, 417
situation awareness (SA), 442444,
443f
Team Strategies and Tools to Enhance
Performance and Patient Safety
(TeamSTEPPS™), 1423
Teamwork, 528
KSA requirements, 404t
KSA test, items (example), 404t
Technical capabilities, increase, 1403
Technical information, appreciation, 655
Technical security risks, 1445
Technique for Human Error Rate
Prediction (THERP), 543-550, 555,
558
dependence model, 545f
event tree, 544f
process, 543f
Technique for the Retrospective and
predictive Analysis of Cognitive
Errors (TRACEr), 529, 529t
Technology
affordances, 1146—-1148
capacity/quality (external variable),
1154
diffusion, 1047
elements, taxonomy, 7t
ergonomics, 18t, 21f
failure, 976
human-system interface technology, 25
maturity, 51
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Technology (continued)
mobile wireless technology (MWT),
1052
opportunities/challenges, 537-539
requirements/limitations (AUT triangle
explanation), 45
self-service technologies,
dissatisfaction (drivers), 976
trust, factors, 1398f
use, ethical issues, 1452-1453
Technology Acceptance Model (TAM),
974, 1002, 1042-1043, 1046
application, 1155t
perception, 1151
usage, 1154, 1272-1273
Technology Access Program (TAP), 1246
Technology Emergence Indicator (TEI),
765
Technology Immersion, 1290
Technology Investment Advisor (Rouse),
883
Technology-organization-environment
(TOE) theory/contexts, 1045-1046
Technology Organizations People (TOP)
model, 40-41, 40f, 52
AUTOS pyramid, contrast, 44-46
Technology readiness levels (TRLs), 51
Technostress, 343, 344f
TEI See Technology Emergence Indicator
Telecommunication devices for the deaf
(TDD), 1227
Telematics/route guidance, levels
(implementation), 1378
Teleoperation, 1122-1123
Telepresence, 751, 751f
Teletypewriters (TTYs), 1227
TEM. See Threat Error Management
Temporal Demand (TD) (NASA-TLX
subscale), 209, 698
Temporal nesting, 741f
Temporal networks, 1381-1382
Tendon, capacity/strain, 310
Termination Activity, 1095
Test, generic function/outcome/error
analysis, 855t
Test of Intention, 574
Text
graphics/images, contrast, 1025
inputting, 1291
processing, 134-137
text-based content analysis, 776f
Ul element, 1267
unification processes, 135-136
Text neck syndrome, 346f
Textual information, legibility principles,
1393-1394
Theoretical ergonomics (symvatology),
21-23
Theory-driven modeling, data-driven
modeling (contrast), 689-690, 689t
Theory of Mind (ToM), 1129-1130

