
“Introduction to Industrial ergonomics”.

INTRODUCTION TO INDUSTRIAL ERGONOMICS

Topic : The Anatomical And Mechanical Structure Of The Human Body

Topic Objective:

At the end of this topic student will be able to:

 Understand the Ergonomics

 Learn about Five aspects of ergonomics

 Understand the Design of ergonomics experiments

 Learn about Ergonomics in the workplace

 Understand the Anthropology

 Learn about Approaches to anthropology

 Understand the Anthropometry

Definition/Overview:

Ergonomics is the scientific discipline concerned with designing according to human needs,

and the profession that applies theory, principles, data and methods to design in order to

optimize human well-being and overall system performance. The field is also called human

engineering, and human factors. Ergonomic research is performed by those who study human

capabilities in relationship to their work demands. Information derived from these studies

contributes to 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.

Ergonomics is concerned with the fit between people and their work. It takes account of the

worker's capabilities and limitations in seeking to ensure that tasks, equipment, information

and the environment suit each worker.
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Key Points:

1. Ergonomics

Ergonomics is the scientific discipline concerned with designing according to human needs,

and the profession that applies theory, principles, data and methods to design in order to

optimize human well-being and overall system performance. The field is also called human

engineering, and human factors. Ergonomic research is performed by those who study human

capabilities in relationship to their work demands. Information derived from these studies

contributes to 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.

Ergonomics is concerned with the fit between people and their work. It takes account of the

worker's capabilities and limitations in seeking to ensure that tasks, equipment, information

and the environment suit each worker. To assess the fit between a person and their work,

ergonomists consider the job being done and the demands on the worker; the equipment used

(its size, shape, and how appropriate it is for the task), and the information used (how it is

presented, accessed, and changed). Ergonomics draws on many disciplines in its study of

humans and their environments, including anthropometry, biomechanics, mechanical

engineering, industrial engineering, industrial design, kinesiology, physiology and

psychology. Typically, an ergonomist will have a BA or BS in Psychology,

Industrial/Mechanical Engineering or Health Sciences, and usually an MA, MS or PhD in a

related discipline. Many universities offer Master of Science degrees in Ergonomics, while

some offer Master of Ergonomics or Master of Human Factors degrees. In the 2000s,

occupational therapists have been moving into the field of ergonomics and the field has been

heralded as one of the top ten emerging practice areas.

2. Five aspects of ergonomics

There are five aspects of ergonomics: safety, comfort, ease of use, productivity/performance,

and aesthetics. Based on these aspects of ergonomics, examples are given of how products or

systems could benefit from redesign based on ergonomic principles.

 Safety - Medicine bottles: The print on them could be larger so that a sick person who may

have impaired vision (due to sinuses, etc.) can more easily see the dosages and label.

Ergonomics could design the print style, color and size for optimal viewing.
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 Comfort - Alarm clock display: Some displays are harshly bright, drawing ones eye to the

light when surroundings are dark. Ergonomic principles could re-design this based on

contrast principles.

 Ease of use - Street Signs: In a strange area, many times it is difficult to spot street signs. This

could be addressed with the principles of visual detection in ergonomics.

 Productivity/performance - HD TV: The sound on HD TV is much lower than regular TV. So

when you switch from HD to regular, the volume increases dramatically. Ergonomics

recognizes that this difference in decibel level creates a difference in loudness and hurts

human ears and this could be solved by evening out the decibel levels.

 Aesthetics - Signs in the workplace: Signage should be made consistent throughout the

workplace to not only be aesthetically pleasing, but also so that information is easily

accessible.

3. Domains

The International Ergonomics Association (IEA) divides ergonomics broadly into three

domains:

 Physical ergonomics: is concerned with human anatomical, anthropometric, physiological

and biomechanical characteristics as they relate to physical activity. (Relevant topics include

working postures, materials handling, repetitive movements, work related musculoskeletal

disorders, workplace layout, safety and health.)

 Cognitive ergonomics: is concerned with mental processes, such as perception, memory,

reasoning, and motor response, as they affect interactions among humans and other elements

of a system. (Relevant topics include mental workload, decision-making, skilled

performance, human-computer interaction, human reliability, work stress and training as

these may relate to human-system design.)

 Organizational ergonomics: is concerned with the optimization of socio-technical systems,

including their organizational structures, policies, and processes.(Relevant topics include

communication, crew resource management, work design, design of working times,

teamwork, participatory design, community ergonomics, cooperative work, new work

paradigms, virtual organizations, tele-work, and quality management.)

4. History

The foundations of the science of ergonomics appear to have been laid within the context of

the culture of Ancient Greece. A good deal of evidence indicates that Hellenic civilization in
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the 5th century BCE used ergonomic principles in the design of their tools, jobs, and

workplaces. One outstanding example of this can be found in the description Hippocrates

gave of how a surgeon's workplace should be designed. The term ergonomics is derived from

the Greek words ergon [work] and nomos [natural laws] and first entered the modern lexicon

when Wojciech Jastrzębowski used the word in his 1857 article Rys ergonomji czyli nauki o

pracy, opartej na prawdach poczerpniętych z Nauki Przyrody. Later in the 19th century

Frederick Winslow Taylor pioneered the "Scientific Management" method, which proposed a

way to find the optimum method for carrying out a given task. Taylorfound that he could, for

example, triple the amount of coal that workers were shoveling by incrementally reducing the

size and weight of coal shovels until the fastest shoveling rate was reached. Frank and Lillian

Gilbreth expanded Taylor's methods in the early 1900s to develop "Time and Motion

Studies". They aimed to improve efficiency by eliminating unnecessary steps and actions. By

applying this approach, the Gilbreths reduced the number of motions in bricklaying from 18

to 4.5, allowing bricklayers to increase their productivity from 120 to 350 bricks per hour.

World War II marked the development of new and complex machines and weaponry, and

these made new demands on operators' cognition.

The decision-making, attention, situational awareness and hand-eye coordination of the

machine's operator became key in the success or failure of a task. It was observed that fully

functional aircraft, flown by the best-trained pilots, still crashed. In 1943, Alphonse

Chapanis, a lieutenant in the U.S. Army, showed that this so-called "pilot error" could be

greatly reduced when more logical and differentiable controls replaced confusing designs in

airplane cockpits. In the decades since the war, ergonomics has continued to flourish and

diversify. The Space Age created new human factors issues such as weightlessness and

extreme g-forces. How far could environments in space be tolerated, and what effects would

they have on the mind and body? The dawn of the Information Age has resulted in the new

ergonomics field of human-computer interaction (HCI). Likewise, the growing demand for

and competition among consumer goods and electronics has resulted in more companies

including human factors in product design. At home, work, or play new problems and

questions must be resolved constantly. People come in all different shapes and sizes, and with

different capabilities and limitations in strength, speed, judgment, and skills. All of these

factors need to be considered in the design function. To solve design problems, physiology

and psychology must be included with a engineering approach.
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5. Applications

More than twenty technical subgroups within the Human Factors and Ergonomics Society

(HFES) indicate the range of applications for ergonomics. Human factors engineering

continues to be successfully applied in the fields of aerospace, aging, health care, IT, product

design, transportation, training, nuclear and virtual environments, among others. Kim

Vicente, a University of Toronto Professor of Ergonomics, argues that the nuclear disaster in

Chernobyl is attributable to plant designers not paying enough attention to human factors.

"The operators were trained but the complexity of the reactor and the control panels

nevertheless outstripped their ability to grasp what they were seeing [during the prelude to the

disaster]." Physical ergonomics is important in the medical field, particularly to those

diagnosed with physiological ailments or disorders such as arthritis (both chronic and

temporary) or carpal tunnel syndrome. Pressure that is insignificant or imperceptible to those

unaffected by these disorders may be very painful, or render a device unusable, for those who

are. Many ergonomically designed products are also used or recommended to treat or prevent

such disorders, and to treat pressure-related chronic pain. Human factors issues arise in

simple systems and consumer products as well. Some examples include cellular telephones

and other handheld devices that continue to shrink yet grow more complex (a phenomenon

referred to as "creeping featurism"), millions of VCRs blinking "12:00" across the world

because very few people can figure out how to program them, or alarm clocks that allow

sleepy users to inadvertently turn off the alarm when they mean to hit 'snooze'. A user-

centered design (UCD), also known as a systems approach or the usability engineering

lifecycle aims to improve the user-system.

6. Design of ergonomics experiments

There is a specific series of steps that should be used in order to properly design an

ergonomics experiment. First, one should select a problem that has practical impact. The

problem should support or test a current theory. The user should select one or a few

dependent variable(s) which usually measures safety, health, and/or physiological

performance. Independent variable(s) should also be chosen at different levels. Normally, this

involves paid participants, the existing environment, equipment, and/or software. When

testing the users, one should give careful instructions describing the method or task and then

get voluntary consent. The user should recognize all the possible combinations and

interactions to notice the many differences that could occur. Multiple observations and trials

should be conducted and compared to maximize the best results. Once completed,

redesigning within and between subjects should be done to vary the data. It is often that
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permission is needed from the Institutional Review Board before an experiment can be done.

A mathematical model should be used so that the data will be clear once the experiment is

completed. The experiment starts with a pilot test. Make sure in advance that the subjects

understand the test, the equipment works, and that the test is able to be finished within the

given time. When the experiment actually begins, the subjects should be paid for their work.

All times and other measurements should be carefully measured and recorded. Once all the

data is compiled, it should be analyzed, reduced, and formatted in the right way. A report

explaining the experiment should be written. It should often display statistics including an

ANOVA table, plots, and means of central tendency. A final paper should be written and

edited after numerous drafts to ensure an adequate report is the final product.

7. Ergonomics in the workplace

Outside of the discipline itself, the term 'ergonomics' is generally used to refer to physical

ergonomics as it relates to the workplace (as in for example ergonomic chairs and

keyboards). Ergonomics in the workplace has to do largely with the safety of employees, both

long and short-term. Ergonomics can help reduce costs by improving safety. This would

decrease the money paid out in workers compensation. For example, over five million

workers sustain overextension injuries per year. Through ergonomics, workplaces can be

designed so that workers do not have to overextend themselves and the manufacturing

industry could save billions in workers compensation. Workplaces may either take the

reactive or proactive approach when applying ergonomics practices. Reactive ergonomics is

when something needs to be fixed, and corrective action is taken. Proactive ergonomics is the

process of seeking areas that could be improved and fixing the issues before they become a

large problem. Problems may be fixed through equipment design or task design. Equipment

design changes the actual, physical devices used by people. Task design changes what people

do with the equipment. Environmental design changes the environment in which people

work, but not the physical equipment they use.

8. Anthropology

Anthropology (/ˌnθɹəˈpɒlədʒi/, from Greek ἄνθρωπος,anthrōpos, "human", and -λογία, -logia,

"discourse") is the study of humans and humanity in its totality. Anthropology has origins in

the natural sciences, and the humanities. In Great Britainit was originally divided into

physical anthropology and cultural anthropology, which itself was divided into archaeology,

technology, ethnology (the comparative study of different peoples, focusing on material
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culture, language, religion and other social institutions) and sociology (the comparative study

of social phenomena). In the United States anthropology traditionally has comprised four

fields: physical anthropology, archaeology, linguistics and cultural anthropology. Today, in

Britain, Archaeology and Sociology are generally taught as separate subjects, and ethnology

was renamed social anthropology and emerged as the leading focus of anthropology.

Anthropology in other countries generally follows one or both of these models.

8.1 Approaches to anthropology

Principally in the United States, anthropology is often defined as being "holistic" and

based on a "four-field" approach. There is an ongoing dispute as to whether this

makes sense theoretically or pragmatically in the structure of American academic

institutions. Supporters consider anthropology holistic in two senses: it is concerned

with all human beings across times and places, and with all dimensions of humanity

(evolutionary, biophysical, sociopolitical, economic, cultural, linguistic,

psychological, etc.); also many academic programs following this approach take a

"four-field" approach to anthropology that encompasses physical anthropology,

archaeology, linguistics, and cultural anthropology or social anthropology. The

definition of anthropology as holistic and the "four-field" approach are disputed by

some leading anthropologists that consider those as artifacts from 19th century social

evolutionary thought that inappropriately impose scientific positivism upon cultural

anthropology in particular. The pressure for the "integration" of socio-cultural

anthropology (inherently associated with the humanities), with "biological-physical

anthropology" (inherently associated with the natural sciences), has been criticized as

an inappropriate imposition of positivism (the belief that the only proper knowledge is

that derived from the scientific method) upon cultural anthropology. This criticism

argument has been raised towards the development of sociobiology in the late 1960s

(by cultural anthropologists such as Marshall Sahlins), and towards the "four field

holism" of American Anthropology. While originating in the US, both the four field

approach and debates concerning it have been exported internationally under

American academic influence. (for more details see the section on the relations with

the natural sciences and the Humanities)

The four fields are:
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 Biological or physical anthropology seeks to understand the physical human being through

the study of human evolution and adaptability, population genetics, and primatology.

Subfields or related fields include paleoanthropology (study of evolutionary history of the

human species), anthropometrics, forensic anthropology, osteology, and nutritional

anthropology. On the basis of Tinbergen's four questions a framework of reference or

"periodic table" of all fields of anthropological research (including humanities) can be

established.

 Socio-cultural anthropology is the investigation, often through long term, intensive field

studies (including participant-observation methods), of the culture and social organization of

a particular people: language, economic and political organization, law and conflict

resolution, patterns of consumption and exchange, kinship and family structure, gender

relations, childrearing and socialization, religion, mythology, symbolism, etc. (U.S.

universities more often use the term cultural anthropology; British universities have tended to

call the corresponding field social anthropology, and for much of the 20th century

emphasized the analysis of social organization more than cultural symbolism.) In some

European countries, socio-cultural anthropology is known as ethnology (a term coined and

defined by Adam F. Kollr in 1783 that is also used in English-speaking countries to denote

the comparative aspect of socio-cultural anthropology.) Subfields and related fields include

psychological anthropology, folklore, anthropology of religion, ethnic studies, cultural

studies, anthropology of media and cyberspace, and study of the diffusion of social practices

and cultural forms.

 Linguistic anthropology seeks to understand the processes of human communications, verbal

and non-verbal, variation in language across time and space, the social uses of language, and

the relationship between language and culture. It is the branch of anthropology that brings

linguistic methods to bear on anthropological problems, linking the analysis of linguistic

forms and processes to the interpretation of socio-cultural processes. Linguistic

anthropologists often draw on related fields including anthropological linguistics,

sociolinguistics, pragmatics, cognitive linguistics, semiotics, discourse analysis, and narrative

analysis.

 Archaeology studies the contemporary distribution and form of artifacts (materials modified

by past human activities), with the intent of understanding distribution and movement of

ancient populations, development of human social organization, and relationships among

contemporary populations; it also contributes significantly to the work of population

geneticists, historical linguists, and many historians. Archaeology involves a wide variety of
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field techniques (remote sensing, survey, geophysical studies, coring, and excavation) and

laboratory procedures (compositional analyses, dating studies (radiocarbon, optically

stimulated luminescence dating), measures of formal variability, examination of wear

patterns, residue analyses, etc.). Archaeologists predominantly study materials produced by

prehistoric groups but also includes modern, historical and ethnographic populations.

Archaeology is usually regarded as a separate (but related) field outside North America,

although closely related to the anthropological field of material culture, which deals with

physical objects created or used within a living or past group as a means of understanding its

cultural values.

9. Anthropometry

Anthropometry (Greekάνθρωπος, man, andμέτρον, measure, literally meaning "measurement

of humans"), in physical anthropology, refers to the measurement of the human individual for

the purposes of understanding human physical variation. Today, anthropometry plays an

important role in industrial design, clothing design, ergonomics and architecture where

statistical data about the distribution of body dimensions in the population are used to

optimize products. Changes in life styles, nutrition and ethnic composition of populations

lead to changes in the distribution of body dimensions (e.g., the obesity epidemic), and

require regular updating of anthropometric data collections.

9.1 Bertillon, Galton, and criminology

The French savant, Alphonse Bertillon, gave this name in 1883 to a system of

identification depending on the unchanging character of certain measurements of parts

of the human frame. He found by patient inquiry that several physical features and the

dimensions of certain bones or bony structures in the body remain practically constant

during adult life. He concluded from this that when these measurements were made

and recorded systematically every single individual would be found to be perfectly

distinguishable from others. The system was soon adapted to police methods, as the

immense value of being able to fix a person's identity was fully realized, both in

preventing false impersonation and in bringing home to any one charged with an

offense his responsibility for previous wrongdoing. "Bertillonage," as it was called,

became widely popular, and after its introduction into Francein 1883, where it was

soon credited with highly gratifying results, was applied to the administration of

justice in most civilized countries. England followed tardily, and it was not until 1894
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that an investigation of the methods used and results obtained was made by a special

committee sent to Parisfor the purpose. It reported favorably, especially on the use of

the measurements for primary classification, but recommended also the adoption in

part of a system of "finger prints" as suggested by Francis Galton, and already

practiced in Bengal.

A chart from Bertillon's Identification anthropomtrique (1893), demonstrating how to

take measurements for his identification system.

There were eleven measurements:

 Height

 Stretch: Length of body from left shoulder to right middle finger when arm is raised

 Bust: Length of torso from head to seat, taken when seated

 Length of head: Crown to forehead

 Width of head: Temple to temple

 Length of right ear

 Length of left foot

 Length of left middle finger

 Length of left cubit: Elbow to tip of middle finger

 Width of cheeks

 Length of left little finger

From this great mass of details, soon represented in Paris by the collection of some

100,000 cards, it was possible, proceeding by exhaustion, to sift and sort down the

cards till a small bundle of half a dozen produced the combined facts of the

measurements of the individual last sought. The whole of the information is easily

contained in one cabinet of very ordinary dimensions, and most ingeniously contrived

so as to make the most of the space and facilitate the search. The whole of the record

is independent of names, and the final identification is by means of the photograph

which lies with the individual's card of measurements.
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Anthropometry demonstrated in an exhibit from a 1921 eugenics conference.

Anthropometrics was first used in the 19th and early 20th century in criminalistics, to

identifying criminals by facial characteristics. Francis Galton was a key contributor as

well, and it was in showing the redundancy of Bertillon's measurements that he

developed the statistical concept of correlation. Bertillon's system originally measured

variables he thought were independentsuch as forearm length and leg lengthbut

Galton had realized were both the result of a single causal variable (in this case,

stature). Bertillon's goal was to use anthropometry as a way of identifying

recidivistswhat we would today call "repeat-offense" criminals. Previously, police

could only record general descriptions and names, and criminals were fond of using

alternative identities. As such, it was a difficult job to identify whether or not certain

individuals arrested were "first offenders" or life-long criminals. Photography of

criminals had become commonplace but it had proven ungainly, as there was no

coherent way to arrange visually the many thousands of photographs in a fashion

which would allow easy use (an officer would have to sort through them all with the

hope of finding one). Bertillon's hope was that through the use of measurements of the

body, all information about the individual criminal could be reduced to a set of

identifying numbers which could be entered into a large filing system. Bertillon also

envisioned the system as being organized in such a way that even if the number of

measurements was limited the system could drastically reduce the number of potential

matches, through an easy system of body parts and characteristics being labeled as

"small", "medium", or "large". For example, if the length of the arm was measured

and judged to be within the "medium" range, and the size of the foot was known, this

would drastically reduce the number of potential records to compare against. With

more measurements of hopefully independent variables, a more precise identification

could be achieved, which could then be matched against photographic evidence.

Certain aspects of this philosophy would also go into Galton's development of

fingerprint identification as well.

Anthropometry, however, gradually fell into disfavor, and it has been generally

supplanted by the superior system of finger prints. Bertillonage exhibited certain

defects which were first brought to light in Bengal. The objections raised were
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 the costliness of the instruments employed and their liability to become out of order;

 the need for specially instructed measurers, men of superior education;

 the errors that frequently crept in when carrying out the processes and were all but

irremediable.

Measures inaccurately taken, or incorrectly read off, could seldom, if ever, be

corrected, and these persistent errors defeated all chance of successful search. The

process was slow, as it was necessary to repeat it three times so as to arrive at a mean

result. In Bengal, measurements were already abandoned by 1897, when the finger

print system was adopted throughout British India. Three years later Englandfollowed

suit; and as the result of a fresh inquiry ordered by the Home Office, finger prints

were alone relied upon for identification.

10. Biomechanics

Biomechanics is the application of mechanical principles to living organisms. This includes

bioengineering, the research and analysis of the mechanics of living organisms and the

application of engineering principles to and from biological systems. This research and

analysis can be carried forth on multiple levels, from the molecular, wherein biomaterials

such as collagen and elastin are considered, all the way up to the tissue and organ level. Some

simple applications of Newtonian mechanics can supply correct approximations on each

level, but precise details demand the use of continuum mechanics. Giovanni Alfonso Borelli

wrote the first book on biomechanics, De Motu Animalium, or On the Movement of Animals.

He not only saw animals' bodies as mechanical systems, but pursued questions such as the

physiological difference between imagining performing an action and actually doing it. Some

simple examples of biomechanics research include the investigation of the forces that act on

limbs, the aerodynamics of bird and insect flight, the hydrodynamics of swimming in fish,

and locomotion in general across all forms of life, from individual cells to whole organisms.

The biomechanics of human beings is a core part of kinesiology. The application of

biomechanical principles to plants and plant organs has developed into the sister field of Plant

biomechanics. The many strands of plant biomechanics are described in a text book on the

subject by Karl Niklas Plant Biomechanics: An Engineering Approach to Plant Form and

Function. Applied mechanics, most notably thermodynamics and continuum mechanics, and

mechanical engineering disciplines such as fluid mechanics and solid mechanics, play

prominent roles in the study of biomechanics. By applying the laws and concepts of physics,
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biomechanical mechanisms and structures can be simulated and studied. Relevant

mathematical tools include linear algebra, differential equations, vector and tensor calculus,

numerics and computational techniques such as the finite element method. The study of

biomaterials is of crucial importance to biomechanics.

For example, the various tissues within the body's organs, such as skin, bone, and arteries

each possess unique material properties. The passive mechanical response of a particular

tissue can be attributed to characteristics of the various proteins, such as elastin and collagen,

living cells, ground substances such as proteoglycans, and the orientations of fibers within the

tissue. For example, if human skin were largely composed of a protein other than collagen,

many of its mechanical properties, such as its elastic modulus, would be different. It has been

shown that applied loads and deformations can affect the properties of living tissue. There is

much research in the field of growth and remodeling as a response to applied loads. For

example, the effects of elevated blood pressure on the mechanics of the arterial wall, the

behavior of cardiomyocytes within a heart with a cardiac infarct, and bone growth in

response to exercise, and the acclimative growth of plants in response to wind movement,

have been widely regarded as instances in which living tissue is remodelled as a direct

consequence of applied loads. Chemistry, molecular biology, and cell biology have much to

offer in the way of explaining the active and passive properties of living tissues. For example,

in muscle contractions, the binding of myosin to actin is based on a biochemical reaction

involving calcium ions and ATP. The study of biomechanics ranges from the inner workings

of a cell to the movement and development of limbs, to the mechanical properties of soft

tissue, and bones. As we develop a greater understanding of the physiological behavior of

living tissues, researchers are able to advance the field of tissue engineering, as well as

develop improved treatments for a wide array of pathologies. Biomechanics as a sports

science, kinesiology, applies the laws of mechanics and physics to human performance in

order to gain a greater understanding of performance in athletic events through modeling,

simulation, stimulation, gesticulation, mastication and measurement.

10.1 Continuum mechanics

It is often appropriate to model living tissues as continuous media. For example, at the

tissue level, the arterial wall can be modeled as a continuum. This assumption breaks

down when the length scales of interest approach the order of the micro structural

details of the material. The basic postulates of continuum mechanics are conservation
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of linear and angular momentum, conservation of mass, conservation of energy, and

the entropy inequality. Solids are usually modeled using "reference" or "Lagrangian"

coordinates, whereas fluids are often modeled using "spatial" or "Eulerian"

coordinates. Using these postulates and some assumptions regarding the particular

problem at hand, a set of equilibrium equations can be established. The kinematics

and constitutive relations are also needed to model a continuum.

Second and fourth order tensors are crucial in representing many quantities in

electromechanical. In practice, however, the full tensor form of a fourth-order

constitutive matrix is rarely used. Instead, simplifications such as isotropy, transverse

isotropy, and incompressibility reduce the number of independent components.

Commonly-used second-order tensors include the Cauchy stress tensor, the second

Piola-Kirchhoff stress tensor, the deformation gradient tensor, and the Green strain

tensor. A reader of the mechanic's literature would be well-advised to note precisely

the definitions of the various tensors which are being used in a particular work.

10.2 Circulation

Under most circumstances, blood flow can be modeled by the Navier-Stokes

equations. Whole blood can often be assumed to be an incompressible Newtonian

fluid. However, this assumption fails when considering flows within arterioles. At this

scale, the effects of individual red blood cells become significant, and whole blood

can no longer be modeled as a continuum. When the diameter of the blood vessel is

slightly larger than the diameter of the red blood cell the FahraeusLindquist effect

occurs and there is a decrease in wall shear stress. However, as the diameter of the

blood vessel decreases further, the red blood cells have to squeeze through the vessel

and often can only pass in single file. In this case, the inverse FahraeusLindquist

effect occurs and the wall shear stress increases.

10.3 Bones

Bones are anisotropic but are approximately transversely isotropic. In other words,

bones are stronger along one axis than across that axis, and are approximately the

same strength no matter how they are rotated around that axis.

The stress-strain relations of bones can be modeled using Hooke's law, in which they

are related by elastic moduli, e.g. Young's modulus, Poisson's ratio or the Lam

parameters. The constitutive matrix, a fourth order tensor, depends on the isotropy of

the bone.
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σij= Cijklεkl

10.4 Muscle

There are three main types of muscles:

 Skeletal muscle (striated): Unlike cardiac muscle, skeletal muscle can develop a sustained

condition known as tetiny through high frequency stimulation, resulting in overlapping

twitches and a phenomenon known as wave summation. At a sufficiently high frequency,

tetany occurs, and the contracticle force appears constant through time. This allows skeletal

muscle to develop a wide variety of forces. This muscle type can be voluntary controlled.

Hill's Model is the most popular model used to study muscle.

 Cardiac muscle (striated): Cardiomyocytes are a highly specialized cell type. These

involuntarily contracted cells are located in the heart wall and operate in concert to develop

synchronized beats. This is attributable to a refractory period between twitches.

 Smooth muscle (smooth - lacking striations): The stomach, vasculature, and most of the

digestive tract are largely composed of smooth muscle. This muscle type is involuntary and is

controlled by the enteric nervous system.

10.5 Soft tissues

Soft tissues such as tendon, ligament and cartilage are combinations of matrix

proteins and fluid. In each of these tissues the main strength bearing element is

collagen, although the amount and type of collagen varies according to the function

each tissue must perform. Elastin is also a major load-bearing constituent within skin,

the vasculature, and connective tissues. The function of tendons is to connect muscle

with bone and is subjected to tensile loads. Tendons must be strong to facilitate

movement of the body while at the same time remaining compliant to prevent damage

to the muscle tissues. Ligaments connect bone to bone and therefore are stiffer than

tendons but are relatively close in their tensile strength. Cartilage, on the other hand,

is primarily loaded in compression and acts as a cushion in the joints to distribute

loads between bones. The compressive strength of cartilage is derived mainly from

collagen as in tendons and ligaments, however because collagen is comparable to a

"wet noodle" it must be supported by cross-links of glycosaminoglycans that also

attract water and create a nearly incompressible tissue capable of supporting

compressive loads.
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Recently, research is growing on the biomechanics of other types of soft tissues such

as skin and internal organs. This interest is spurred by the need for realism in the

development of medical simulation.

10.6 Visco-elasticity

Visco-elasticity is readily evident in many soft tissues, where there is energy

dissipation, or hysteresis, between the loading and unloading of the tissue during

mechanical tests. Some soft tissues can be preconditioned by repetitive cyclic loading

to the extent where the stress-strain curves for the loading and unloading portions of

the tests nearly overlap. The most commonly used model for visco-elasticity is the

Quasilinear Visco-elasticity theory (QLV). In addition, soft tissues exhibit other

visco-elastic properties, including creep, stress relaxation, and preconditioning.

10.7 Nonlinear theories

Hooke's law is linear, but many, if not most problems in biomechanics, involve highly

nonlinear behavior, particularly for soft tissues. Proteins such as collagen and elastin,

for example, exhibit such a behavior. Some common material models include the

Neo-Hookean behavior, often used for modeling elastin, and the famous Fung-elastic

exponential model. Non linear phenomena in the biomechanics of soft tissue arise not

only from the material properties but also from the very large strains (100% and

more) that are characteristic of many problems in soft tissues.

11. Human Skeleton

The human skeleton consists of both fused and individual bones supported and supplemented

by ligaments, tendons, muscles and cartilage. It serves as a scaffold which supports organs,

anchors muscles, and protects organs such as the brain, lungs and heart. The biggest bone in

the body is the femur and the smallest is the stapes bone in the middle ear. In an adult, the

skeleton comprises around 13% of the total body weight, and half of this weight is water.

Fused bones include those of the pelvis and the cranium. Not all bones are interconnected

directly: There are three bones in each middle ear called the ossicles that articulate only with

each other. The hyoid bone, which is located in the neck and serves as the point of attachment

for the tongue, does not articulate with any other bones in the body, being supported by

muscles and ligaments.

11.1 Function

The skeleton has six main functions:
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11.2 Support

The skeleton provides the framework which supports the body and maintains its

shape. The pelvis and associated ligaments and muscles provide a floor for the pelvic

structures. Without the ribs, costal cartilages, and the intercostal muscles the lungs

would collapse.

11.3 Movement

The joints between bones permit movement, some allowing a wider range of

movement than others, e.g. the ball and socket joint allows a greater range of

movement than the pivot joint at the neck. Movement is powered by skeletal muscles,

which are attached to the skeleton at various sites on bones. Muscles, bones, and

joints provide the principal mechanics for movement, all coordinated by the nervous

system.

11.4 Protection

The skeleton protects many vital organs:

The skull protects the brain, the eyes, and the middle and inner ears.

The spine protects the spinal cord.

The rib cage, spine, and sternum protect the lungs, heart and major blood vessels.

The clavicle and scapula protect the shoulder.

The ilium and spine protect the digestive and urogenital systems and the hip.

The patella and the ulna protect the knee and the elbow respectively.

The carpals and tarsals protect the wrist and ankle respectively.

11.5 Blood cell production

The skeleton is the site of haematopoiesis, which takes place in red bone marrow.

11.6 Storage

Bone matrix can store calcium and is involved in calcium metabolism, and bone

marrow can store iron in ferritin and is involved in iron metabolism.

11.7 Endocrine regulation

Bone cells release a hormone called osteocalcin, which contributes to the regulation

of blood sugar (glucose) and fat deposition. Osteocalcin increases both the insulin

secretion and sensitivity, in addition to boosting the number of insulin-producing cells

and reducing stores of fat.

11.8 Sex-based differences

There are many differences between the male and female human skeletons. Most

prominent is the difference in the pelvis, owing to characteristics required for the
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processes of childbirth. The shape of a female pelvis is flatter, more rounded and

proportionally larger to allow the head of a fetus to pass. Men tend to have slightly

thicker and longer limbs and digit bones (phalanges), while women tend to have

narrower rib cages, smaller teeth, less angular mandibles, less pronounced cranial

features such as the brow ridges and external occipital protuberance (the small bump

at the back of the skull), and the carrying angle of the forearm is more pronounced in

females. Females also tend to have more rounded shoulder blades.

An articulated human skeleton, as used in biology education

12. Osteoporosis

Osteoporosis is a disease of bone, which leads to an increased risk of fracture. In

osteoporosis, the bone mineral density (BMD) is reduced, bone micro-architecture is

disrupted, and the amount and variety of non-collagenous proteins in bone is altered.

Osteoporosis is defined by the World Health Organization (WHO) in women as a bone

mineral density 2.5 standard deviations below peak bone mass (20-year-old sex-matched

healthy person average) as measured by DXA; the term "established osteoporosis" includes

the presence of a fragility fracture. Osteoporosis is most common in women after the

menopause, when it is called postmenopausal osteoporosis, but may develop in men and

premenopausal women in the presence of particular hormonal disorders and other chronic

diseases or as a result of smoking and medications, specifically glucocorticoids, when the

disease is craned steroid- or glucocorticoid-induced osteoporosis (SIOP or GIOP).

Osteoporosis can be prevented with lifestyle advice and medication, and preventing falls in

people with known or suspected osteoporosis is an established way to prevent fractures.

Osteoporosis can also be prevented with having a good source of calcium and vitamin D.

Osteoporosis can be treated with bisphosphonates and various other medical treatments.
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Topic : How The Body Does Its Work

Topic Objective:

At the end of this topic student will be able to:

 Understand the Respiratory System

 Understand the Comparative anatomy/physiology in mammals

 Learn about Marine Mammals

 Understand the Anatomy of respiratory system in invertebrates

 Learn about Molluscs

 Understand the Metabolism

Definition/Overview:

The human body is the entire physical structure of a human organism. The human body

consists of a head, neck, torso, two arms and two legs. The average height of an adult human

is about 1.7 m (5 to 6 feet) tall. This size is firstly determined by diet and secondly by genes.

Body type and body composition are influenced by postnatal factors such as diet and

exercise. By the time the human reaches adult-hood, the body consists of close to 100 trillion

cells. Each is part of an organ system designed to perform essential life functions. The body's

organ systems include: the circulatory system, immune system, respiratory system, digestive

system, excretory system, urinary system, musculoskeletal system, nervous system, endocrine

system and the male and / or female reproductive system.

Key Points:

1. The Respiratory System

A respiratory systems function is to allow gas exchange. The space between the alveoli and

the capillaries, the anatomy or structure of the exchange system, and the precise physiological

uses of the exchanged gases vary depending on the organism. In humans and other mammals,

for example, the anatomical features of the respiratory system include airways, lungs, and

the respiratory muscles. Molecules of oxygen and carbon dioxide are passively exchanged, by
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diffusion, between the gaseous external environment and the blood. This exchange process

occurs in the alveolar region of the lungs. Other animals, such as insects, have respiratory

systems with very simple anatomical features, and in amphibians even the skin plays a vital

role in gas exchange. Plants also have respiratory systems but the directionality of gas

exchange can be opposite to that in animals. The respiratory system in plants also includes

anatomical features such as holes on the undersides of leaves known as stomata.

2. Mammals

For mammals, including humans, respiration is essential. In these organisms, the respiratory

system can be subdivided into an upper respiratory tract and a lower respiratory tract based

on anatomical features. The upper respiratory tract includes the nasal passages, pharynx and

the larynx, while the lower respiratory tract is comprised of the trachea, the primary bronchi

and lungs. The respiratory system can also be divided into physiological, or functional, zones.

These include the conducting zone (the region for gas transport from the outside atmosphere

to just above the alveoli), the transitional zone, and the respiratory zone (the alveolar region

where gas exchange occurs). (See also respiratory tract.)

3. Comparative anatomy/physiology in mammals

3.1 Horses

Horses are obligate nasal breathers. That is, they are different from many other

mammals in that they do not have the option of breathing through their mouths and

must take in air through their nose.

3.2 Elephants

The elephant is the only mammal known to have no pleural space. Rather, the parietal

and visceral pleura are both composed of dense connective tissue and joined to each

other via loose connective tissue. This lack of a pleural space, along with an unusually

thick diaphragm, are thought to be evolutionary adaptations allowing the elephant to

remain underwater for long periods of time while breathing through its trunk which

emerges as a snorkel.

4. Marine Mammals

4.1 Birds

The respiratory system of birds differs significantly from that found in mammals,

containing unique anatomical features such as air sacs. The lungs of birds also do not

have the capacity to inflate as birds lack a diaphragm and a pleural cavity. Gas
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exchange in birds occurs between air capillaries and blood capillaries, rather than in

alveoli.

4.2 Reptiles

The anatomical structure of the lungs is less complex in reptiles than in mammals,

with reptiles lacking the extensive airway tree structure found in mammalian lungs.

Gas exchange in reptiles still occurs in alveoli, however. Reptiles do not possess a

diaphragm. Thus, breathing occurs via a change in the volume of the body cavity

which is controlled by contraction of inter-costal muscles in all reptiles except turtles.

In turtles, contraction of specific pairs of flank muscles governs inspiration or

expiration.

4.3 Amphibians

The skin is one of the important respiratory organs in amphibians. It is highly

vascularized and moist, with moisture maintained via secretion of mucus from

specialized cells. These properties aid rapid gas exchange.

4.4 Fish

In most fish the respiration takes place through gills. (See also aquatic respiration.)