Theory of Planned Behavior (TPB), 1043,
1154
Theory of Reasoned Action (TRA), 1043,
1154
Theory X, 229
Theory Y, 229
Therbligs (physical tasks), 361-363
Thermal condition, thermal
environment/protective clothing
(influence), 675-678
Thermal environment, ergonomics, 1321
ISO standards, 1322t
Thermal Micrometeroid Garment (TMG),
usage, 774
Thermal sensations, 76
Thermoplastic elastomer (TPE), usage,
673
Thermoreceptors, 76
THERP. See Technique for Human Error
Rate Prediction
Think-aloud (TA) tests, usage, 978,
982-984, 1295-1296
Threat Error Management (TEM), 867
Three-dimensional (3D) anthropometry,
283
application, 294f
data, 287-288, 292-293, 297-298
dynamic application, 293
measurement procedure, 285-286
product designs, 294-299
product-oriented application, 294
static application, 292-293
target population, 294
trends, 297-299
Three-dimensional (3D) avatars, usage,
1146
Three-dimensional (3D) body scanning,
258
Three-dimensional (3D) data acquisition,
errors/countermeasures, 286
Three-dimensional (3D) data
visualization, WebGL powered
libraries (usage), 942t
Three-dimensional (3D) displays,
ambiguity, 123f
Three-dimensional (3D) human landmark
automatic identification, geometric
characteristic basis, 291f
Three-dimensional (3D) motion
(quantification), multi-joint IMU
system (usage), 636f
Three-dimensional (3D) printer, function,
1444
Three-dimensional (3D) scanned hand
model, usage, 295f
Three-dimensional (3D) space,
distance/size judgments, 122-124
Three-dimensional (3D) static strength
prediction program (3DSSPP), 609,
613, 636, 769
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Three-dimensional (3D) visualization,
940-941
Three-layer assessment model, 49
Threshold limit values (TLVs), 335,
613-614, 1340
Threshold scale, usage, 914f
TIC. See Task-interactive computer
Time
cognition, 257
constants, usage, 467
desynchronization, 746
information, minimization, 133
time-delayed remote operations,
predictor display, 750f
time-related HRA models, 545
time-related PSFs, 561-562
time-series data, usage, 921
Time-reliability correlations (TRCs), 545
Time-weighted average (TWA), 461, 467
Timing Assessment Computerized
Strategy (TACO), 341-342
Tinnitus, 477
Tints, creation, 911
TIS. See Task-interactive system
Tissue loading, factors, 309-310
Tissue stimulation (pain pathway), 312,
601-602
TL. See Sound
TLVs. See Threshold limit values
TMA. See Traffic Management Advisor
TMG. See Thermal Micrometeroid
Garment
TMS. See Transcranial magnetic
stimulation
To-be-remembered items, similarity
(minimization), 1233
To-do list, 858, 1207f
TOE. See
Technology-organization-environment
Toe caps, usage, 680
TOEs. See Training objective elements
Tolerance
facet joint tolerance, 604
functional lumbar spinal unit tolerance
limits, 602-603
ligament tolerance limits, 603—-604
physiological tolerance limits, 604—605
threshold, psychophysical limits, 604
TOME. See
Task/operator/machine/environment
Tones, creation, 911
Top-down requirements analysis (HSI
step), 27
Top-down task analysis, 364-365
TOP model. See Technology
Organizations People model
Torsion, impact, 604
Total Case Incident Rate (TCIR), 579
Total Worker Health (TWH), 574, 586
Touch gestures, older adults (difficulties),
1263t
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Touchscreens, usage, 1291
TPB. See Theory of Planned Behavior
TPE. See Thermoplastic elastomer
TRA. See Theory of Reasoned Action
Trace plots, 1358, 1360
TRACE:T. See Technique for the
Retrospective and predictive
Analysis of Cognitive Errors
Trace Research and Development Center,
1246
Trackballs, usage, 1262-1263
Tracking loop, 144f
Tractable systems, 363t
Traffic Management Advisor (TMA),
usage, 1471
Training
AUT triangle explanation, 45
costs, 426
decision-making/coaching job aids, 427
defining, 414-420
delivery, 414, 421
design, 414, 416f
effectiveness, 415, 417, 4171, 418f
evaluation, 424, 424t
facilitation, 426
facilitator/instructor, usage, 421
feedback, 423
goal, 415
impact, 1391
implementation, 423
information job aid, 427
instructional strategies, 420, 422t-423t
job aids, 427428
job/task analysis, 419-420
learning outcomes, 416f
manuals, design, 1391
multilevel evaluation framework
(Sitzmann/Weinhardt), 425f
needs analysis, 419
neuroergonomics, application, 831-832
objectives, 420, 421t
organizational analysis, 419
performance measures, usage, 424-425
person analysis, 420
post-training climate, 426427
practice scenarios, 421, 423
preparation, 419-420
procedural job aid, 427
process, 421-423
science, 415419
self-regulatory processes, 416f
systems, 414
tools, 424-426
transfer, 416f, 418f
working memory, relationship, 132
Training objective elements (TOEs), 557
Traits, factors/stability, 1390
Transcranial direct current stimulation
(tDCS), 822, 832
Transcranial magnetic stimulation (TMS),
822, 832

Transformations, 114
Transition stages, HFE (impact), 1522
Translators, usage, 261
Transmission lag, 144
Transparency, 1128-1129
“at-a-glance” transparency module,
1129f
designs, SAT basis, 1128f
display, XAl (usage), 1100
Transparent human-swarm interfaces,
1129f
Transparent workload-adaptive multirobot
management interface, 1129f
Traveling Salesman Problem (TSP), 1094
Traveling wave, 75
TRCs. See Time-reliability correlations
Tree-map plot, usage, 910f
Tributary network, 1378
Trichromatic vision, 70
Triple Aim, implementation (analysis),
1420
Triple bottom line (TBL)
approach, 1513
objectives, HFE concepts/interventions,
1514f
TRLs. See Technology readiness levels
Troubleshooting, cognitive activity, 140
Trunk anatomy, CT-based measurement
(usage), 331-332
Trunk kinematics, LMM (usage), 611f
Trust, 1107
building, 1397-1399
categories, 1109-1110
concept, impact, 1108-1109
decisions, consequences, 1108-1109
factors, influence, 1397f, 1398f
formation, 1398f
HRI trust, 1133-1134
Trustworthiness, calibration model, 753f
TSP. See Traveling Salesman Problem
TTYs. See Teletypewriters
Tufte, Edward (data visualization
principle), 916-918
Tunneling effects, susceptibility, 1132
Turing, Alan, 1108
Turning push/pull exertions, conservative
risk limits, 617t
TWA. See Time-weighted average
TWH. See Total Worker Health
Two-dimensional (2D) data, visualization,
920-926
Two-dimensional (2D) images, 121
Two-dimensional (2D) point plot, usage,
921
Two-dimensional (2D) position/extent,
judgments, 121-122
Two-dimensional (2D) static strength
prediction model, 330f
Two-handed lifting guidelines, 616t
Two-handed manual lifting, guidelines,
615-616
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U
UAAG. See User Agent Accessibility
Guidelines
UAEF. See User Action Framework
UAV. See Unmanned aeronautical vehicle
Ubiquitous computing (UC), 1051-1052
UCD. See User-centered design
UCLA Loneliness Scale, 1161
UCSD. See User-centered systems design
UDI. See R.L. Mace Universal Design
Institute
UEQ. See User Experience Questionnaire
UGT. See Uses and gratification theory
UL See User interface
UME. See Usability Magnitude
Estimation
UMUX. See Usability Metric for User
Experience
Uncanny valley effect, 1132
Uncertainty, 1452
interval, 60
Uncertainty avoidance (UA), 253, 268,
1129
Uncertainty Avoidance Index (UAI), 254
Uncertainty visualization, 932-934, 933f
Unfocused interaction, 1164
Unidimensional assessment, usage, 208
Unified Modeling Language (UML),
usage, 716
Unified Theory of Acceptance and Use
of Technology (UTAUT),
1044-1045, 1154, 1273
Uniform resource locator (URL)
design, 1018, 1024
links, presentation, 1016
usage, 1117
United Nations (UN), sustainable
development goals (SDGs), 33t
United States Orbital Segment (USOS),
Solid State Light Assemblies
(SSLA), 1485
Unitization hypothesis, 83f, 84
Universal Access, context (user interface
adaptations), 1192
Universal Design, 1190-1191,
1218-1220, 1243t
Universal Design Education Online, 1246
Universal Digital Operational Flight
Trainer (UDOFT), production, 720
Universally Accessible AMI
environments, 1068
Universal Scene Description (USDZ), 788
Universal Usability, 1218-1219
Unmanned aeronautical vehicle (UAV),
738,753, 1130, 1135, 1444, 1464
airspace system operation, 1474
aviation issue, 1473-1474
control issues, 1473
interface issues, 1474
Unsafe act (UA), 557
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Upgrading stage, HFE (impact), 1522
Upper extremity
biomechanical model, usage, 340f
checklist, 866, 866t
cumulative trauma disorders, risk
factors, 322-323
kinetic model, 340
models, 335
Urban data, usage, 1367, 1370-1373
Urban Systems Abstraction Hierarchy
(USAH), 1365-1366
abstraction levels, description, 1365f
action, 1367-1373
approach (local differences), 1372f
descriptive summary, 1371t
node functionality, 1370
population, 1373
simplification, 1366f
upper levels, 1368t—1369t
usage, 1366—-1367
URET. See User Request Evaluation Tool
URL. See Uniform resource locator
Usability
briefer, role, 985
data recorder, 985
defining, 972-973
design, 972, 974-976, 1005-1006
features, 696
heuristics, 1427t
initiative (NIST), 1426
iterative design, 974-975
laboratories, 984-985
levels, assessment, 709f
measurement test types, 980-982
MUSIC definition, 973
problem discovery test, 980
problems, 991-993
product expert, role, 985
questionnaires, 1004—1005, 1005t
scenario-based usability studies, 989
service design, 975-976
statistician, role, 985
studies, mathematical models
(applications), 700-701
test administrator, role, 985
testers, roles (categorization), 985
universal constructs, questioning, 262
Usability evaluation, 972, 976-1005, 1041
Usability Magnitude Estimation (UME),
1003
Usability Metric for User Experience
(UMUX) (UMUX-LITE), 803, 996,
1001-1003, 1002t, 1028
Usability testing, 976-984, 1426
Usability Testing Essentials (Barnum),
1005
Usability tests
design recommendations, problem
descriptions (usage), 992
iterations, determination, 991
participants, 986—989