Lungfish, however, do possess one or two lungs. The labyrinth fishes have developed

a special organ that allows them to take advantage of the oxygen of the air, but is not

a true lung. The rare breath fish also has two lungs.

5. Anatomy of respiratory system in invertebrates

These animals lack specialized organs for gas exchange, instead taking in gases directly from

the surrounding water.

5.1 Flatworms and annelids

Flatworms have special muscles, called "enmmustullus", meaning "small muscles" in

Latin. These muscles help the worms to create energy efficiently, while still

completing essential activities like eating and sleeping.

5.2 Insects

Air enters the respiratory system of most insects through a series of external openings

called spiracles. These external openings, which act as muscular valves in some

insects, lead to the internal respiratory system, a densely-networked array of tubes

called trachea. The tracheal system within an individual is composed of

interconnecting transverse and longitudinal tracheae which maintain equivalent

pressure throughout the system. These tracheae branch repeatedly, eventually forming

tracheoles, which are blind-ended, water-filled compartments only one micrometer in
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diameter. It is at this level of the tracheoles that oxygen is delivered to the cells for

respiration.

Insects were once believed to exchange gases with the environment continuously by

the simple diffusion of gases into the tracheal system. More recently, however, large

variation in insect ventilatory patterns has been documented and insect respiration

appears to be highly variable. Some small insects do demonstrate continuous

respiration and may lack muscular control of the spiracles. Others, however, utilize

muscular contraction of the abdomen along with coordinated spiracle contraction and

relaxation to generate cyclical gas exchange patterns. The most extreme form of these

patterns is termed discontinuous gas exchange cycles (DGC) .

6. Molluscs

Molluscs generally possess gills that allow exchange of oxygen from an aqueous environment

into the circulatory system. These animals also possess a heart that pumps blood which

contains hemocyanin as its oxygen-capturing molecule. Hence, this respiratory system is

similar to that of vertebrate fish.

6.1 Physiology of respiratory system in mammals

For more detailed descriptions see also Respiratory physiology or Respiration.

6.2 Ventilation

Ventilation of the lungs is carried out by the muscles of respiration.

6.3 Control

Ventilation occurs under the control of the autonomic nervous system from parts of

the brain stem, the medulla oblongata and the pons. This area of the brain forms the

respiration regulatory center, a series of interconnected brain cells within the lower

and middle brain stem which coordinate respiratory movements. The sections are the

pneumotaxic center, the apneustic center, and the dorsal and ventral respiratory

groups. This section is especially sensitive during infancy, and the neurons can be

destroyed if the infant is dropped and/or shaken violently. The result can be death due

to "shaken baby syndrome."

6.4 Inhalation

Inhalation is initiated by the diaphragm and supported by the external intercostal

muscles. Normal resting respirations are 10 to 18 breaths per minute, with a time

period of 2 seconds. During vigorous inhalation (at rates exceeding 35 breaths per

minute), or in approaching respiratory failure, accessory muscles of respiration are
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recruited for support. These consist of sternocleidomastoid, platysma, and the scalene

muscles of the neck.

Under normal conditions, the diaphragm is the primary driver of inhalation. When the

diaphragm contracts, the ribcage expands and the contents of the abdomen are moved

downward. This results in a larger thoracic volume and negative (suction) pressure

(with respect to atmospheric pressure) inside the thorax. As the pressure in the chest

falls, air moves into the conducting zone. Here, the air is filtered, warmed, and

humidified as it flows to the lungs.

During forced inhalation, as when taking a deep breath, the external inter-costal

muscles and accessory muscles aid in further expanding the thoracic cavity.

6.5 Exhalation

Exhalation is generally a passive process; however, active or forced exhalation is

achieved by the abdominal and the internal inter-costal muscles. During this process

air is forced or exhaled out.

The lungs have a natural elasticity: as they recoil from the stretch of inhalation, air

flows back out until the pressures in the chest and the atmosphere reach equilibrium.

During forced exhalation, as when blowing out a candle, expiratory muscles including

the abdominal muscles and internal inter-costal muscles generate abdominal and

thoracic pressure, which forces air out of the lungs.

6.6 Circulation

The right side of the heart pumps blood from the right ventricle through the

pulmonary semilunar valve into the pulmonary trunk. The trunk branches into right

and left pulmonary arteries to the pulmonary blood vessels. The vessels generally

accompany the airways and also undergo numerous branchings. Once the gas

exchange process is complete in the pulmonary capillaries, blood is returned to the

left side of the heart through four pulmonary veins, two from each side. The

pulmonary circulation has a very low resistance, due to the short distance within the

lungs, compared to the systemic circulation, and for this reason, all the pressures

within the pulmonary blood vessels are normally low as compared to the pressure of

the systemic circulation loop.

6.7 Gas exchange

The major function of the respiratory system is gas exchange between the external

environment and an organism's circulatory system. In humans and mammals, this
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exchange facilitates oxygenation of the blood with a concomitant removal of carbon

dioxide and other gaseous metabolic wastes from the circulation. As gas exchange

occurs, the acid-base balance of the body is maintained as part of homeostasis. If

proper ventilation is not maintained, two opposing conditions could occur:

1) Respiratory acidosis, a life threatening condition, and

2) Respiratory alkalosis.

Upon inhalation, gas exchange occurs at the alveoli, the tiny sacs which are the basic

functional component of the lungs. The alveolar walls are extremely thin (approx. 0.2

micrometers). These walls are composed of a single layer of epithelial cells (type I

and type II epithelial cells) in close proximity to the pulmonary capillaries which are

composed of a single layer of endothelial cells. The close proximity of these two cell

types allows permeability to gases and, hence, gas exchange.

6.8 Non-respiratory functions

The movement of gas through the larynx, pharynx and mouth allows humans to

speak, or phonate. Vocalization, or singing, in birds occurs via the syrinx, an organ

located at the base of the trachea. The vibration of air flowing across the larynx (vocal

chords), in humans, and the syrinx, in birds, results in sound. Because of this, gas

movement is extremely vital for communication purposes.

6.9 Temperature control

Panting in dogs and some other animals provides a means of controlling body

temperature. This physiological response is used as a cooling mechanism.

6.10. Coughing and sneezing

Irritation of nerves within the nasal passages or airways can induce coughing and

sneezing. These responses cause air to be expelled forcefully from the trachea or nose,

respectively. In this manner, irritants caught in the mucus which lines the respiratory

tract are expelled or moved to the mouth where they can be swallowed.

7. Metabolism

Metabolismis the set of chemical reactions that occur in living organisms in order to

maintain life. These processes allow organisms to grow and reproduce, maintain their

structures, and respond to their environments. Metabolism is usually divided into two

categories. Catabolism breaks down organic matter, for example to harvest energy in cellular

respiration. Anabolism, on the other hand, uses energy to construct components of cells such

as proteins and nucleic acids. The chemical reactions of metabolism are organized into
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metabolic pathways, in which one chemical is transformed into another by a sequence of

enzymes. Enzymes are crucial to metabolism because they allow organisms to drive desirable

but thermodynamically unfavorable reactions by coupling them to favorable ones, and

because they act as catalysts to allow these reactions to proceed quickly and efficiently.

Enzymes also allow the regulation of metabolic pathways in response to changes in the cell's

environment or signals from other cells. The metabolism of an organism determines which

substances it will find nutritious and which it will find poisonous. For example, some

prokaryotes use hydrogen sulfide as a nutrient, yet this gas is poisonous to animals. The

speed of metabolism, the metabolic rate, also influences how much food an organism will

require. A striking feature of metabolism is the similarity of the basic metabolic pathways

between even vastly different species. For example, the set of carboxylic acids that are best

known as the intermediates in the citric acid cycle are present in all organisms, being found in

species as diverse as the unicellular bacteria Escherichia coli and huge multi-cellular

organisms like elephants. These striking similarities in metabolism are most likely the result

of the high efficiency of these pathways, and of their early appearance in evolutionary

history.

8. Regulation and control

Further information: Metabolic pathway, metabolic control analysis, hormone, regulatory

enzymes, and cell signaling As the environments of most organisms are constantly changing,

the reactions of metabolism must be finely regulated to maintain a constant set of conditions

within cells, a condition called homeostasis. Metabolic regulation also allows organisms to

respond to signals and interact actively with their environments. Two closely-linked concepts

are important for understanding how metabolic pathways are controlled. Firstly, the

regulation of an enzyme in a pathway is how its activity is increased and decreased in

response to signals. Secondly, the control exerted by this enzyme is the effect that these

changes in its activity have on the overall rate of the pathway (the flux through the pathway).

For example, an enzyme may show large changes in activity (i.e. it is highly regulated) but if

these changes have little effect on the flux of a metabolic pathway, then this enzyme is not

involved in the control of the pathway.

Effect of insulin on glucose uptake and metabolism

Insulin binds to its receptor:
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(1) Which in turn starts many protein activation cascade

(2) These include: translocation of Glut-4 transporter to the plasma membrane and influx of

glucose

(3) Glycogen synthesis

(4) Glycol sis

(5) and fatty acid synthesis

There are multiple levels of metabolic regulation. In intrinsic regulation, the metabolic

pathway self-regulates to respond to changes in the levels of substrates or products; for

example, a decrease in the amount of product can increase the flux through the pathway to

compensate. This type of regulation often involves allosteric regulation of the activities of

multiple enzymes in the pathway. Extrinsic control involves a cell in a multi-cellular

organism changing its metabolism in response to signals from other cells. These signals are

usually in the form of soluble messengers such as hormones and growth factors and are

detected by specific receptors on the cell surface. These signals are then transmitted inside

the cell by second messenger systems that often involved the phosphorylation of proteins. A

very well understood example of extrinsic control is the regulation of glucose metabolism by

the hormone insulin. Insulin is produced in response to rises in blood glucose levels. Binding

of the hormone to insulin receptors on cells then activates a cascade of protein kinases that

cause the cells to take up glucose and convert it into storage molecules such as fatty acids and

glycogen. The metabolism of glycogen is controlled by activity of phosphorylase, the enzyme

that breaks down glycogen, and glycogen synthase, the enzyme that makes it. These enzymes

are regulated in a reciprocal fashion, with phosphorylation inhibiting glycogen synthase, but

activating phosphorylase. Insulin causes glycogen synthesis by activating protein

phosphatases and producing a decrease in the phosphorylation of these enzymes.

9. Human equivalent

The human equivalent (H-e) indicates, for a given amount of energy expenditure, the

relative quantity of energy needed for human metabolism, assuming an average human

energy expenditure of 12,500kJ per day and a basal metabolic rate of 80 watts. For example,

if our bodies run (on average) at 80 watts, then a light bulb running at 100 watts is running at

1.25 human equivalents (100 80) i.e. 1.25 H-e. The human equivalent assists understanding

of energy flows in physical and biological systems by expressing energy units in human

terms: it provides a feel for the use of a given amount of energy. A professional cyclist can

maintain a rate of energy use of 400 watts, or 5 H-e, for a prolonged period.
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Topic : How The Mind Works

Topic Objective:

At the end of this topic student will be able to:

 Understand the Nervous System

 Learn about Central Nervous System

 Understand the Peripheral nervous system

 Learn about Ecological succession

 Understand the Changes in animal

 Learn about Microsuccession/Serule

 Understand the climax concept

Definition/Overview:

The human brain controls the central nervous system (CNS), by way of the cranial nerves and

spinal cord, the peripheral nervous system (PNS) and regulates virtually all human activity.

Involuntary, or "lower," actions, such as heart rate, respiration, and digestion, are

unconsciously governed by the brain, specifically through the autonomic nervous system.

Complex, or "higher," mental activity, such as thought, reason, and abstraction, is

consciously controlled. Anatomically, the brain can be divided into three parts: the forebrain,

midbrain, and hindbrain; the forebrain includes the several lobes of the cerebral cortex that

control higher functions, while the mid- and hindbrain are more involved with unconscious,

autonomic functions. During encephalization, human brain mass increased beyond that of

other species relative to body mass. This process was especially pronounced in the neocortex,

a section of the brain involved with language and consciousness. The neocortex accounts for

about 76% of the mass of the human brain; with a neocortex much larger than other animals,

humans enjoy unique mental capacities despite having a neuroarchitecture similar to that of

more primitive species. Basic systems that alert humans to stimuli, sense events in the

environment, and maintain homeostasis are similar to those of basic vertebrates. Human

consciousness is founded upon the extended capacity of the modern neocortex, as well as the

greatly developed structures of the brain stem.

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

27
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



Key Points:

1. Nervous System

The nervous system is a network of specialized cells that communicate information about an

animal's surroundings and itself. It processes this information and causes reactions in other

parts of the body. It is composed of neurons and other specialized cells called glia, that aid in

the function of the neurons. The nervous system is divided broadly into two categories: the

peripheral nervous system and the central nervous system. Neurons generate and conduct

impulses between and within the two systems. The peripheral nervous system is composed of

sensory neurons and the neurons that connect them to the nerve cord, spinal cord and brain,

which make up the central nervous system. In response to stimuli, sensory neurons generate

and propagate signals to the central nervous system which then processes and conducts

signals back to the muscles and glands. The neurons of the nervous systems of animals are

interconnected in complex arrangements and use electrochemical signals and

neurotransmitters to transmit impulses from one neuron to the next. The interaction of the

different neurons form neural circuits that regulate an organism's perception of the world and

what is going on with its body, thus regulating its behavior. Nervous systems are found in

many multi-cellular animals but differ greatly in complexity between species. The human

nervous system can be described both by gross anatomy, (which describes the parts that are

large enough to be seen with the naked eye,) and by microanatomy, (which describes the

system at a cellular level.) In gross anatomy, the nervous system can be divided into two

systems: the central nervous system (CNS) and the peripheral nervous system (PNS).

2. Central Nervous System

The central nervous system (CNS) is the largest part of the nervous system, and includes the

brain and spinal cord. The spinal cavity holds and protects the spinal cord, while the head

contains and protects the brain. The CNS is covered by the meninges, a three layered

protective coat. The brain is also protected by the skull, and the spinal cord is also protected

by the vertebrae.

Central

nervous

system

Brain Prosencephalon

Telencephalon
Rhinencephalon, Amygdala, Hippocampus,

Neocortex, Lateral ventricles

Diencephalon

Epithalamus, Thalamus, Hypothalamus,

Subthalamus, Pituitary gland, Pineal gland,

Third ventricle
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Brain stem

Mesencephalon
Tectum, Cerebral peduncle, Pretectum,

Mesencephalic duct

Rhombencephalon
Metencephalon Pons, Cerebellum,

Myelencephalon Medulla oblongata

Spinal cord

3. Peripheral nervous system

The PNS is a regional term for the collective nervous structures that do not lie in the CNS.

The bodies of the nerve cells lie in the CNS, either in the brain or the spinal cord, and the

longer of the cellular processes of these cells, known as axons, extend through the limbs and

the flesh of the torso. The large majority of the axons which are commonly called nerves, are

considered to be PNS. The cell bodies of afferent PNS nerves lie in the dorsal root ganglia.

4. Ecological succession

Ecological succession, a fundamental concept in ecology, refers to more-or-less predictable

and orderly changes in the composition or structure of an ecological community. Succession

may be initiated either by formation of new, unoccupied habitat (e.g., a lava flow or a severe

landslide) or by some form of disturbance (e.g. fire, severe wind-throw, logging) of an

existing community. Succession that begins in areas where no soil is initially present is called

primary succession, whereas succession that begins in areas where soil is already present is

called secondary succession.

Succession after disturbance: boreal forest one year (left) and two years (right) after a

wildfire.

The trajectory of ecological change can be influenced by site conditions, by the interactions

of the species present, and by more stochastic factors such as availability of colonists or

seeds, or weather conditions at the time of disturbance. Some of these factors contribute to

predictability of successional dynamics; others add more probabilistic elements. In general,

communities in early succession will be dominated by fast-growing, well-dispersed species

(opportunist, fugitive, or r-selected life-histories). As succession proceeds, these species will

tend to be replaced by more competitive (k-selected) species. Trends in ecosystem and

community properties in succession have been suggested, but few appear to be general. For

example, species diversity almost necessarily increases during early succession as new
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species arrive, but may decline in later succession as competition eliminates opportunistic

species and leads to dominance by locally superior competitors. Net Primary Productivity,

biomass, and trophic level properties all show variable patterns over succession, depending

on the particular system and site. Ecological succession was formerly seen as having a stable

end-stage called the climax (see Frederic Clements), sometimes referred to as the 'potential

vegetation' of a site, and shaped primarily by the local climate. This idea has been largely

abandoned by modern ecologists in favor of non-equilibrium ideas of how ecosystems

function. Most natural ecosystems experience disturbance at a rate that makes a "climax"

community unattainable. Climate change often occurs at a rate and frequency sufficient to

prevent arrival at a climax state. Additions to available species pools through range

expansions and introductions can also continually reshape communities. Many species are

specialized to exploit disturbances. In forests of northeastern North America trees such as

Betula alleghaniensis (Yellow birch) and Prunus serotina (Black cherry) are particularly well-

adapted to exploit large gaps in forest canopies, but are intolerant of shade and are eventually

replaced by other (shade-tolerant) species in the absence of disturbances that create such

gaps. The development of some ecosystem attributes, such as pedogenesis and nutrient

cycles, are both influenced by community properties, and, in turn, influence further

community development. This process may occur only over centuries or millennia. Coupled

with the stochastic nature of disturbance events and other long-term (e.g., climatic) changes,

such dynamics make it doubtful whether the 'climax' concept ever applies or is particularly

useful in considering actual vegetation.

5. Changes in animal life

Animal life also exhibit changes with changing communities. In lichen stage the fauna is

sparse. It comprises few mites, ants and spiders living in the cracks and crevices. The fauna

undergoes a qualitative increase during herb grass sage. The animals found during this stage

include nematodes, insects larvae, ants, spiders, mites, etc. The animal population increases

and is riches with the development of forest climax community. The fauna consists of

invertebrates like slugs, snails, worms, millipedes, centipedes, ants, bugs; and vertebrates

such as squirrels, foxes, mouse, moles, snakes, various birds, salamanders and frogs.

6. Microsuccession/Serule

Succession of microorganisms like fungi, bacteria, etc occurring within a microhabitat is

known as microsuccession or serule. This type of succession occurs within communities, for

example in dead trees, animal droppings, etc.
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7. The climax concept

According to classical ecological theory, succession stops when the sere has arrived at an

equilibrium or steady state with the physical and biotic environment. At this point the

community is stable and self-replication. Barring major disturbances, it will persist

indefinitely. This end point of succession is called climax.

8. Climax community

The final or stable community in a sere is the climax community or climatic vegetation. It is

self-perpetuating and in equilibrium with the physical habitat. There in no net annual

accumulation of organic matter in a climax community mostly. The annual production and

important is balanced in such a community.

9. Characteristics of climax

 The vegetation is tolerant of environmental conditions.

 It has a wide diversity of species, a well-drained spatial structure, and complex food chains.

 The climax ecosystem is balanced. There is equilibrium between gross primary production

and total respiration, between energy used from sunlight and energy released by

decomposition, between uptake of nutrients from the soil and the return of nutrient by littefall

to the soil.

 Individuals in the climax stage are replaced by others of the same kind. Thus the species

composition maintains equilibrium.

 It is an index of the climate of the area. The life or growth forms indicate the climatic type.

10. Types of climax

10.1 Climatic Climax: If there is only a single climax and the development of climax

community is controlled by the climate of the region, it is termed as climatic climax.

For example, development of Maple-beech climax community over the moist soil.

Climatic climax is theoretical and develops where physical conditions of the substrate

are not so extreme as to modify the effects of the prevailing regional climate.

10.2. Edaphic Climax: When there are more than one climax communities in the

region, modified by local conditions of the substrate such as soil moisture, soil

nutrients, topography, slope exposure, fire, and animal activity, it is called edaphic

climax. Succession ends in an edaphic climax where topography, soil, water, fire, or

other disturbances are such that a climatic climax cannot develop.

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

31
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



10.3 Catastrophic Climax:Climax vegetation vulnerable to a catastrophic event such

as a wildfire. For example, in California, chaparral vegetation is the final vegetation.

The wildfire removes the mature vegetation and decomposers. A rapid development

of herbaceous vegetation follows until the shrub dominance is re-established. This is

known as catastrophic climax.

10.4 Disclimax:When a stable community, which is not the climatic or edaphic

climax for the give site, is maintained by man or his domestic animals, it is designated

as Disclimax (disturbance climax) or anthropogenic subclimax (man-generated). For

example, overgrazing by stock may produce a desert community of bushes and cacti

where the local climate actually would allow grassland to maintain itself.

10.5 Subclimax:The prolonged stage in succession just preceding the climatic climax

is subclimax.

10.6 Preclimax and Postclimax: In certain areas different climax communities

develop under similar climatic conditions. If the community has life forms lower than

those in the expected climatic climax, it is called preclimax; a community that has life

forms higher than those in the expected climatic climax is postclimax. Preclimax

strips develop in less moist and hotter areas, whereas Postclimax strands develop in

more moist and cooler areas than that of surrounding climate.

11. Theories regarding nature of climax

There are three schools of interpretations explaining the climax concept:

 Monoclimax or Climatic Climax Theory was advanced by Clements (1916) and recognizes

only one climax whose characteristics are determined solely by climate (climatic climax).

The processes of succession and modification of environment overcome the effects of

differences in topography, parent material of the soil, and other factors. The whole area

would be covered with uniform plant community. Communities other than the climax and are

related to it, are related to it, and are recognized as subclimax, postclimax and disclimax.

 Polyclimax Theory was advanced by Tansley (1935). It proposes that the climax vegetation

of a region consists of more one vegetation climaxes controlled by soil moisture, soil

nutrients, topography, slope exposure, fire, and animal activity.
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 Climax Pattern Theory was proposed by Whittaker (1953). The climax pattern theory

recognizes a variety of climaxes governed by responses of species populations to biotic and

abiotic conditions. According to this theory the total environment of the ecosystem

determines the composition, species structure, and balance of a climax community. The

environment includes the species responses to moisture, temperature, and nutrients, their

biotic relationships, availability of flora and fauna to colonize the area, chance dispersal of

seeds and animals, soils, climate, and disturbance such as fire and wind. The nature of climax

vegetation will change as the environment changes. The climax community represents a

pattern of populations that corresponds to and changes with the pattern of environment. The

central and most widespread community is the climatic

In Section 2 of this course you will cover these topics:
Human Senses

How The Body Interacts With The Environment

Body Rhythms, Work Schedules, And Effects Of Alcohol
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Topic : Human Senses

Topic Objective:

At the end of this topic student will be able to:

 Understand the Human eye

 Olfactory bulb projections

 Learn about Vergence movement

 Understand the Auditory system

 Learn about Olfactory Sense
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 Understand the Olfactory epithelium

 Learn about Receptor neuron

Definition/Overview:

Senses are the physiological methods of perception. The senses and their operation,

classification, and theory are overlapping topics studied by a variety of fields, most notably

neuroscience, cognitive psychology (or cognitive science), and philosophy of perception. The

nervous system has a specific sensory system, or organ, dedicated to each sense.

Key Points:

1. Human eye

The human eye is a significant human sense organ. It allows humans conscious light

perception, vision, which includes color differentiation and the perception of depth. The

human eye has a 200 viewing angle and can see 10 million colors.

1.1 Vergence movement

When a creature with binocular vision looks at an object, the eyes must rotate around

a vertical axis so that the projection of the image is in the centre of the retina in both

eyes. To look at an object closer by, the eyes rotate 'towards each other'

(convergence), while for an object farther away they rotate 'away from each other'

(divergence). Exaggerated convergence is called cross eyed viewing (focusing on the

nose for example) . When looking into the distance, or when 'staring into

nothingness', the eyes neither converge nor diverge. Vergence movements are closely

connected to accommodation of the eye. Under normal conditions, changing the focus

of the eyes to look at an object at a different distance will automatically cause

vergence and accommodation.

The two eyes converge to point to the same object.

There are many diseases, disorders, and age-related changes that may affect the eyes

and surrounding structures. As the eye ages certain changes occur that can be

attributed solely to the aging process. Most of these anatomic and physiologic
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processes follow a gradual decline. With aging, the quality of vision worsens due to

reasons independent of aging eye diseases. While there are many changes of

significance in the non-diseased eye, the most functionally important changes seem to

be a reduction in pupil size and the loss of accommodation or focusing capability

(presbyopia). The area of the pupil governs the amount of light that can reach the

retina. The extent to which the pupil dilates also decreases with age. Because of the

smaller pupil size, older eyes receive much less light at the retina. In comparison to

younger people, it is as though older persons wear medium-density sunglasses in

bright light and extremely dark glasses in dim light. Therefore, for any detailed

visually guided tasks on which performance varies with illumination, older persons

require extra lighting. Certain ocular diseases can come from sexually transmitted

diseases such as herpes and genital warts. If contact between eye and area of infection

occurs, the STD can be transmitted to the eye. With aging a prominent white ring

develops in the periphery of the cornea- called arcus senilis. Aging causes laxity and

downward shift of eyelid tissues and atrophy of the orbital fat. These changes

contribute to the etiology of several eyelid disorders such as ectropion, entropion,

dermatochalasis, and ptosis. The vitreous gel undergoes liquefaction (posterior

vitreous detachment or PVD) and its opacities visible as floaters gradually increase in

number. Various eye care professionals, including ophthalmologists, optometrists, and

opticians, are involved in the treatment and management of ocular and vision

disorders. A Snellen chart is one type of eye chart used to measure visual acuity. At

the conclusion of an eye examination, an eye doctor may provide the patient with an

eyeglass prescription for corrective lenses. Some disorders of the eyes for which

corrective lenses are prescribed include myopia (near-sightedness) which affects one-

third of the population, hyperopia (far-sightedness) which affects one quarter of the

population, and presbyopia, a loss of focusing range due to aging.

2. Auditory system

The folds of cartilage surrounding the ear canal are called the pinna. Sound waves are

reflected and attenuated when they hit the pinna, and these changes provide additional

information that will help the brain determine the direction from which the sounds came. The

sound waves enter the auditory canal, a deceptively simple tube. The ear canal amplifies

sounds that are between 3 and 12 kHz. At the far end of the ear canal is the eardrum (or

tympanic membrane), which marks the beginning of the middle ear.
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Anatomy of the human ear. (The length of the auditory canal is exaggerated in this image)

Sound waves traveling through the ear canal will hit the tympanic membrane, or eardrum.

This wave information travels across the air-filled middle ear cavity via a series of delicate

bones: the malleus (hammer), incus (anvil) and stapes (stirrup). These ossicles act as a lever

and a teletype, converting the lower-pressure eardrum sound vibrations into higher-pressure

sound vibrations at another, smaller membrane called the oval (or elliptical) window. The

malleus articulates with the tympanic membrane via the manubrium, where the stapes

articulates with the oval window via its footplate. Higher pressure is necessary because the

inner ear beyond the oval window contains liquid rather than air. The sound is not amplified

uniformly across the ossicular chain. The auditory reflex of the middle ear muscles helps

protect the inner ear from damage. The middle ear still contains the sound information in

wave form; it is converted to nerve impulses in the cochlea.

Cochlea

Diagrammatic longitudinal section of the cochlea.

Scala media is labeled as ductus cochlearis at right.

The inner ear consists of the cochlea and several non-auditory structures. The cochlea has

three fluid-filled sections, and supports a fluid wave driven by pressure across the basilar

membrane separating two of the sections. Strikingly, one section, called the cochlear duct or

scala media, contains an extracellular fluid similar in composition to endolymph, which is

usually found inside of cells. The organ of Corti is located at this duct, and transforms

mechanical waves to electric signals in neurons. The other two sections are known as the

scala tympani and the scala vestibuli, these are located within the bony labyrinth which is

filled with fluid called perilymph. The chemical difference between the two fluids

(endolymph & perilymph) is important for the function of the inner ear.

3. Olfactory Sense

Olfaction (also known as olfactics or smell) refers to the sense of smell. This sense is

mediated by specialized sensory cells of the nasal cavity of vertebrates, and, by analogy,

sensory cells of the antennae of invertebrates. For air-breathing animals, the olfactory system

detects volatile or, in the case of the accessory olfactory system, fluid-phase chemicals. For

water-dwelling organisms, e.g., fish or crustaceans, the chemicals are present in the

surrounding aqueous medium. Olfaction, along with taste, is a form of chemoreception. The
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chemicals themselves which activate the olfactory system, generally at very low

concentrations, are called odors.

3.1 Olfactory epithelium

In vertebrates smells are sensed by olfactory sensory neurons in the olfactory

epithelium. The proportion of olfactory epithelium compared to respiratory epithelium

(not innervated) gives an indication of the animal's olfactory sensitivity. Humans have

about 10 cm of olfactory epithelium, whereas some dogs have 170 cm2. A dog's

olfactory epithelium is also considerably more densely innervated, with a hundred

times more receptors per square centimetre. Molecules of odorants passing through

the superior nasal concha of the nasal passages dissolve in the mucus lining the

superior portion of the cavity and are detected by olfactory receptors on the dendrites

of the olfactory sensory neurons. This may occur by diffusion or by the binding of the

odorant to odorant binding proteins. The mucus overlying the epithelium contains

mucopolysaccharides, salts, enzymes, and antibodies (these are highly important, as

the olfactory neurons provide a direct passage for infection to pass to the brain). In

insects smells are sensed by olfactory sensory neurons in the chemosensory sensilla,

which are present in insect antenna, palps and tarsa, but also on other parts of the

insect body. Odorants penetrate into the cuticle pores of chemosensory sensilla and

get in contact with insect Odorant binding proteins (OBPs) or chemosensory proteins

(CSPs), before activating the sensory neurons.

3.2 Receptor neuron

The process of how the binding of the ligand (odor molecule or odorant) to the

receptor leads to an action potential in the receptor neuron is via a second messenger

pathway depending on the organism. In mammals the odorants stimulate adenylate

cyclase to synthesize cAMP via a G protein called Golf. cAMP, which is the second

messenger here, opens a cyclic nucleotide-gated ion channel (CNG) producing an

influx of cations (largely Ca2+ with some Na+) into the cell, slightly depolarizing it.

The Ca2+ in turn opens a Ca2+-activated chloride channel, leading to efflux of Cl-,

further depolarizing the cell and triggering an action potential. Ca2+ is then extruded

through a sodium-calcium exchanger. A calcium-calmodulin complex also acts to

inhibit the binding of cAMP to the cAMP-dependent channel, thus contributing to

olfactory adaptation. This mechanism of transduction is somewhat unique, in that

cAMP works by directly binding to the ion channel rather than through activation of

protein kinase A. It is similar to the transduction mechanism for photoreceptors, in
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which the second messenger cGMP works by directly binding to ion channels,

suggesting that maybe one of these receptors was evolutionarily adapted into the

other. There are also considerable similarities in the immediate processing of stimuli

by lateral inhibition. Averaged activity of the receptor neurons can be measured in

several ways. In vertebrates responses to an odor can be measured by an

electroolfactogram or through calcium imaging of receptor neuron terminals in the

olfactory bulb. In insects, one can perform electroantenogram or also calcium imaging

within the olfactory bulb. Thereceptor neurons in the nose are particularly interesting

because they are the only direct recipient of stimuli in all of the senses which are

nerves. Senses like hearing, tasting, and, to some extent, touch use cilia or other

indirect pressure to stimulate nerves, and sight uses the chemical Rhodopsin to

stimulate the brain.

3.3 Olfactory bulb projections

Olfactory sensory neurons project axons to the brain within the olfactory nerve,

(cranial nerve I). These axons pass to the olfactory bulb through the cribriform plate,

which in turn projects olfactory information to the olfactory cortex and other areas.

The axons from the olfactory receptors converge in the olfactory bulb within small

(~50 micrometers in diameter) structures called glomeruli. Mitral cells in the olfactory

bulb form synapses with the axons within glomeruli and send the information about

the odor to multiple other parts of the olfactory system in the brain, where multiple

signals may be processed to form a synthesized olfactory perception. There is a large

degree of convergence here, with twenty-five thousand axons synapsing on one

hundred or so mitral cells, and with each of these mitral cells projecting to multiple

glomeruli. Mitral cells also project to periglomerular cells and granular cells that

inhibit the mitral cells surrounding it (lateral inhibition). Granular cells also mediate

inhibition and excitation of mitral cells through pathways from centrifugal fibres and

the anterior olfactory nuclei.

The mitral cells leave the olfactory bulb in the lateral olfactory tract, which synapses

on five major regions of the cerebrum: the anterior olfactory nucleus, the olfactory

tubercle, the amygdala, the piriform cortex, and the entorhinal cortex. The anterior

olfactory nucleus projects, via the anterior commissure, to the contralateral olfactory

bulb, inhibiting it. The piriform cortex projects to the medial dorsal nucleus of the

thalamus, which then projects to the orbitofrontal cortex. The orbitofrontal cortex

mediates conscious perception of the odor. The 3-layered piriform cortex projects to a
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number of thalamic and hypothalamic nuclei, the hippocampus and amygdala and the

orbitofrontal cortex but its function is largely unknown. The entorhinal cortex projects

to the amygdala and is involved in emotional and autonomic responses to odor. It also

projects to the hippocampus and is involved in motivation and memory. Odor

information is easily stored in long-term memory and has strong connections to

emotionalmemory. This is possibly due to the olfactory system's close anatomical ties

to the limbic system and hippocampus, areas of the brain that have long been known

to be involved in emotion and place memory, respectively. Since any one receptor is

responsive to various odorants, and there is a great deal of convergence at the level of

the olfactory bulb, it seems strange that human beings are able to distinguish so many

different odors. It seems that there must be a highly-complex form of processing

occurring; however, as it can be shown that, while many neurons in the olfactory bulb

(and even the pyriform cortex and amygdala) are responsive to many different odors,

half the neurons in the orbitofrontal cortex are responsive only to one odor, and the

rest to only a few. It has been shown through microelectrode studies that each

individual odor gives a particular specific spatial map of excitation in the olfactory

bulb. It is possible that, through spatial encoding, the brain is able to distinguish

specific odors. However, temporal coding must be taken into account. Over time, the

spatial maps change, even for one particular odor, and the brain must be able to

process these details as well. In insects smells are sensed by sensilla located on the

antenna and first processed by the antennal lobe (analogous to the olfactory bulb), and

next by the mushroom bodies.

3.4 Pheromonal olfaction

Many animals, including most mammals and reptiles, have two distinct and

segregated olfactory systems: a main olfactory system, which detects volatile stimuli,

and an accessory olfactory system, which detects fluid-phase stimuli. Behavioral

evidence suggests that these fluid-phase stimuli often function as pheromones,

although pheromones can also be detected by the main olfactory system. In the

accessory olfactory system, stimuli are detected by the vomeronasal organ, located in

the vomer, between the nose and the mouth. Snakes use it to smell prey, sticking their

tongue out and touching it to the organ. Some mammals make a face called flehmen

to direct air to this organ. In women, the sense of olfaction is strongest around the

time of ovulation, significantly stronger than during other phases of the menstrual

cycle and also stronger than the sense in males. The MHC genes (known as HLA in
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humans) are a group of genes present in many animals and important for the immune

system; in general, offspring from parents with differing MHC genes have a stronger

immune system. Fish, mice and female humans are able to smell some aspect of the

MHC genes of potential sex partners and prefer partners with MHC genes different

from their own.

3.5 Olfaction and taste

Olfaction, taste and trigeminal receptors together contribute to flavor. The human

tongue can distinguish only among five distinct qualities of taste, while the nose can

distinguish among hundreds of substances, even in minute quantities.

3.6 Disorders of olfaction

The following are disorders of olfaction:

Anosmia - lack of ability to smell

Hyposmia - decreased ability to smell

Phantosmia - "hallucinated smell", often unpleasant in nature

Dysosmia - things smell differently than they should

Hyperosmia - an abnormally acute sense of smell

4. Equilibrioception

Equilibrioception or sense of balance is one of the physiological senses. It helps prevent

humans and animals from falling over when walking or standing still. In humans,

equilibrioception is mainly sensed by the detection of acceleration, which occurs in the

vestibular system. Other senses play roles as well, e.g. the visual system and proprioception.

The importance of visual input for balance is illustrated by its being harder to stand on one

foot with eyes closed than with eyes open. The sense of balance, usually, deteriorates in

process of aging of a person. However, it can be improved considerably with the help of

special training.

4.1 Vestibular system

In the vestibular system, equilibrioception is determined by the level of fluid properly

called endolymph in the labyrinth - a complex set of tubing in the inner ear.