pilot testing, 991
planning, 985-991
procedures, 990-991
purpose, 986
quantitative measurements, usage, 993
results, reporting, 991-993
scenario-based usability tests, 994
task scenarios, 990
variations, 982-984
Usability/usefulness, situation edge, 45
USAH. See Urban Systems Abstraction
Hierarchy
USB option, building, 1239f
USDZ. See Universal Scene Description
Use cases, usage, 964
Use description, context, 962—-963
Use factors, context, 1061t
Useful work, 4
User
actios process, categories (taxonomy),
1093
agents, usage, 1024
awareness, 1061
behavior, change, 1118
characteristics/needs (external
variable), 1154
end user programmability, 1070
expression/interaction, energization,
1151, 1153
identification, 44
IDs, types, 1112
insights, collection/analysis, 960
intervention, impact, 1094
research, 961-962, 1466
socialization goals, 1164-1165
social presence, impacts, 1160-1161
support, 1039
survey, 873t
user-generated content, 1148
User Action Framework (UAF), 992
User Agent Accessibility Guidelines
(UAAG), 1225
User-centered design (UCD), 789-792,
975
activities, 1060f, 1088f
defining, 1059
health technology usage, 1426
iterative design activities, 1060
methodology, older adults
(involvement), 1261-1262
methods, 978
principles, 782
User Centered System Design
(Norman/Draper), 975
User-Centered System Design
(Norman/Draper), 1219
User-centered systems design (UCSD), 40
User experience (UX)
Aml environments, 1066—1072
components. See Components of user
experience.
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cultural probes, 969
defining, 973-974
ethnography, usage, 969
evaluation, 972, 976-1005
iterative design, 974
neuroergonomics, application, 832
questionnaires, 993-994, 1003-1005,
1005t
service design, 975-976
User Experience Design
(Allanwood/Beare), 1005
User experience (UX) design, 948,
949, 972
activities, guidance/inspiration,
964-965
baseline/quality assurance, 962
evaluations/quality assurance baseline,
965
fundamentals, 974-976
guidance/inspiration, 962
information, obtaining, 1005-1006
Opportunity Areas, 964-965
principles, 965
process, 957-958
thinking, 975
usage, 1096-1097
User Experience Questionnaire (UEQ),
1004
User interactions
interviews/surveys/questionnaires,
usage, 1018-1019
paradigms/technologies, 262-271
User interface (Ul), 941
adaptation design, 1192-1194
adaptive user interface prototyping,
1196, 1199
components, styles (application), 1201
design, 252-256, 262, 948-951, 1018,
1022-1028, 1060
elements, 1265-1267
elements, scaling, 1201
personalized interaction, ADAS
(usage), 1202-1203
User Request Evaluation Tool (URET),
1470
User requirements, 960, 1063—1064
analysis/documentation, 961-965
collection, 965-969
contextual inquiry, 967
creativity levels, 969t
document, usage, 965
focus groups, usage, 967-968
hierarchical task analysis (HTA), 966
interviews, usage, 966-967
participatory design (PD) workshops,
usage, 968
specification, 1060, 1088
Uses and gratification theory (UGT), 1167
U.S. government human
factors/ergonomics standards, 1338t
U.S. government standards (HFE), 1336
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USOS. See United States Orbital Segment
US Rehabilitation Act, 1192
UTAUT. See Unified Theory of
Acceptance and Use of Technology
Utility function
assessment, 183
determination, 885, 886, 889-890
elicitation, variable probability method
(usage), 183f
example, 889f
parameters, assessment, 885, 886
UX. See User experience
UXAmlI Observer, 1066

\Y%
Validity, defining/types, 860-861
Value
function, 524f
functional value, 952, 953-955
global allocation, inequality, 1521
trees, 182, 182f
visual attention factor, 117
Values
data values, 130
overestimation, 121
Value Sensitive Design (VSD), 1401
Value Survey Module (VSM), usage, 253
VAMR. See Virtual, augmented, and
mixed reality
Variable probability method, usage, 183f
Variables inspection, 856
Variable specifications, principles, 698
Variance analysis, usage, 408
Vascular disorders, hand-arm vibration
(impact), 507-508
VDTs. See Visual display terminals
VDV. See Vibration dose value
Vector field visualization, 931
Velocity dynamics (first-order system),
response, 144
Verbal language, interpreter/translator
usage, 261
Vergence angle (eyes), 65
Verne, Jules, 718
Vertebrae tolerance, 311-312
Vertebrate retina, neural
structures/interconnections, 66f
Vertical factor (VF), variation, 327f
Vertical zone, graphic representation, 613f
VESARS. See Virtual Environment
Situation Awareness Review System
Vestibular eye movements, 76
Vestibular system, 75-76
Vestibulo-ocular reflex, 499
VE. See Vertical factor
VHCD. See Virtual HCD
Vibrating observer, vision interference,
499
Vibration, 494. See also Hand-arm
vibration; Whole-body vibration

anti-vibration gloves, usage
(requirement), 509
axes, usage, 496f
defining, 460
DHM CASIMIR vibration model, 726f
direction, 495-496
duration, 496
effect, model, 501f
EU Physical Agents Directive, 502,
504, 511
evaluation, 502
frequency, 495
human body responses, biomechanical
models, 504-505
human exposures, instrumentation, 496
injuries, tools/processes (association),
508t
magnitude, 495
measurement, 495-496
perception, age-related changes, 1256
severity, evaluation (International
Standard 2631-1), 502
sinusoidal vibration, displace-
ment/velocity/acceleration
waveforms, 495f
syndrome, 507
variables, effects, 501
Vibration dose value (VDV), 502, 504t
Vibration-induced white finger (VWF),
507-508, 508t
Vibrotaction, 77
Video-based biomechanical models, 611
Videogames, multitasking (relationship),
106
Vigilance, 527
Violin plot, 918-919, 920f
Virtual assistants, 1126f
Virtual, augmented, and mixed reality
(VAMR), 1122, 1124, 11241, 1130
Virtual environment, 123
haptic glove/gesture control, usage,
1131f
Virtual Environment Situation Awareness
Review System (VESARS),
444-445
Virtual HCD (VHCD), 42, 50-51
Virtual interfaces, 1131
Virtuality continuum, 783f, 789f
Virtual Physiological Human (VPH)
initiative, 715
Virtual prototyping
capabilities/limitations, 769f
Virtual Reality (VR), 751, 783, 1443
benefit, 790-791
design principles, 791
systems, 785-786, 786f
technology, 785-786
VR-based simulation training,
effectiveness, 1135
Virtual reality/augmented reality
(VR/AR), combination, 1065
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Virtual Solder (Research) project, 767,
769, 772
Vision, 64-72
activities, interference, 498—-500
color vision/specification, 70-72
color vision, universality, 265
decline, 1254-1255
enhanced flight vision systems
(EFVSs), usage, 1475
scotopic vision, 65
synthetic vision systems (SVSs), usage,
1475
trichromatic vision, 70
Visual accommodation, age-related
changes, 1255
Visual acuity, 69-70
Visual analytics, 188, 1092-1093
Visual attention, factors, 116-117
Visual displays, 1130, 1312
Visual display terminals (VDTs), 1312,
1338
Visual feedback, 102-103
Visual impairments, 1226
Visual intelligence, impact, 1444
Visualization. See Data visualization
ball-stick visualizations, 933f
geovisualization, 925-926
medical visualization, 940
medical volume visualization, software
(usage), 942t
molecule visualization, 932, 933f,
942t
network visualization, 931-932
non-traditional disciplines,
visualization, 943-944
persuasiveness, increase, 130
scientific visualization, 940, 941t
software, usage, 942t
spatial visualization/orientation factors,
1134
three-dimensional (3D) visualization,
940-941
uncertainty visualization, 932-933
usage, 898
vector field visualization, 931
volume visualization, 9029
wind velocity field, 931f, 932f
Visual media, narrative/storytelling
(usage), 898
Visual metaphors, finding, 903
Visual output, 1231-1232
Visual pathways, 67-68
Visual perception, 68-72, 80-81
Visual predictive analytics, 1092-1094
Visual processes, 901
Visual representation, 953-957
Visual scanning, avoidance, 133
Visual search
models, 119
usage, 855
Visual selective attention, 116-117
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Visual system, 64—68, 68f
enhancement, 1475
V-Model, 706
Voice
gesture, interaction, 265-266
interaction, 266
technology system, 1264—1265
Volatility, uncertainty, complexity,
ambiguity (VUCA), 1445, 1445t,
1449
Volume visualization, 929
direct volume rendering, 930-931, 931f
isosurface rendering, 929, 930f
slice view, 929, 930f
Voluntary task switching, 147-148
von Helmholtz, Hermann, 75
VPH. See Virtual Physiological Human
VR. See Virtual Reality
VSD. See Value Sensitive Design
VSM. See Value Survey Module
VUCA. See Volatility, uncertainty,
complexity, ambiguity
VWE. See Vibration-induced white finger