4.2 Dysfunction

When the sense of balance is interrupted it causes dizziness, disorientation and

nausea. Balance can be upset by Meniere's disease, superior canal dehiscence

syndrome, an inner ear infection, by a bad common cold affecting the head or a

number of other medical conditions. It can also be temporarily disturbed by strong

acceleration, for example riding on a merry-go-round. See also vertigo. Most
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astronauts find that their sense of balance is impaired when in orbit because they are

in a constant state of weightlessness. This causes a form of motion sickness called

space adaptation syndrome

Topic : How The Body Interacts With The Environment

Topic Objective:

At the end of this topic student will be able to:

 Understand the Thermoregulation

 Rate of change of acceleration

 Learn about Health effects of weightlessness

 Understand the Weightlessness

 Learn about Health effects of weightlessness

 Understand the Human tolerance

 Learn about Vertical axis g-force

 Understand the Horizontal axis g-force

Definition/Overview:

Thermoregulation is the ability of an organism to keep its body temperature within certain

boundaries, even when temperature surrounding is very different. This process is one aspect

of homeostasis: a dynamic state of stability between an animal's internal environment and its

external environment (the study of such processes in zoology has been called ecophysiology

or physiological ecology). If the body is unable to maintain a normal temperature and it

increases significantly above normal, a condition known as hyperthermia occurs. The

opposite condition, when body temperature decreases below normal levels, is known as

hypothermia. Weightlessness is a phenomenon experienced by people during free-fall.

Although the term zero gravity is often used as a synonym, weightlessness in orbit is not the
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result of the force of gravity being eliminated or even significantly reduced (in fact, the

acceleration towards Earth due to gravity at an altitude of 100 km is only 3% less than at the

Earths surface). Weightlessness typically occurs when an object or person is falling freely, in

orbit, in deep space (far from a planet, star, or other massive body), in an airplane following a

particular parabolic flight path (e.g., the Vomit Comet), or in one of several other more

unusual situations.

Key Points:

1. Thermoregulation

The human thermoregulation is an important aspect of human homeostasis. Humans have

been able to adapt to a great diversity of climates, including hot humid and hot arid. High

temperatures pose serious stresses for the human body, placing it in great danger of injury or

even death. In order to deal with these climatic conditions, humans have developed

physiologic and cultural modes of adaptation. The skin assists in homeostasis (keeping

different aspects of the body constant e.g. temperature). It does this by reacting differently to

hot and cold conditions so that the inner body temperature remains more or less constant.

Vasodilation and sweating are the primary modes by which humans attempt to lose excess

body heat. The effectiveness of these methods is influenced by the character of the climate

and the degree to which the individual is acclimatized

1.1 In hot conditions

Sweat glands under the skin secrete sweat (a fluid containing mostly water with

some dissolved ions) which travels up the sweat duct, through the sweat pore

and onto the surface of the skin. This causes heat loss by evaporation;

however, a lot of essential water is lost.

The hairs on the skin lie flat, preventing heat from being trapped by the layer of

still air between the hairs. This is caused by tiny muscles under the surface of

the skin called arrector pili muscles relaxing so that its attached hair follicle is

not erect. These flat hairs increase the flow of air next to the skin increasing

heat loss by convection and conduction.
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Arterioles carrying blood to the superficial capillaries under the surface of the skin

can swell (dilate) so that more heat is carried by the blood and is lost to the air,

increasing heat loss by radiation and conduction. This is called vasodilation.

1.2 In cold conditions

Sweat stops being produced.

The minute muscles under the surface of the skin called erector muscles (attached

to an individual hair follicle) contract (piloerection), lifting the hair follicle

upright. This makes our hairs stand on end which acts as an insulating layer,

trapping heat. This is what also causes goose pimples since humans don't have

very much hair and the contracted muscles can easily be seen.

Arterioles carrying blood to superficial capillaries under the surface of the skin

can shrink (constrict) so that less heat is carried by the blood and lost to the

surroundings. This process is called vasoconstriction. It is impossible to

prevent all heat loss from the blood, only to reduce it. In extremely cold

conditions excessive vasoconstriction leads to numbness and frostbite.

Muscles can also receive messages from the thermo-regulatory centre of the brain

(the hypothalamus) to cause shivering. This increases heat production as

respiration is an exothermic reaction in muscle cells that accelerates when they

contract. The process explained above, in which the skin regulates body

temperature, is called thermoregulation. This is also called homeostasis or is a

part of homeostasis since it is keeping conditions in the body relatively

constant.

2. Health effects of weightlessness

Following the advent of space stations that can be inhabited for long periods of time,

exposure to weightlessness has been demonstrated to have some deleterious effects on human

health. Humans are well-adapted to the physical conditions at the surface of the Earth. In

response to an extended period of weightlessness, various physiological systems begin to

change and atrophy. Though these changes are usually temporary, long term health issues can

result. The most common problem experienced by humans in the initial hours of
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weightlessness is known as space adaptation syndrome or SAS, commonly referred to as

space sickness. Symptoms of SAS include nausea and vomiting, vertigo, headaches, lethargy,

and overall malaise. The first case of SAS was reported by cosmonaut Gherman Titov in

1961. Since then, roughly 45% of all people who have flown in space have suffered from this

condition. The duration of space sickness varies, but in no case has it lasted for more than 72

hours, after which the body adjusts to the new environment. NASA jokingly measures SAS

using the "Garn scale", named for United States Senator Jake Garn, whose SAS during STS-

51-D was the worst on record. Accordingly, one "Garn" is equivalent to the most severe

possible case of SAS. The most significant adverse effects of long-term weightlessness are

muscle atrophy and deterioration of the skeleton, or spaceflight osteopenia. These effects can

be minimized through a regimen of exercise. Other significant effects include fluid

redistribution, a slowing of the cardiovascular system, decreased production of red blood

cells, balance disorders, and a weakening of the immune system. Lesser symptoms include

loss of body mass, nasal congestion, sleep disturbance, excess flatulence, and puffiness of the

face. These effects begin to reverse quickly upon return to the Earth. Many of the conditions

caused by exposure to weightlessness are similar to those resulting from aging. Scientists

believe that studies of the detrimental effects of weightlessness could have medical benefits,

such as a possible treatment for osteoporosis and improved medical care for the bed-ridden

and elderly.

3. Weightlessness

Weightlessness is a phenomenon experienced by people during free-fall. Although the term

zero gravity is often used as a synonym, weightlessness in orbit is not the result of the force

of gravity being eliminated or even significantly reduced (in fact, the force of the Earth's

gravity at an altitude of 100 km is only 3% less than at the Earths surface). Weightlessness

typically occurs when an object or person is falling freely, in orbit, in deep space (far from a

planet, star, or other massive body), in an airplane following a particular parabolic flight path

(e.g., the Vomit Comet), or in one of several other more unusual situations.

3.1 Health effects of weightlessness

Following the advent of space stations that can be inhabited for long periods of time,

exposure to weightlessness has been demonstrated to have some deleterious effects on

human health. Humans are well-adapted to the physical conditions at the surface of

the Earth. In response to an extended period of weightlessness, various physiological
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systems begin to change and atrophy. Though these changes are usually temporary,

long term health issues can result. The most common problem experienced by humans

in the initial hours of weightlessness is known as space adaptation syndrome or SAS,

commonly referred to as space sickness. Symptoms of SAS include nausea and

vomiting, vertigo, headaches, lethargy, and overall malaise. The first case of SAS was

reported by cosmonaut Gherman Titov in 1961. Since then, roughly 45% of all people

who have flown in space have suffered from this condition. The duration of space

sickness varies, but in no case has it lasted for more than 72 hours, after which the

body adjusts to the new environment. NASA jokingly measures SAS using the "Garn

scale", named for United States Senator Jake Garn, whose SAS during STS-51-D was

the worst on record. Accordingly, one "Garn" is equivalent to the most severe

possible case of SAS. The most significant adverse effects of long-term

weightlessness are muscle atrophy and deterioration of the skeleton, or spaceflight

osteopenia. These effects can be minimized through a regimen of exercise. Other

significant effects include fluid redistribution, a slowing of the cardiovascular system,

decreased production of red blood cells, balance disorders, and a weakening of the

immune system. Lesser symptoms include loss of body mass, nasal congestion, sleep

disturbance, excess flatulence, and puffiness of the face. These effects begin to

reverse quickly upon return to the Earth. Many of the conditions caused by exposure

to weightlessness are similar to those resulting from aging. Scientists believe that

studies of the detrimental effects of weightlessness could have medical benefits, such

as a possible treatment for osteoporosis and improved medical care for the bed-ridden

and elderly.

3.2 Effects on non-human organisms

Russian scientists have observed differences between cockroaches conceived in space

and their terrestrial counterparts. The space-conceived cockroaches grew more

quickly, and also grew up to be faster and tougher. Fowl eggs which are fertilized in

microgravity may not develop properly.

4. Human tolerance

Human tolerances depend on the magnitude of the g-force, the length of time it is applied, the

direction it acts, the location of application, and the posture of the body.
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The human body is flexible and deformable, particularly the softer tissues. A hard slap on the

face may briefly impose hundreds of g locally but not produce any real damage; a constant 16

g for a minute, however, may be deadly. When vibration is experienced, relatively low peak g

levels can be severely damaging if they are at the resonance frequency of organs and

connective tissues.

To some degree, g-tolerance can be trainable, and there is also considerable variation in

innate ability between individuals. In addition, some illnesses, particularly cardiovascular

problems, reduce g-tolerance.

4.1 Vertical axis g-force

Aircraft, in particular, exert g-force along the axis aligned with the spine. This causes

significant variation in blood pressure along the length of the subject's body, which

limits the maximum g-forces that can be tolerated. In aircraft, g-forces are often

towards the feet, which forces blood away from the head; this causes problems with

the eyes and brain in particular. As g-forces increase brownout/grey-out can occur,

where the vision loses hue. If g-force is increased further tunnel vision will appear,

and then at still higher g, loss of vision, while consciousness is maintained. This is

termed "blacking out". Beyond this point loss of consciousness will occur, sometimes

known as "G-LOC" ("loc" stands for "loss of consciousness"). While tolerance varies,

a typical person can handle about 5 g (49m/s) before g-loc, but through the

combination of special g-suits and efforts to strain musclesboth of which act to force

blood back into the brainmodern pilots can typically handle 9 g (88 m/s) sustained

(for a period of time) or more (see High-G training). Resistance to "negative" or

upward g's, which drive blood to the head, is much lower. This limit is typically in the

−2 to −3 g (−20 m/s to −30 m/s) range. The subject's vision turns red, referred to as a

red out. This is probably because capillaries in the eyes swell or burst under the

increased blood pressure.

4.2 Horizontal axis g-force

The human body is better at surviving g-forces that are perpendicular to the spine. In

general when the acceleration is forwards, so that the g-force pushes the body

backwards (colloquially known as "eyeballs in") a much higher tolerance is shown

than when the acceleration is backwards, and the g-force is pushing the body forwards

("eyeballs out") since blood vessels in the retina appear more sensitive in the latter

direction. Early experiments showed that untrained humans were able to tolerate 17 g
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eyeballs-in (compared to 12 g eyeballs-out) for several minutes without loss of

consciousness or apparent long-term harm.

4.3 Rate of change of acceleration

The rate of change in acceleration is known as jerk (also jolt, surge, and lurch). Jerk is

a concern, for instance, in the design of elevators, where a sudden lurching motion at

the beginning and end of the ride would be uncomfortable for passengers. Expressed

in SI units, jerk is measured in m/s3 or ft/s3. In non-SI units, jerk can be expressed

simply as gees per second (g/s). Jerk can be thought of as the rate at which an

automobile driver applies force to the brake pedal. A high performance automobile

can decelerate at 1 g. If the driver were to quickly stomp on the brake pedal with full

force, the occupants will experience the full 1 g of deceleration in only a fraction of a

second; a jerk of 5 g/s or greater. However, if the driver applies that same full force

onto the brake pedal but applies it gradually over a period of two seconds, the

abruptness is much gentler, with a jerk of only 0.5 g/s.

Topic Objective:

At the end of this topic student will be able to:

 Understand the Circadian Rhythms

 Learn about Human health

 Understand the Disruption

 Learn about Sleep

 Understand the Restoration

 Learn about Anabolic/catabolic

 Understand the Ontogenesis

 Learn about Memory processing
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Definition/Overview:

Circadian Rhythms: A circadian rhythm is a roughly-24-hour cycle in the biochemical,

physiological or behavioral processes of living beings, including plants, animals, fungi and

cyanobacteria.

Sleep: Sleep is the natural state of bodily rest observed in humans and other animals

Key Points:

1. Circadian Rhythms

A circadian rhythm is a roughly-24-hour cycle in the biochemical, physiological or

behavioural processes of living beings, including plants, animals, fungi and cyanobacteria.

The term "circadian", coined by Franz Halberg, comes from the Latin circa, "around", and

diem or dies, "day", meaning literally "approximately one day." The formal study of

biological temporal rhythms such as daily, tidal, weekly, seasonal, and annual rhythms is

called chronobiology. Circadian rhythms are endogenously generated, and can be entrained

by external cues, called Zeitgebers. The primary one is daylight. These rhythms allow

organisms to anticipate and prepare for precise and regular environmental changes.

2. Human health

Timing of medical treatment in coordination with the body clock may significantly increase

efficacy and reduce drug toxicity or adverse reactions. For example, appropriately timed

treatment with angiotensin converting enzyme inhibitors (ACEi) may reduce nocturnal blood

pressure and also benefit left ventricular (reverse) remodeling. A number of studies have also

concluded that a short period of sleep during the day (commonly referred to as a power-nap)

does not have any effect on normal circadian rhythm, yet a power-nap can decrease stress and

improve productivity. There are many health problems associated with a disturbance in the

human circadian rhythm, such as seasonal affective disorder (SAD), delayed sleep phase

syndrome (DSPS) and other circadian rhythm disorders. Circadian rhythms also play a part in

the reticular activating system which is crucial for maintaining a state of consciousness. In

addition, a reversal in the sleep-wake cycle may be a sign or complication of uremia,

azotemia or acute renal failure.
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3. Disruption

Disruption to rhythms usually has a negative effect. Many travelers have experienced the

condition known as jet lag, with its associated symptoms of fatigue, disorientation and

insomnia. A number of other disorders, for example bipolar disorder and some sleep

disorders, are associated with irregular or pathological functioning of circadian rhythms.

Recent research suggests that circadian rhythm disturbances found in bipolar disorder are

positively influenced by lithium's effect on clock genes. Disruption to rhythms in the longer

term is believed to have significant adverse health consequences on peripheral organs outside

the brain, particularly in the development or exacerbation of cardiovascular disease. The

suppression of melatonin production associated with the disruption of the circadian rhythm

may increase the risk of developing cancer.

4. Sleep

Sleep is the natural state of bodily rest observed in humans and other animals. It is common

to all mammals and birds, and is also seen in many reptiles, amphibians and fish. In humans,

other mammals, and a substantial majority of other animals which have been studied, such as

some species of fish, birds, ants and fruit-flies, regular sleep is essential for survival. A

widely publicized 2003 study performed at the University Of Pennsylvania School Of

Medicine demonstrated that cognitive performance in humans declines with fewer than eight

hours of sleep. However, the purposes of sleep are only partly clear and are the subject of

intense research.[2 The multiple theories proposed to explain the function of sleep reflect the

as yet incomplete understanding of the subject. It is likely that sleep evolved to fulfill some

primeval function, but has taken over multiple functions over time as organisms have evolved

as with the larynx which today performs multiple functions such as controlling the passage of

food and air, phonation for communicating, and social purposes. Some of the many proposed

functions of sleep are as follows.

5. Restoration

Wound healing has been shown to be affected by sleep. A study conducted by Gumustekin et

al. in 2004 shows sleep deprivation hindering the healing of burns on rats. It has also been

shown that sleep deprivation affects the immune system. In a study by Zager et al. in 2007,

rats were deprived of sleep for 24 hours. When compared with a control group, the sleep-

deprived rats' blood tests indicated a 20% decrease in white blood cell count, a significant

change in the immune system. It has yet to be clearly proven that sleep duration affects

somatic growth. One study by Jenni et al. in 2007 recorded growth, height and weight, as

correlated to parent-reported time-in-bed in 305 children over a period of nine years (age
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110). It was found that "the variation of sleep duration among children does not seem to have

an effect on growth". It has been shown that sleep, more specifically slow-wave sleep (SWS),

does affect growth hormone levels in adult men. During eight hours sleep, Van Cauter,

Leproult, and Plat found that the men with a high percentage of SWS (average 24%) also had

high growth hormone secretion, while subjects with a low percentage of SWS (average 9%)

had low growth hormone secretion. There are multiple arguments supporting the restorative

function of sleep. We are rested after sleeping and it is natural to assume that this is a basic

purpose of sleep. The metabolic phase during sleep is anabolic; anabolic hormones such as

growth hormones as mentioned above are secreted preferentially during sleep. The duration

of sleep among species is, in general, inversely related to the animal size and directly related

to basal metabolic rate. Rats with a very high basal metabolic rate sleep for up to 14 hours a

day where as elephants and giraffes with lower BMRs sleep only 34 hours per day. Energy

conservation could as well have been accomplished by resting quiescent without shutting off

the organism from the environment, potentially a dangerous situation. A sedentary non-

sleeping animal is more likely to survive predators, while still preserving energy. Sleep

therefore seems to serve another purpose, or other purposes, than simply conserving energy:

for example, hibernating animals waking up from hibernation go into rebound sleep because

of lack of sleep during the hibernation period. They are definitely well rested and are

conserving energy during hibernation, but need sleep for something else. Rats kept awake

indefinitely develop skin lesions, hyperphagia, loss of body mass, hypothermia, and

eventually septicemia and death.

6. Anabolic/catabolic

Non-REM sleep may be an anabolic state marked by physiological processes of growth and

rejuvenation of the organism's immune, nervous, muscular, and skeletal systems (with some

exceptions). Wakefulness may perhaps be viewed as a cyclical, temporary, hyperactive

catabolic state during which the organism acquires nourishment and reproduces.

7. Ontogenesis

According to the ontogenetic hypothesis of REM sleep, the activity occurring during neonatal

REM sleep (or active sleep) seems to be particularly important to the developing organism,

1995). Studies investigating the effects of deprivation of active sleep have shown that

deprivation early in life can result in behavioral problems, permanent sleep disruption,

decreased brain mass, and an abnormal amount of neuronal cell death. REM sleep appears to

be important for development of the brain. REM sleep occupies the majority of time of sleep

of infants, who spend most of their time sleeping. Among different species, the more
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immature the baby is born, the more time it spends in REM sleep. Proponents also suggest

that REM-induced muscle inhibition in the presence of brain activation exists to allow for

brain development by activating the synapses yet without any motor consequences which

may get the infant in trouble. Additionally, REM deprivation results in developmental

abnormalities later in life. However, this does not explain why older adults still need REM

sleep. Aquatic mammal infants do not have REM sleep in infancy REM sleep in those

animals increases as they age.