w
W3C Web Application Security Working
Group, 1027-1028
W3C Web Security Context Working
Group, user interface guidelines,
1027-1028
WAFOS. See Workload, anxiety, fatigue,
and other stressors
WAL See Web Accessibility Initiative
Warnings, 644, 645-646
application, design, 658-661
auditory warnings, 651, 655-656
background, 645
beliefs/attitudes, 656
briefness/completeness, 658—-659
color, usage, 650
compliance, cost, 656—-657
components, checklist, 658
criteria, 645
design, 652, 658, 659t, 660
dynamic warnings, 661
environmental stimuli, 651
explicitness, 654
exposure, habituation, 655
external/environmental factors, 657
flat-screen displays, usage, 661
formatting, 651
individual tailoring, 662
message content, 653
pictorial symbols, usage, 650, 652
placement, 651
positioning, prioritization, 659-660
presentation, 661-662
principles, 658-661
print, legibility, 651
purpose, 645

receiver knowledge, 660
reminders, role, 655
signal word panels, examples, 652f
systems, 649
testing, 660-661
timing/content, 645-646
Waypoint operation, 1125
WCAG. See Web Content Accessibility
Guidelines
WCED. See World Commission on
Economic Development
WDQ. See Work Design Questionnaire
Weak Al intention, 1442
Wearable Coach™, cost/benefit analysis,
887, 888t
Wearable computing, development, 284
Wearable devices, 1051, 1069
Wearable robotics, usage, 619-621
Web Accessibility Initiative (WAI), 1246
Web Accessibility in Mind (WebAIM),
1246
Web Content Accessibility Guidelines
(WCAG), 1027, 1031, 1191-1192,
1225
Web design, 266268, 268t
WebGL powered libraries, usage, 942t
Website
accessibility, 1026, 1030-1031
animation, 1025
automated accessibility checker,
example, 1031f
back button/history, usage, 1022
browsers, usage, 1024
browsing, 1022-1023
characteristics, comparison, 267
cognitive walkthrough, 1029-1030
components, 1018
content, 1018-1022, 1027
cross-cultural designs, 1026
design, 1029, 1029t
design/evaluation, 1016, 1019
disability accessibility, 1026-1027
elements (accessibility check),
manual/automated tools (usage),
1032t
error messages, 1024, 1024f
global site design, 1023-1024
goals, 1016-1017
heuristic evaluation, 1029
home page, 1025
human trust, 1109-1110
index, 1022
information, 1018—-1025
labels/tags, usage, 1020-1021
landing page, 1025
linear information structures, usage,
1021
links, importance, 1025
navigation, 1021-1022
older adult usage, 1026
organizational schemes, 1020
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organizational structure, 1021
orphan pages, avoidance, 1022
outlines, 1022
page, design/layout, 1025
pop-up windows, 1024
pull-down menus, usage, 1022
representative tasks, sample, 1030
representative users, sample (data
coding/analysis), 1030
scrolling/paging, 1024
search, 1023
searching, 1022-1023
secondary windows, 1024
simple search, advanced search
(contrast), 1022
site maps, 1021
static links, list, 1022
table of contents layout, 1022
text, graphics/images (contrast), 1025
universal access, design, 1026
usability, 1028-1032
user agents, 1024
web server log files, usage, 1019
Website users
diary, usage, 1019
ethnographic studies, 1019
interactions,
interviews/surveys/questionnaires
(usage), 1018-1019
naturalistic observation, 1019
Weighted additive (WADD)
relative accuracy/effort, trade-off, 175
strategy, requirements, 193
Weighted aggregation (MWL aggregation
strategy), 216
Welding shield, augmented system
module (inclusion), 671f
Well-being
clinician well-being, HFE systems
approach, 1430-1431
mental well-being, age-related changes,
1261
quality of life, relationship, 1069-1070
social media, impacts, 1166—1168
Western reasoning styles, 256t
Westin, Alan, 1110
“What if?” scenarios/analyses, 883, 887
What You See Is What You Get
(WYSIWYG), 948, 1196, 1199
Where’s Waldo (Handford), 901
Whiting, S.E., 845
Whole-body vibration, 496-505
acceleration frequency weightings,
497f
activities interference, 498-502
discomfort, 496, 498t
duration, effects, 498
earth-moving machine whole-body
vibration z-axis acceleration, 503f
evaluation, frequency weightings
(application), 498t
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exposure measurement, vibration axes
(usage), 496f
frequency/direction, effects, 497-498
frequency weighting curves,
application guide, 497t
magnitude, effects, 496
occurrence, 494
protection, 505
seating dynamics, 505
“Why It Happened” (example), 529t
Widgets, adaptation, 1197t—1199¢, 1206f
Wiener, Norbert, 1387
Window, icon, menu, pointing device
(WIMP), 263, 786
Wind shear, problem, 1462
Wind velocity field, visualization, 931f,
932f
Winograd, Terry, 40
WIP. See Work in progress
Wireless bidirectional link, usage, 1239f
Wireless networks, development
(increase), 1049
Wireless Sensor Networks (WSN), 1115
WISE. See Workplace improvement in
small enterprises
Wizard of Oz (WoZ), 991, 1124
Word cloud, sample, 920f
Word spacing (WS), 1267
Work
analysis, 953-957
artifacts, spatial arrangement, 372
changes, 359
comfort, maintenance, 676
days absent, 575t
gainful works, effects, 1456
individual designs, team designs
(contrast), 399
individualized design, 401-402
intensity exposure, LBP risk
(relationship), 600f
knowledge work, 1457
low-back disorder (LBD), assessment
methods/identification, 609—-613
low back pain (LBP) problem,
magnitude, 598-599
physical aspects, 765-766
psychosocial work stressors, effect
(pooled odds ratios), 315t
relationships, problems (job stressor
category), 230
risk factors, epidemiology, 599-600
semi-skilled work, 14561457
specialist work, 1457
standing work, bench heights
(recommendation), 320f
surface height, sitting posture
(relationship), 371
sustainable work systems, 1513-1514
system design/implementation, HFE
principles, 1426-1429
tasks, requirements, 1449

work-positioning system, 682f

work-related musculoskeletal
disorders, 313f, 346-348

work-related stress, reduction, 586

Work activities

digitization, impact, 1450-1451
simplification, 1450
spine evaluation, 606f

Work design, 229, 317-318, 1439

cooperation/communication, 1454

differential work design, 1453—-1454

heterarchic organizational concepts,
1456

human-centered work design,
concepts/strategies, 1450-1457

learning/competence development,
1454-1455

measures, 1454-1456

organizational forms, development,
1455-1456

paradigm shift, 1449

Work Design Questionnaire (WDQ), 384,

388t-390t

‘Work domain

agency constraints, 953
agent constraints, 956-957
analysis, 951-952

functional value, 952

hard constraints, 955-956
process constraints, 952, 956
surface constraints, 953, 957