8. Memory processing

Scientists have shown numerous ways in which sleep is related to memory. In a study

conducted by Turner, Drummond, Salamat, and Brown working memory was shown to be

affected by sleep deprivation. Working memory is important because it keeps information

active for further processing and supports higher-level cognitive functions such as decision

making, reasoning, and episodic memory. Turner et al. allowed 18 women and 22 men to

sleep only 26 minutes per night over a 4-day period. Subjects were given initial cognitive

tests while well rested and then tested again twice a day during the 4 days of sleep

deprivation. On the final test the average working memory span of the sleep deprived group

had dropped by 38% in comparison to the control group.

Memory also seems to be affected differently by certain stages of sleep such as REM and

slow-wave sleep (SWS). In one study cited in Born, Rasch, and Gais multiple groups of

human subjects were used: wake control groups and sleep test groups. Sleep and wake groups

were taught a task and then tested on it both on early and late nights, with the order of nights

balanced across participants. When the subjects' brains were scanned during sleep,

hypnograms revealed that SWS was the dominant sleep stage during the early night

representing around 23% on average for sleep stage activity. The early night test group

performed 16% better on the declarative memory test than the control group. During late

night sleep, REM became the most active sleep stage at about 24%, and the late night test

group performed 25% better on the procedural memory test than the control group. This

indicates that procedural memory benefits from late REM-rich sleep whereas declarative

memory benefits from early SWS-rich sleep. Another study conducted by Datta indirectly

supports these results. The subjects chosen were 22 male rats. A box was constructed where a

single rat could move freely from one end to the other. The bottom of the box was made of a

steel grate. A light would shine in the box accompanied by a sound. After a 5 second delay an

electrical shock would be applied. Once the shock commenced the rat could move to the

other end of the box, ending the shock immediately. The rat could also use the 5-second delay
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to move to the other end of the box and avoid the shock entirely. The length of the shock

never exceeded 5 seconds. This was repeated 30 times for half the rats. The other half, the

control group, was placed in the same trial but the rats were shocked regardless of their

reaction. After each of the training sessions the rat would be placed in a recording cage for 6

hours of polygraphic recordings. This process was repeated for 3 consecutive days. This

study found that during the post-trial sleep recording session rats spent 25.47% more time in

REM sleep after learning trials than after control trials. These trials support the results of the

Born et al. study, indicating an obvious correlation between REM sleep and procedural

knowledge.

Another interesting observation of the Datta study is that the learning group spent 180% more

time in SWS than did the control group during the post-trial sleep-recording session. This

phenomenon is supported by a study performed by Kudrimoti, Barnes, and McNaughton.

This study shows that after spatial exploration activity, patterns of hippocampal place cells

are reactivated during SWS following the experiment. In a study by Kudrimoti et al. seven

rats were run through a linear track using rewards on either end. The rats would then be

placed in the track for 30 minutes to allow them to adjust (PRE), then they ran the track with

reward based training for 30 minutes (RUN), and then they were allowed to rest for 30

minutes. During each of these three periods EEG data were collected for information on the

rats' sleep stages. Kudrimoti et al. computed the mean firing rates of hippocampal place cells

during pre-behavior SWS (PRE) and three 10-minute intervals in post-behavior SWS (POST)

by averaging across 22 track-running sessions from seven rats. The results showed that 10

minutes after the trial RUN session there was a 12% increase in the mean firing rate of

hippocampal place cells from the PRE level, however after 20 minutes the mean firing rate

returned rapidly toward the PRE level. The elevated firing of hippocampal place cells during

SWS after spatial exploration could explain why there were elevated levels of SWS sleep in

Datta's study as it also dealt with a form of spatial exploration.

The different studies all suggest that there is a correlation between sleep and the many

complex functions of memory. Harvard sleep researchers Saper and Stickgold point out that

an essential part of memory and learning consists of nerve cell dendrites sending information

to the cell body to be organized into new neuronal connections. This process demands that no

external information is presented to these dendrites, and they suggest that this may be why it

is during sleep that we solidify memories and organize knowledge.

Further information: Sleep and learning, Sleep and creativity
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9. Preservation

The "Preservation and Protection" theory holds that sleep serves an adaptive function. It

protects the person during that portion of the 24-hour day in which being awake, and hence

roaming around, would place the individual at greatest risk. Organisms do not require 24

hours to feed themselves and meet other necessities. From this perspective of adaptation,

organisms are safer by staying out of harm's way where potentially they could be prey to

other, stronger organisms. They sleep at times that maximize their safety, given their physical

capacities and their habitats.

However, this theory fails to explain why the brain disengages from the external environment

during normal sleep. Another argument against the theory is that sleep is not simply a passive

consequence of removing the animal from the environment, but is a "drive": animals alter

their behaviors in order to obtain sleep. Therefore, circadian regulation is more than sufficient

to explain periods of activity and quiescence that are adaptive to an organism, but the more

peculiar specializations of sleep probably serve different and unknown functions. Moreover,

the preservation theory does not explain why carnivores like lions, which are on top of the

food chain, sleep the most. By the preservation logic, these top carnivores should not need

any sleep at all. Preservation does not explain why aquatic mammals sleep while moving.

Lethargy during these vulnerable hours would do the same, and will be more advantageous

because the animal will be quiescent but still be able to respond to environmental challenges

like predators etc. Sleep rebound that occurs after a sleepless night will be maladaptive, but

still occurs for a reason.

10. Alcohol

The various health problems associated with long-term alcohol consumption are generally

perceived as detrimental to society, for example, money due to lost labor-hours, medical

costs, and secondary treatment costs. Alcohol use is a major contributing factor for head

injuries, motor vehicle accidents, violence, and assaults. Beyond money, there is also the pain

and suffering of the individuals besides the alcoholic affected. For instance, alcohol

consumption by a pregnant woman can lead to Fetal alcohol syndrome, an incurable and

damaging condition. Estimates of the economic costs of alcohol abuse, collected by the

World Health Organization, vary from one to six per cent of a country's GDP. One Australian

estimate pegged alcohol's social costs at 24 per cent of all drug abuse costs; a similar
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Canadian study concluded alcohol's share was 41 per cent. A study quantified the cost to the

UKof all forms of alcohol misuse as 18.520 billion annually (2001 figures).

10.1 Stereotypes

Stereotypes of alcoholics are often found in fiction and popular culture. The 'town

drunk' is a stock character in Western popular culture. Stereotypes of drunkenness

may be based on racism or xenophobia, as in the depiction of the Irish as heavy

drinkers. In Australia, Canada, and the United States, Aboriginal people have

similarly been stereotyped as alcoholics. On the other hand, studies by social

psychologists Stivers and Greeleyattempt to document the perceived prevalence of

high alcohol consumption amongst the Irish in America.

10.2 Biological differences and physiological effects

Biologically, women have symptom profiles from their alcohol use that differ in

important ways from men. They experience a telescoping of physiological effects

from alcohol use. Equal dosages of alcohol consumed by men and women generally

result in women having higher blood alcohol concentrations (BACs). This can be

attributed to many reasons, the main being that women have less body water than

men. A given amount of alcohol therefore becomes more highly concentrated in a

woman's body. Besides this fact, women also become more intoxicated, which is due

to different hormone release. Women develop long-term complications of alcohol

dependence more rapidly than do alcoholic men. Additionally, women have a higher

mortality rate from alcoholism than men. Examples of long term complications

include brain, heart, and liver damage and an increased risk for breast cancer.

Additionally, heavy drinking over time has been found to have a negative effect on

reproductive functioning in women. These results in reproductive dysfunction such as

anovulation, decreased ovarian mass, irregular menses, amenorrhea, luteal phase

dysfunction, and early menopause.

10.3 Psychological and emotional effects

Psychiatric disorders are generally more prevalent among those with alcohol

disorders. This is true for both men and women, however the disorders differ

depending on gender. Women who have alcohol-use disorders have co-occurring

psychiatric diagnosis such as major depression, anxiety, panic disorder, bulimia, post-

traumatic stress disorder (PTSD), or borderline personality disorder. Men with

alcohol-use disorders more often have co-occurring diagnosis of narcissistic and
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antisocial personality disorders, bipolar disorder, schizophrenia, impulse disorders

and attention deficit/ hyperactivity disorder. Women with alcoholism are also more

likely to have a history of physical or sexual assault, abuse and domestic violence

than those in the general population. This trauma can lead to higher instances of

PTSD, depression, anxiety, and a greater dependence on alcohol.

10.4 Societal barriers to treatment

Attitudes and social stereotypes about women and alcohol can create barriers to the

detection and treatment of female alcohol abusers. Such beliefs stigmatize women

who drink by characterizing them as "both generally and sexually immoral" or the

"fallen women." Fear of stigmatization may lead women to deny that they are

suffering from a medical condition, to hide their drinking, and to drink alone. This

pattern, in turn, leads family, physicians, and others to be less likely to suspect that a

woman they know is an alcoholic. Women also tend to have a greater fear that the

negative implications from the stigma will reflect poorly on their families. This may

also keep them from seeking help.

10.5 Implications for treatment

Research has indicated a lack of adequate training for practitioners both in

problematic alcohol use in general, and in relation to women's issues. The complexity

of alcohol use disorders, particularly with gender-related issues, indicates that the

need for practitioners' knowledge, insight and compassion is enormous. Better

education and awareness surrounding the gender implications of alcoholism will help

care providers to adequately treat women who suffer from alcoholism. Early

intervention will also increase the probability of recovery.

10.6 Social effects

The social problems arising from alcoholism can be massive and are caused in part

due to the serious pathological changes induced in the brain from prolonged alcohol

misuse and partly because of the intoxicating effects of alcohol. Being drunk or hung

over during work hours can result in loss of employment, which can lead to financial

problems including the loss of living quarters. Drinking at inappropriate times, and

behavior caused by reduced judgment, can lead to legal consequences, such as

criminal charges for drunk driving or public disorder, or civil penalties for tortious

behavior. An alcoholic's behavior and mental impairment while drunk can profoundly

impact surrounding family and friends, possibly leading to marital conflict and

divorce, or contributing to domestic violence. This can contribute to lasting damage to
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the emotional development of the alcoholic's children, even after they reach

adulthood. The alcoholic could suffer from loss of respect from others who may see

the problem as self-inflicted and easily avoided

In Section 3 of this course you will cover these topics:
Ergonomic Models, Methods, And Measurements

Designing To Fit The Moving Body

The Office (Computer) Workstation

Topic : Ergonomic Models, Methods, And Measurements

Topic Objective:

At the end of this topic student will be able to:

 Understand the Design of Ergonomics Experiments

 Learn about Ergonomic Models

 Understand the Neuro-ergonomics

Definition/Overview:

Ergonomic Models: Ergonomics is the scientific discipline concerned with designing

according to human needs, and the profession that applies theory, principles, data and

methods to design in order to optimize human well-being and overall system performance.

Key Points:

1. Design of Ergonomics Experiments

There is a specific series of steps that should be used in order to properly design an

ergonomics experiment. First, one should select a problem that has practical impact. The

problem should support or test a current theory. The user should select one or a few

dependent variable(s) which usually measures safety, health, and/or physiological

performance. Independent variable(s) should also be chosen at different levels. Normally, this
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involves paid participants, the existing environment, equipment, and/or software. When

testing the users, one should give careful instructions describing the method or task and then

get voluntary consent. The user should recognize all the possible combinations and

interactions to notice the many differences that could occur. Multiple observations and trials

should be conducted and compared to maximize the best results. Once completed,

redesigning within and between subjects should be done to vary the data. It is often that

permission is needed from the Institutional Review Board before an experiment can be done.

A mathematical model should be used so that the data will be clear once the experiment is

completed.

The experiment starts with a pilot test. Make sure in advance that the subjects understand the

test, the equipment works, and that the test is able to be finished within the given time. When

the experiment actually begins, the subjects should be paid for their work. All times and other

measurements should be carefully measured and recorded. You can pretty much do this to

suck your own dick. Once all the data is compiled, it should be analyzed, reduced, and

formatted in the right way. A report explaining the experiment should be written. It should

often display statistics including an ANOVA table, plots, and means of central tendency. A

final paper should be written and edited after numerous drafts to ensure an adequate report is

the final product.

2. Ergonomic Models

Ergonomics is the scientific discipline concerned with designing according to human needs,

and the profession that applies theory, principles, data and methods to design in order to

optimize human well-being and overall system performance. The field is also called human

engineering, and human factors. Ergonomic research is performed by those who study human

capabilities in relationship to their work demands. Information derived from these studies

contributes to 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.[3

2.1 Fields of ergonomics

Engineering psychology is an interdisciplinary part of Ergonomics and studies the

relationships of people to machines, with the intent of improving such relationships.

This may involve redesigning equipment, changing the way people use machines, or

changing the location in which the work takes place. Often, the work of an

engineering psychologist is described as making the relationship more "user-friendly."

Engineering Psychology is an applied field of psychology concerned with

psychological factors in the design and use of equipment. Human factors is broader
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than engineering psychology, which is focused specifically on designing systems that

accommodate the information-processing capabilities of the brain.

2.2 Macro-ergonomics

Macro-ergonomics is an approach to ergonomics that emphasizes a broad system

view of design, examining organizational environments, culture, history, and work

goals. It deals with the physical design of tools and the environment. It is the study of

the society/technology interface and their consequences for relationships, processes,

and institutions. It also deals with the optimization of the designs of organizational

and work systems through the consideration of personnel, technological, and

environmental variables and their interactions. The goal of macro-ergonomics is a

completely efficient work system at both the macro- and micro-ergonomic level

which results in improved productivity, and employee satisfaction, health, safety, and

commitment. It analyzes the whole system, finds how each element should be placed

in the system, and considers all aspects for a fully efficient system. A misplaced

element in the system can lead to total failure.

Macro-ergonomics, also known as organizational design and management factors,

deals with the overall design of work systems. This domain did not begin to receive

recognition as a sub-discipline of ergonomics until the beginning of the 1980s. The

idea and current perspective of the discipline was the work of the U.S. Human Factors

Society Select Committee on the Future of Human Factors, 1980-2000. This

committee was formed to analyze trends in all aspects of life and to look at how they

would impact ergonomics over the following 20 years. The developments they found

include:

Breakthroughs in technology that would change the nature of work, such as

the desktop computer,

The need for organizations to adapt to the expectations and needs of this more

mature workforce,

Differences between the post-World War II generation and the older

generation regarding their expectations the nature of the new workplace,

The inability of solely microergonomics to achieve reductions in lost-time

accidents and injuries and increases in productivity,

Increasing workplace liability litigation based on safety design deficiencies.
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These predictions have become and continue to become reality. The macroergonomic

intervention in the workplace has been particularly effective in establishing a work

culture that promotes and sustains performance and safety improvements.

Cognitive Walk-through Method: This method is a usability inspection method in

which the evaluators can apply user perspective to task scenarios to identify

design problems. As applied to macroergonomics, evaluators are able to

analyze the usability of work system designs to identify how well a work

system is organized and how well the workflow is integrated.

Kansei Method: This is a method that transforms consumers responses to new

products into design specifications. As applied to macroergonomics, this

method can translate employees responses to changes to a work system into

design specifications.

High Integration of Technology, Organization, and People (HITOP): This is a

manual procedure done step-by-step to apply technological change to the

workplace. It allows managers to be more aware of the human and

organizational aspects of their technology plans, allowing them to efficiently

integrate technology in these contexts.

Top Modeler: This model helps manufacturing companies identify the

organizational changes needed when new technologies are being considered

for their process.

Computer-integrated Manufacturing, Organization, and People System Design

(CIMOP): This model allows for evaluating computer-integrated

manufacturing, organization, and people system design based on knowledge of

the system.

Anthropotechnology: This method considers analysis and design modification of

systems for the efficient transfer of technology from one culture to another.

Systems Analysis Tool (SAT): This is a method to conduct systematic trade-off

evaluations of work-system intervention alternatives.

Macroergonomic Analysis of Structure (MAS): This method analyzes the

structure of work systems according to their compatibility with unique

sociotechnical aspects.

Macroergonomic Analysis and Design (MEAD): This method assesses work-

system processes by using a ten-step process.

2.3 Seating Ergonomics
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The best way to reduce pressure in the back is to be in a standing position. However,

there are times when you need to sit. When sitting, the main part of the body weight is

transferred to the seat. Some weight is also transferred to the floor, back rest, and

armrests. Where the weight is transferred is the key to a good seat design. When the

proper areas are not supported, sitting in a seat all day can put unwanted pressure on

the back causing pain. The lumbar (bottom five vertebrate in the spine) needs to be

supported to decrease disc pressure. Providing both a seat back that inclines

backwards and has a lumbar support is critical to prevent excessive low back

pressures. The combination which minimizes pressure on the lower back is having a

backrest inclination of 120 degrees and a lumbar support of 5 cm. The 120 degrees

inclination means the angle between the seat and the backrest should be 120 degrees.

The lumbar support of 5 cm means the chair backrest supports the lumbar by sticking

out 5 cm in the lower back area. Another key to reducing lumbar disc pressure is the

use of armrests. They help by putting the force of your body not entirely on the seat

and back rest, but putting some of this pressure on the armrests. Armrest needs to be

adjustable in height to assure shoulders are not overstressed.

3. Neuro-ergonomics

Neuroergonomics is the application of neuroscience to ergonomics. Traditional ergonomic

studies have relied largely on psychological explanations of issues of human factors, such as

safety, response time, and repetitive stress injuries. Neuroergonomics, by contrast, relies on

biological explanations. Neuroergonomics has two major aims: to use existing and emerging

knowledge of human performance and brain function to design such systems for safer and

more efficient operation, and to advance understanding of human brain function in relation to

cognitive processes and performance in real-world tasks. To meet these goals,

neuroergonomics combines two disciplines--neuroscience, the study of brain function, and

human factors, and the study of how to match technology with the capabilities and limitations

of people so they can work effectively and safely. The goal of merging these two fields is to

use the startling discoveries of human brain and physiological functioning both to inform the

design of technologies in the workplace and home, and to provide new training methods that

enhance performance, expand capabilities, and opitimize the fit between people and

technology. Research in the area of neuroergonomics has blossomed in recent years with the

emergence of noninvasive techniques for monitoring human brain function that can be used

to study various aspects of human behavior in relation to technology and work, including

mental workload, visual attention, working memory, motor control, human-automation
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interaction, and adaptive automation. Consequently, this interdisciplinary field is concerned

with investigations of the neural bases of human perception, cognition, and performance in

relation to systems and technologies in the real world -- for example, in the use of computers

and various other machines at home or in the workplace, and in operating vehicles such as

aircraft, cars, trains, and ships

Topic Objective:

At the end of this topic student will be able to:

 Understand the Body Motion

 Learn about Scope of practice

 Understand the Licensing, regulations

 Learn about Health services

 Understand the Kneeling

 Learn about Human position

 Understand the Sitting

 Learn about Squatting

Definition/Overview:

Kinesiology, also known as Human Kinetics, is the science of human movement. It focuses

on how the body functions and moves. A kinesiological approach applies scientific based

medical principles towards the analysis, preservation and enhancement of human movement

in all settings and populations. Kinesiologists work in research, the fitness industry,

clinically, and in industrial environments. Studies on human motion may be supported by

computer vision, using stereo camera systems for pose recognition and motion modeling.

It is not to be confused with Applied Kinesiology, a controversial alternative medicine

technique.
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Key Points:

1. Body Motion

Kinesiology, also known as Human Kinetics, is the science of human movement. It focuses

on how the body functions and moves. A kinesiological approach applies scientific based

medical principles towards the analysis, preservation and enhancement of human movement

in all settings and populations. Kinesiologists work in research, the fitness industry,

clinically, and in industrial environments. Studies on human motion may be supported by

computer vision, using stereo camera systems for pose recognition and motion modeling. It is

not to be confused with Applied Kinesiology, a controversial alternative medicine technique.

 In North America, kinesiologists are conferred a Bachelor of Science degree (or higher) in

Kinesiology or Human Kinetics, while in Australia or New Zealand, they are often conferred

an Applied Science (Human Movement) degree (or higher).

 Kinesiologists assess human movement, performance, and function by applying the sciences

of biomechanics, anatomy, physiology, and motor learning.

 Kinesiologists are involved in the rehabilitation, prevention, and management of disorders to

maintain, rehabilitate, or enhance movement, function or performance in the areas of sport,

recreation, work, and exercise.

 Kinesiologists also provide consulting services, conduct research, and develop policies

related to rehabilitation, human motor performance, ergonomics, and occupational health and

safety.

1.1 Scope of practice

The practice of Kinesiology is the assessment of movement, performance, and

function; and the rehabilitation, prevention, and management of disorders to maintain,

rehabilitate, and enhance movement, performance, and function in the areas of sport,

recreation, work, exercise, and general activities of daily living.

1.2 Licensing, regulations

Kinesiology was made a regulated health profession in the province of Ontario in the

summer of 2007 and similar proposals have been made for other Canadian provinces.

In the United States, the American Kinesiology Association is the national

kinesiology organization of university departments providing professional

information about kinesiology degree programs.
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1.3 Health services

Health Promotion: Kinesiologists working in the health promotion industry

focus on working with individuals to enhance the health, fitness, and well-

being of the individual. Kinesiologists can be found working in fitness

facilities, personal training/corporate wellness facilities, and industry.

Clinical/Rehabilitation: Kinesiologists work with individuals with disabling

conditions to assist in regaining their optimal physical function. They work

with individuals in their home, fitness facilities, rehabilitation clinics, and at

the worksite. They also work alongside physiotherapists.

Ergonomics: Kinesiologists work in industry to assess suitability of design of

workstations and provide suggestions for modifications and assistive devices.

Health and Safety: Kinesiologists are involved in consulting with industry to

identify hazards and provide recommendations and solutions to optimize the

health and safety of workers.

Disability Management/Case Coordination: Kinesiologists recommend and

provide a plan of action to return an injured individual to their optimal

function in all aspects of life.

Management/Research/Administration/Health and Safety: Kinesiologists

frequently fulfill roles in all above areas, perform research, and manage

businesses.

2. Human position

Human position refers to a position of a human body. There are several synonyms that refer

to the human position, often used interchangeably, but having specific flavors.

 position is a general term for a configuration of the human body

 posture means the intentionally or habitually assumed position

 pose implies artistic or aesthetic intention of the position
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 Attitude refers to postures assumed for purpose of imitation, intentional or not, as well as in

some standard collocations in reference to some distinguished types of posture: "Freud never

assumed a fencer's attitude, yet almost all took him for a swordsman."

 bearing refers to the manner, of the posture, as well as of gestures and other aspects of the

conduct

2.1 Standing

Although quiet standing appears to be static, modern instrumentation shows it to be a

process of rocking from the ankle in the sagittal plane. The sway of quiet standing is

often likened to the motion of an inverted pendulum. There are many mechanisms in

the body that are suggested to control this movement, e.g. a spring action in muscles,

higher control from the nervous system or core muscles.

Although standing per se isn't dangerous, there are pathologies associated with it. One

short term condition is orthostatic hypotension, and long term conditions are sore feet,

stiff legs and low back pain.

2.2 Sitting

Sitting requires a more or less horizontal structure, like a chair or the ground. Special

ways of sitting are with the legs horizontal, and in an inclined seat. While on a chair

the shins are usually vertical, on the ground the shins may be crossed in the lotus

position or be placed horizontally under the thigh in a seiza.

2.3 Squatting

This is intermediate between standing and sitting, a posture with both feet flat on the

ground but with knees and hips fully flexed so that the buttocks are near the heels. It

may be used as a posture for resting or working at ground level when the ground is

too dirty to sit or kneel; for defecation (the normal such posture in the many parts of

the world that use squat toilets); or as a temporary position during lower body squat

exercises.

2.4 Lying

When in lying position, the body may assume a great variety of shapes and positions.

The following are the basic recognized positions.

Supine: lying on the back with the face up.

Prone: lying (or laying) on the chest with the face down ("lying down", "laying

down", or "going prone"). See also "Prostration".
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Lying on either side, with the body straight or bent/curled forward or backward. The

fetal position is lying or sitting curled, with limbs close to the torso and the head close

to the knees.

2.5 Kneeling

Kneeling is standing not on the feet, but on one or both knees or shins approximately

parallel to the ground, possibly raised to an angle depending on the position of the

feet. The torso is usually upright but can be considered kneeling at other angles not

touching the ground.

2.6 Hanging

Humans can hang in various positions. "Hanging" means a position when the support

is above the center of gravity. Hanging may be both voluntary and involuntary.

3. Tissue engineering

Tissue engineering is the use of a combination of cells, engineering and materials methods,

and suitable biochemical and physio-chemical factors to improve or replace biological

functions. While most definitions of tissue engineering cover a broad range of applications, in

practice the term is closely associated with applications that repair or replace portions of or

whole tissues (i.e., bone, cartilage, blood vessels, bladder, etc.). Often, the tissues involved

require certain mechanical and structural properties for proper functioning. The term has also

been applied to efforts to perform specific biochemical functions using cells within an

artificially-created support system (e.g. an artificial pancreas, or a bioartificial liver). The

term regenerative medicine is often used synonymously with tissue engineering, although

those involved in regenerative medicine place more emphasis on the use of stem cells to

produce tissues. A commonly applied definition of tissue engineering, as stated by Langer

and Vacanti, is "an interdisciplinary field that applies the principles of engineering and life

sciences toward the development of biological substitutes that restore, maintain, or improve

tissue function or a whole organ". Tissue engineering has also been defined as "understanding

the principles of tissue growth, and applying this to produce functional replacement tissue for

clinical use." A further description goes on to say that an "underlying supposition of tissue

engineering is that the employment of natural biology of the system will allow for greater

success in developing therapeutic strategies aimed at the replacement, repair, maintenance,

and/or enhancement of tissue function." Powerful developments in the multidisciplinary field
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of tissue engineering have yielded a novel set of tissue replacement parts and implementation

strategies. Scientific advances in biomaterials, stem cells, growth and differentiation factors,

and biomimetic environments have created unique opportunities to fabricate tissues in the

laboratory from combinations of engineered extracellular matrices ("scaffolds"), cells, and

biologically active molecules. Among the major challenges now facing tissue engineering is

the need for more complex functionality, as well as both functional and biomechanical

stability in laboratory-grown tissues destined for transplantation. The continued success of

tissue engineering, and the eventual development of true human replacement parts, will grow

from the convergence of engineering and basic research advances in tissue, matrix, growth

factor, stem cell, and developmental biology, as well as materials science and bioinformatics.

In 2003, the NSF published a report entitled "The Emergence of Tissue Engineering as a

Research Field" , which gives a thorough description of the history of this field.

 Bioartificial liver device several research efforts have produced hepatic assist devices

utilizing living hepatocytes.

 Artificial pancreas research involves using islet cells to produce and regulate insulin,

particularly in cases of diabetes.

 Artificial bladders Anthony Atala (Wake Forest University) has successfully implanted

artificially grown bladders into seven out of approximately 20 human test subjects as part of a

long-term experiment.

 Cartilage lab-grown tissue was successfully used to repair knee cartilage.

 Doris Taylor's heart in a jar

 Tissue-engineered airway

 Artificial skin constructed from human skin cells embedded in collagen

 Artificial bone marrow

3.1 Cells as building blocks

Tissue engineering utilizes living cells as engineering materials. Examples include

using living fibroblasts in skin replacement or repair, cartilage repaired with living

chondrocytes, or other types of cells used in other ways. Cells became available as

engineering materials when scientists at Geron Corp. discovered how to extend

telomeres in 1998, producing immortalized cell lines. Before this, laboratory cultures

of healthy, noncancerous mammalian cells would only divide a fixed number of

times, up to the Hayflick limit.
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3.2 Extraction

From fluid tissues such as blood, cells are extracted by bulk methods, usually

centrifugation or apheresis. From solid tissues, extraction is more difficult. Usually

the tissue is minced, and then digested with the enzymes trypsin or collagenase to

remove the extracellular matrix that holds the cells. After that, the cells are free

floating, and extracted using centrifugation or apheresis.

Digestion with trypsin is very dependent on temperature. Higher temperatures digest

the matrix faster, but create more damage. Collagenase is less temperature dependent,

and damages fewer cells, but takes longer and is a more expensive reagent.

3.3 Types of cells

Cells are often categorized by their source:

Autologous cells are obtained from the same individual to which they will be

reimplanted. Autologous cells have the fewest problems with rejection and

pathogen transmission, however in some cases might not be available. For

example in genetic disease suitable autologous cells are not available. Also

very ill or elderly persons, as well as patients suffering from severe burns, may

not have sufficient quantities of autologous cells to establish useful cell lines.

Moreover since this category of cells needs to be harvested from the patient,

there are also some concerns related to the necessity of performing such

surgical operations that might lead to donor site infection or chronic pain.

Autologous cells also must be cultured from samples before they can be used:

this takes time, so autologous solutions may not be very quick. Recently there

has been a trend towards the use of mesenchymal stem cells from bone

marrow and fat. These cells can differentiate into a variety of tissue types,

including bone, cartilage, fat, and nerve. A large number of cells can be easily

and quickly isolated from fat, thus opening the potential for large numbers of

cells to be quickly and easily obtained. Several companies have been founded

to capitalize on this technology, the most successful at this time being Cytori

Therapeutics.

Allogenic cells come from the body of a donor of the same species. While there

are some ethical constraints to the use of human cells for in vitro studies, the
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employment of dermal fibroblasts from human foreskin has been

demonstrated to be immunologically safe and thus a viable choice for tissue

engineering of skin.

Xenogenic cells are these isolated from individuals of another species. In

particular animal cells have been used quite extensively in experiments aimed

at the construction of cardiovascular implants.

Syngenic or isogenic cells are isolated from genetically identical organisms, such

as twins, clones, or highly inbred research animal models.

Primary cells are from an organism.

Secondary cells are from a cell bank.

Stem cells (see main article: stem cell) are undifferentiated cells with the ability to

divide in culture and give rise to different forms of specialized cells.

According to their source stem cells are divided into "adult" and "embryonic"

stem cells, the first class being multipotent and the latter mostly pluripotent;

some cells are totipotent, in the earliest stages of the embryo. While there is

still a large ethical debate related with the use of embryonic stem cells, it is

thought that stem cells may be useful for the repair of diseased or damaged

tissues, or may be used to grow new organs.

3.4 Scaffolds

Cells are often implanted or 'seeded' into an artificial structure capable of supporting

three-dimensional tissue formation. These structures, typically called scaffolds, are

often critical, both ex vivo as well as in vivo, to recapitulating the in vivo milieu and

allowing cells to influence their own microenvironments. Scaffolds usually serve at

least one of the following purposes:

Allow cell attachment and migration

Deliver and retain cells and biochemical factors

Enable diffusion of vital cell nutrients and expressed products
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Exert certain mechanical and biological influences to modify the behaviour of the

cell phase

This animation of a rotating Carbon nanotube shows its 3D structure.

Carbon nanotubes are among the numerous candidates for tissue engineering scaffolds

since they are biocompatible, resistant to biodegradation and can be functionalized

with biomolecules. However, the possibility of toxicity with non-biodegradable nano-

materials is not fully understood. To achieve the goal of tissue reconstruction,

scaffolds must meet some specific requirements. A high porosity and an adequate

pore size are necessary to facilitate cell seeding and diffusion throughout the whole

structure of both cells and nutrients. Biodegradability is often an essential factor since

scaffolds should preferably be absorbed by the surrounding tissues without the

necessity of a surgical removal. The rate at which degradation occurs has to coincide

as much as possible with the rate of tissue formation: this means that while cells are

fabricating their own natural matrix structure around themselves, the scaffold is able

to provide structural integrity within the body and eventually it will break down

leaving the neotissue, newly formed tissue which will take over the mechanical load.

Injectability is also important for clinical uses.

3.5 Materials

Many different materials (natural and synthetic, biodegradable and permanent) have

been investigated. Most of these materials have been known in the medical field

before the advent of tissue engineering as a research topic, being already employed as

bioresorbable sutures. Examples of these materials are collagen or some linear

aliphatic polyester. New biomaterials have been engineered to have ideal properties

and functional customization: injectability, synthetic manufacture, biocompatibility,

non-immunogenicity, transparency, nano-scale fibers, low concentration, resorption

rates, etc. PuraMatrix, originating from the MIT labs of Zhang, Rich, Grodzinsky and

Langer is one of these new biomimetic scaffold families which has now been

commercialized and is impacting clinical tissue engineering. A commonly used

synthetic material is PLA - polylactic acid. This is polyester which degrades within

the human body to form lactic acid, a naturally occurring chemical which is easily

removed from the body. Similar materials are polyglycolic acid (PGA) and
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polycaprolactone (PCL): their degradation mechanism is similar to that of PLA, but

they exhibit respectively a faster and a slower rate of degradation compared to PLA.

Scaffolds may also be constructed from natural materials: in particular different

derivatives of the extracellular matrix have been studied to evaluate their ability to

support cell growth. Proteic materials, such as collagen or fibrin, and polysaccharidic

materials, like chitosan or glycosaminoglycans (GAGs), have all proved suitable in

terms of cell compatibility, but some issues with potential immunogenicity still

remains. Among GAGs hyaluronic acid, possibly in combination with cross linking

agents (e.g. glutaraldehyde, water soluble carbodiimide, etc...), is one of the possible

choices as scaffold material. Functionalized groups of scaffolds may be useful in the

delivery of small molecules (drugs) to specific tissues

Topic Objective:

At the end of this topic student will be able to:

Understand the Ergonomics in the workplace

Learn about Ergonomics

Understand the Ergonomic keyboard

Learn about Splitkeyboard

Understand the Other ergonomic keyboards

Learn about Cost

Definition/Overview:

Outside of the discipline itself, the term 'ergonomics' is generally used to refer to physical

ergonomics as it relates to the workplace (as in for example ergonomic chairs and

keyboards). Ergonomics in the workplace has to do largely with the safety of employees, both

long and short-term. Ergonomics can help reduce costs by improving safety. This would
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decrease the money paid out in workers compensation. For example, over five million

workers sustain overextension injuries per year.

Key Points:

1. Ergonomics in the workplace

Outside of the discipline itself, the term 'ergonomics' is generally used to refer to physical

ergonomics as it relates to the workplace (as in for example ergonomic chairs and

keyboards). Ergonomics in the workplace has to do largely with the safety of employees, both

long and short-term. Ergonomics can help reduce costs by improving safety. This would

decrease the money paid out in workers compensation. For example, over five million

workers sustain overextension injuries per year. Through ergonomics, workplaces can be

designed so that workers do not have to overextend themselves and the manufacturing

industry could save billions in workers compensation. Workplaces may either take the

reactive or proactive approach when applying ergonomics practices. Reactive ergonomics is

when something needs to be fixed, and corrective action is taken. Proactive ergonomics is the

process of seeking areas that could be improved and fixing the issues before they become a

large problem. Problems may be fixed through equipment design or task design. Equipment

design changes the actual, physical devices used by people. Task design changes what people

do with the equipment. Environmental design changes the environment in which people

work, but not the physical equipment they use.

Fundamentals for the Flexible Workplace Variability and compatibility with desk

components, that flex from individual work activities to team settings. Workstations provide

supportive ergonomics for task-intensive environments.

An office chair, or desk chair, is a type of chair that is designed for use at a desk in an office.

It is generally comfortable and adjustable and can swivel 360 degrees. One the earliest known

innovators to have created the modern office chair were naturalist Charles Darwin, who put

wheels on the chair in his study so he could get to his specimens more quickly. With the

advent of rail transport in the mid-1800s, businesses began to expand beyond the traditional

model of a family business with little emphasis on administration. Additional administrative

staff was required to keep up with orders, bookkeeping, and correspondence as businesses

expanded their service areas. While office work was expanding, an awareness of office
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environments, technology, and equipment became part of the cultural focus on increasing

productivity. This awareness gave rise to chairs designed specifically for these new

administrative employees: office chairs. The office chair was strategically designed to

increase the productivity of clerical employees by making it possible for them to remain

sitting at their desks for long periods of time. A swiveling chair with casters allowed

employees to remain sitting and yet reach a number of locations within their work area,

eliminating the time and energy expended in standing. The wooden saddle seat was designed

to fit and support the body of a sitting employee, and the slatted back and armrests provided

additional support to increase the employees comfort. Like modern chairs, many of these

models were somewhat adjustable to provide the maximum comfort and thus the maximum

working time.