Workers

agricultural workers, spine (sustained
flexion), 636f

compensation systems, 575-576

container handling, 631f

custom-made handles, usage, 641f

differences, 397-399

lumbar flexion, direct
measurement/EMG, 637f

needs/values, change (creation), 399

sustained bent posture, 630f

Working conditions, differentiation, 1445
Working memory, 131-132

age-related changes, 1259

capacity, considerations, 133,
1134-1135

chunk capacity, excess (avoidance), 132

constraints, design implications,
132-133

dynamic working memory, 133-134

impact, 438

learning/training, relationship, 132

model, 522f

Working persons, 369, 369f

Working postures, 369-372, 374t

Work in progress (WIP) buffer, 957, 973
Workload. See Cognitive workload;

Mental workload
assessment, 204-206, 220
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compound measurement approaches,
214
evaluation, application realms, 220
history, 204
management, 1427
matrix, measures (representation), 220f
multimodal workload, balancing,
1394-1395
profiles, 1357-1358
role, 220
subjective workload curve, 208f
theoretical foundation, 204-206
vibration effect, model, 501f
Workload, anxiety, fatigue, and other
stressors (WAFOS), 441
Workload Profile, 243
Workplace
assessment, 612-613
characteristics, 669
design, 601, 618-619
driving workplace, 374f
dynamic moment exposure, 612
dynamic motion assessment,
334-335
interdependencies, 368f
lighting, ISO standards, 1323
low-back disorder (LBD) risk,
management, 597
low back pain (LBP), impact, 598t
protective gloves, usage, 678679
respiratory protective devices,
selection, 668—669
safety inspection, process, 854—855
stress reduction, biomechanical
principles (application),
313-326
survey, 864t, 872t—873t
TWA, 471
Workplace design, 303, 368
Workplace health, 229
factors, WHO categories, 229
Workplace improvement in small
enterprises (WISE), 866
Work Process Analysis Model (WPAM),
562
Work protection factor (WPF), 669
Workspace design (older adults),
1270-1271
Workstations
computer monitors, placement, 380f
constraints/requirements, identification,
373
design, 372-375
ergonomic design, process, 372f
human factors engineering, 1338-1339
improvements/final design, 375
layout, 375-380
modules, 378-380, 378f, 380f
orientations, alternatives, 380f
prototype, 374-375
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Workstations (continued)
resources/high-level requirements,
decisions, 373
simulation, server-based simulation
(contrast), 717
standing-sitting workstation, 369-370,
370f
user needs, identification, 373
Work systems
constraints/requirements, identification,
373
design, 228-230
social/psychosocial aspects, 229
structural changes, 1445-1446
Work teams
advantages/disadvantages, 396t
effectiveness, organizational context
(creation), 405
job design, relationship, 396t
World Alliance for Patient Safety (WHO
launch), 1421

World Commission on Economic
Development (WCED), 1512-1513
World Health Organization (WHO), IEA
cooperation, 27
World Patient Safety Day, WHO
establishment, 1421
World Wide Web Consortium (WWWC),
Web Accessibility Initiative,
1225
WPAM. See Work Process Analysis
Model
WPE. See Work protection factor
Wright brothers, impact, 1460
Wrists
anatomical structures, 322f
anatomy/loading, 322
gloves, usage, 323-324
grip design, 323
OCRA assessment scores, 342
position, grip strength, 323f

INDEX

postural classification scheme, 338t
trauma, 322
WSN. See Wireless Sensor Networks
Waundt illusion, 121

X

XAL See Explainable Al

XR. See Extended reality

XYZ tristimulus coordinate system, 71

Y

Yerkes-Dodson law, 237

Youth (cognitive control/attention), social
media (iapct), 1166

Z

Zeiller, Paul, 718, 720

Zero Harm culture, ensuring, 574, 586

Zero-order system (position dynamics),
response, 144

Zones of convenient reach (ZCRs), 259