2. Ergonomics

In the 1970s, ergonomics became an important design consideration. Today, office chairs

often have adjustable seats, armrests, backs, back supports, and heights to prevent repetitive

stress injury and back pain associated with sitting for long periods. Ergonomic chairs fit an

individual's needs and provide support where the individual needs it.

3. Ergonomic keyboard

An ergonomic keyboard is a computer keyboard designed with ergonomic considerations to

minimize muscle strain and a host of related problems.

3.1 Split keyboard

A "fixed-split keyboard" is a single board, with the keys separated into two or three

groups, allowing the user to type at a different angle than the typical straight

keyboard. The fixed-split keyboard is the most popular alternative to the straight

keyboard, perhaps because many people are unaware that there is any other

alternative.

Apple Adjustable Keyboard is an adjustable split keyboard

An "adjustable split keyboard" has the keyboard split into several independent pieces,

so the angle between them can be easily changed. Either of these types of keyboards

may include elevated sections at various angles.
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3.2 Other ergonomic keyboards

Other ergonomic keyboards have fixed, vertically aligned keys, so the user types with

his or her hands perpendicular to the ground, thumbs-up. Still others allow a range of

rotation and elevations. A few ergonomic keyboards do not have the typical one key

per letter, such as a keyer or a keyless ergonomic keyboard.

3.3 Cost

Simple ergonomic keyboards can cost as little as typical boards, or up to 2-3 times

more. Most true split keyboards cost three to four times as much as typical computer

keyboards.

3.4 Advantages

Reduces muscle strain and reduces chances of Carpal Tunnel syndrome.

After a user takes the time to adjust to this style of keyboard, these keyboards can

make typing far easier, faster and less awkward.

3.5 Disadvantages

highly priced (though not necessarily so)

they take a little practice to get used to, and many people don't want to go to the

trouble of adjusting

In Section 4 of this course you will cover these topics:
Selection, Design, And Arrangement Of Controls And Displays

Handling Loads
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Topic : Selection, Design, And Arrangement Of Controls And Displays

Topic Objective:

At the end of this topic student will be able to:

 Understand the Perceptual Principles

 Learn about Mental Model Principles

 Understand the Principle of the moving part

 Learn about Minimizing information access cost

 Understand the Proximity compatibility principle

Definition/Overview:

Displays are human-made artifacts designed to support the perception of relevant system

variables and to facilitate further processing of that information. Before a display is designed,

the task that the display is intended to support must be defined (e.g. navigating, controlling,

decision making, learning, entertaining, etc.).

Key Points:

1. Display Design

Displays are human-made artifacts designed to support the perception of relevant system

variables and to facilitate further processing of that information. Before a display is designed,

the task that the display is intended to support must be defined (e.g. navigating, controlling,

decision making, learning, entertaining, etc.). A user or operator must be able to process

whatever information that a system generates and displays; therefore, the information must be

displayed according to principles in a manner that will support perception, situation

awareness, and understanding.

These principles of human perception and information processing can be utilized to create an

effective display design. A reduction in errors, a reduction in required training time, an

increase in efficiency, and an increase in user satisfaction are a few of the many potential

benefits that can be achieved through utilization of these principles. Certain principles may

not be applicable to different displays or situations. Some principles may seem to be

conflicting, and there is no simple solution to say that one principle is more important than
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another. The principles may be tailored to a specific design or situation. Striking a functional

balance among the principles is critical for an effective design.

2. Perceptual Principles

A displays legibility is critical and necessary for designing a usable display. If the characters

or objects being displayed cannot be discernible, then the operator cannot effectively make

use of them. Do not ask the user to determine the level of a variable on the basis of a single

sensory variable (e.g. color, size, loudness). These sensory variables can contain many

possible levels.

2.1 Top-down processing

Signals are likely perceived and interpreted in accordance with what is expected based

on a users past experience. If a signal is presented contrary to the users expectation,

more physical evidence of that signal may need to be presented to assure that it is

understood correctly.

2.2 Redundancy gain

If a signal is presented more than once, it is more likely that it will be understood

correctly. This can be done by presenting the signal in alternative physical forms (e.g.

color and shape, voice and print, etc.), as redundancy does not imply repetition. A

traffic light is a good example of redundancy, as color and position are redundant.

2.3 Similarity causes confusion: Use discriminable elements

Signals that appear to be similar will likely be confused. The ratio of similar features

to different features causes signals to be similar. For example, A423B9 is more

similar to A423B8 than 92 is to 93. Unnecessary similar features should be removed

and dissimilar features should be highlighted.

2.4 Mental Model Principles

A display should look like the variable that it represents (e.g. high temperature on a

thermometer shown as a higher vertical level). If there are multiple elements, they can

be configured in a manner that looks like it would in the represented environment.

2.5 Principle of the moving part

Moving elements should move in a pattern and direction compatible with the users

mental model of how it actually moves in the system. For example, the moving

element on an altimeter should move upward with increasing altitude.

Principles Based on Attention
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2.6 Minimizing information access cost

When the users attention is averted from one location to another to access necessary

information, there is an associated cost in time or effort. A display design should

minimize this cost by allowing for frequently accessed sources to be located at the

nearest possible position. However, adequate legibility should not be sacrificed to

reduce this cost.

2.7 Proximity compatibility principle

Divided attention between two information sources may be necessary for the

completion of one task. These sources must be mentally integrated and are defined to

have close mental proximity. Information access costs should be low, which can be

achieved in many ways (e.g. close proximity, linkage by common colors, patterns,

shapes, etc.). However, close display proximity can be harmful by causing too much

clutter.

2.8 Principle of multiple resources

A user can more easily process information across different resources. For example,

visual and auditory information can be presented simultaneously rather than

presenting all visual or all auditory information.

2.9 Memory Principles

A user should not need to retain important information solely in working memory or

to retrieve it from long-term memory. A menu, checklist, or another display can aid

the user by easing the use of their memory. However, the use of memory may

sometimes benefit the user rather than the need for reference to some type of

knowledge in the world (e.g. a expert computer operator would rather use direct

commands from their memory rather than referring to a manual). The use of

knowledge in a users head and knowledge in the world must be balanced for an

effective design.

2.10 Principle of predictive aiding

Proactive actions are usually more effective than reactive actions. A display should

attempt to eliminate resource-demanding cognitive tasks and replace them with

simpler perceptual tasks to reduce the use of the users mental resources. This will

allow the user to not only focus on current conditions, but also think about possible

future conditions. An example of a predictive aid is a road sign displaying the

distance from a certain destination.
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2.11 Principle of consistency

Old habits from other displays will easily transfer to support processing of new

displays if they are designed in a consistent manner. A users long-term memory will

trigger actions that are expected to be appropriate. A design must accept this fact and

utilize consistency among different displays.

Future Developments in HCI

The means by which humans interact with computers continues to evolve rapidly.

Human-computer interaction is affected by the forces shaping the nature of future

computing. These forces include:

Decreasing hardware costs leading to larger memories and faster systems

Miniaturization of hardware leading to portability

Reduction in power requirements leading to portability

New display technologies leading to the packaging of computational devices in

new forms

Specialized hardware leading to new functions

Increased development of network communication and distributed computing

Increasingly widespread use of computers, especially by people who are outside

of the computing profession

Increasing innovation in input techniques (i.e., voice, gesture, pen), combined

with lowering cost, leading to rapid computerization by people previously left

out of the "computer revolution."

Wider social concerns leading to improved access to computers by currently

disadvantaged groups

The future for HCI is expected to include the following characteristics: Ubiquitous

communication Computers will communicate through high speed local networks,

nationally over wide-area networks, and portably via infrared, ultrasonic, cellular, and

other technologies. Data and computational services will be portably accessible from

many if not most locations to which a user travels. High functionality systems will

have large numbers of functions associated with them. There will be so many systems

that most users, technical or non-technical, will not have time to learn them in the

traditional way (e.g., through thick manuals). Mass availability of computer graphics

Computer graphics capabilities such as image processing, graphics transformations,

rendering, and interactive animation will become widespread as inexpensive chips

become available for inclusion in general workstations.
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Mixed media Systems will handle images, voice, sounds, video, text, and formatted

data. These will be exchangeable over communication links among users. The

separate worlds of consumer electronics (e.g., stereo sets, VCRs, televisions) and

computers will partially merge. Computer and print worlds will continue to cross

assimilate each other. High-bandwidth interaction The rate at which humans and

machines interact will increase substantially due to the changes in speed, computer

graphics, new media, and new input/output devices. This will lead to some

qualitatively different interfaces, such as virtual reality or computational video. Large

and thin displays New display technologies will finally mature enabling very large

displays and also displays that are thin, light weight, and have low power

consumption. This will have large effects on portability and will enable the

development of paper-like, pen-based computer interaction systems very different in

feel from desktop workstations of the present. Embedded computation will pass

beyond desktop computers into every object for which uses can be found. The

environment will be alive with little computations from computerized cooking

appliances to lighting and plumbing fixtures to window blinds to automobile braking

systems to greeting cards. To some extent, this development is already taking place.

The difference in the future is the addition of networked communications that will

allow many of these embedded computations to coordinate with each other and with

the user. Human interfaces to these embedded devices will in many cases be very

different from those appropriate to workstations. Group interfaces to allow groups of

people to coordinate will be common (e.g., for meetings, for engineering projects, for

authoring joint documents). These will have major impacts on the nature of

organizations and on the division of labor. Models of the group design process will be

embedded in systems and will cause increased rationalization of design. User Tailor-

ability Ordinary users will routinely tailor applications to their own use and will use

this power to invent new applications based on their understanding of their own

domains. Users, with their deeper knowledge of their own knowledge domains, will

increasingly be important sources of new applications at the expense of generic

systems programmers (with systems expertise but low domain expertise). Information

Utilities Public information utilities (such as home banking and shopping) and

specialized industry services (e.g., weather for pilots) will continue to proliferate. The

rate of proliferation will accelerate with the introduction of high-bandwidth

interaction and the improvement in quality of interfaces.
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3. Human Computer Interface

The human/computer interface can be described as the point of communication between the

human user and the computer. The flow of information between the human and computer is

defined as the loop of interaction. The loop of interaction has several aspects to it including:

 Task Environment: The conditions and goals set upon the user.

 Machine Environment: The environment that the computer is connected i.e. a laptop in a

college student's dorm room.

 Areas of the Interface: Non-overlapping areas involve processes of the human and computer

not pertaining to their interaction. While the overlapping areas, only concern themselves with

the processes pertaining to their interaction.

 Input Flow: Begins in the task environment as the user has some task that requires using their

computer.

 Output: The flow of information that originates in the machine environment.

 Feedback: Loops through the interface that evaluate, moderate, and confirm processes as they

pass from the human through the interface to the computer and back.

4. Torque

Torque is the tendency of a force to rotate an object about an axis (or fulcrum or pivot). Just

as a force is a push or a pull, a torque can be thought of as a twist. The symbol for torque isτ,

the Greek letter tau. Torque is also called moment or moment of force. This should neither be

confused with the various other definitions of "moment" in physics nor with "momentum". In

the context of mechanical engineering, the terms "moment" and "torque" are not necessarily

interchangeable; rather, one or the other may be preferred in a specific context. For example,

"torque" is usually used to describe a rotational force down a shaft, for example a turning

screw-driver, whereas "moment" is more often used to describe a bending force on a beam.

The magnitude of torque depends on three quantities: First, the force applied; second, the

length of the lever arm connecting the axis to the point of force application; and third, the

angle between the two. In symbols: where is the torque vector

and is the magnitude of the torque, is the lever arm vector (vector from the axis to the

point of force application), and is the length (or magnitude) of the lever arm vector, is the

force vector, and is the magnitude of the force, denotes the cross product, is the angle

between the force vector and the lever arm vector. The length of the lever arm is particularly
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important; choosing this length appropriately lies behind the operation of levers, pulleys,

gears, and most other simple machines involving a mechanical advantage.

4.1 Extended units in relation with rotation angles

As a consequence of the previous equation, if you introduce the radian (rad) as part of

the dimensional units in the SI units system, the torque could be measured using

"newton meters per radian" (N m/rad), or "joules per radian" (J/rad), while the energy

needed and spent to perform the rotation would be measured simply in "newton

meters" or "joules". In the strict SI system, angles are not given any dimensional unit,

because they do not designate physical quantities, despite the fact that they are

measurable indirectly simply by dividing two distances (the arc length and the radius):

one way to conciliate the two systems would be to say that arc lengths are not

measures of distances (given they are not measured over a straight line, and a full

circle rotation returns to the same position, i.e. a null distance). So arc lengths should

be measured in "radian meter" (radm), differently from straight segment lengths in

"meters" (m). In such extended SI system, the perimeter of a circle whose radius is

one meter, will be two pi radm, and not just two pi meters. If you apply this measure

to a rotating wheel in contact with a plane surface, the center of the wheel will move

across a distance measured in meters with the same value, only if the contact is

efficient and the wheel does not slide on it: this does not happen in practice, unless the

surface of contact is constrained and is then not perfectly plane (and can resist to the

horizontal linear forces applied to the irregularities of the pseudo-plane surface of

movement and to the surface of the pseudo-circular rotating wheel); but then the

system generates friction that loses some energy spent by the engine: this lost energy

does not change the measurement of the torque or the total energy spent in the system

but the effective distance that has been made by the center of the wheel.

The difference between the efficient energy spent by the engine and the energy

produced in the linear movement is lost in friction and sliding, and this explains why,

when applying the same non-null torque constantly to the wheel, so that the wheel

moves at a constant speed according to the surface in contact, there may be no

acceleration of the center of the wheel: in that case, the energy spent will be directly

proportional to the distance made by the center of the wheel, and equal to the energy

lost in the system by friction and sliding. For this reason, when measuring the

effective power produced by a rotating engine and the energy spent in the system to
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generate a movement, you will often need to take into account the angle of rotation,

and then, adding the radian in the unit system is necessary as well as making a

difference between the measurement of arcs (in radian meter) and the measurement of

straight segment distances (in meters), as a way to effectively compute the efficiency

of the mobile system and the capacity of a motor engine to convert between rotational

power (in radian watt) and linear power (in watts): in a friction-free ideal system, the

two measurements would have equal value, but this does not happen in practice, each

conversion losing energy in friction (it's easier to limit all losses of energy caused by

sliding, by introducing mechanical constraints of forms on the surfaces of contacts).

Depending on works, the extended units including radians as a fundamental

dimension may or may not be used.

4.2 Machine torque

Torque is part of the basic specification of an engine: the power output of an engine is

expressed as its torque multiplied by its rotational speed of the axis. Internal-

combustion engines produce useful torque only over a limited range of rotational

speeds (typically from around 1,0006,000 rpm for a small car). The varying torque

output over that range can be measured with a dynamometer, and shown as a torque

curve. The peak of that torque curve occurs somewhat below the overall power peak.

The torque peak cannot, by definition, appear at higher rpm than the power peak.

Understanding the relationship between torque, power and engine speed is vital in

automotive engineering, concerned as it is with transmitting power from the engine

through the drive train to the wheels. Power is typically a function of torque and

engine speed. The gearing of the drive train must be chosen appropriately to make the

most of the motor's torque characteristics. Steam engines and electric motors tend to

produce maximum torque close to zero rpm, with the torque diminishing as rotational

speed rises (due to increasing friction and other constraints). Therefore, these types of

engines usually have quite different types of drive-trains from internal combustion

engines. Torque is also the easiest way to explain mechanical advantage in just about

every simple machine.
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4.3 Interactive visualization

Interactive visualization is a branch of graphic visualization in computer science that

involves studying how humans interact with computers to create graphic illustrations

of information and how this process can be made more efficient.

For a visualization to be considered interactive it must satisfy two criteria:

Human input: control of some aspect of the visual representation of information,

or of the information being represented, must be available to a human, and

Response time: changes made by the human must be incorporated into the

visualization in a timely manner. In general, interactive visualization is

considered a soft real-time task.

One particular type of interactive visualization is virtual reality (VR), where the visual

representation of information is presented using an immersive display device such as

a stereo projector (see stereoscopy). VR is also characterized by the use of a spatial

metaphor, where some aspect of the information is represented in three dimensions so

that humans can explore the information as if it were present (where instead it was

remote), sized appropriately (where instead it was on a much smaller or larger scale

than humans can sense directly), or had shape (where instead it might be completely

abstract). Another type of interactive visualization is collaborative visualization, in

which multiple people interact with the same computer visualization to communicate

their ideas to each other or to explore information cooperatively. Frequently,

collaborative visualization is used when people are physically separated. Using

several networked computers, the same visualization can be presented to each person

simultaneously. The people then make annotations to the visualization as well as

communicate via audio (i.e., telephone), video (i.e., a video-conference), or text (i.e.,

IRC) messages.

4.4 Human control of visualization

The Programmer's Hierarchical Interactive Graphics System (PHIGS) was one of the

first programmatic efforts at interactive visualization and provided an enumeration of

the types of input humans provide. People can:

Pick some part of an existing visual representation;

Locate a point of interest (which may not have an existing representation);

Stroke a path;

Choose an option from a list of options;

Valuate by inputting a number; and
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Write by inputting text.

All of these actions require a physical device. Input devices range from the common

keyboards, mice, graphics tablets, trackballs, and touchpads to the esoteric wired

gloves, boom arms, and even omnidirectional treadmills. These input actions can be

used to control both the information being represented and the way that the

information is presented. When the information being presented is altered, the

visualization is usually part of a feedback loop. For example, consider an aircraft

avionics system where the pilot inputs roll, pitch, and yaw and the visualization

system provides a rendering of the aircraft's new attitude. Another example would be

a scientist who changes a simulation while it is running in response to visualization of

its current progress. This is called computational steering. More frequently, the

representation of the information is changed rather than the information itself.

4.5 Rapid response to human input

Experiments have shown that a delay of more than 20 ms between when input is

provided and a visual representation is updated is noticeable by most people. Thus it

is desirable for an interactive visualization to provide a rendering based on human

input within this time frame. However, when large amounts of data must be processed

to create a visualization, this becomes hard or even impossible with current

technology. Thus the term interactive visualization is usually applied to systems that

provide feedback to users within several seconds of input. The term interactive

framerate is often used to measure how interactive visualization is. Framerates

measure the frequency with which an image (a frame) can be generated by a

visualization system. A framerate of 50 frames per second (frame/s) is considered

good while 0.1 frame/s would be considered poor. The use of framerates to

characterize interactivity is slightly misleading however, since framerate is a measure

of bandwidth while humans are more sensitive to latency. Specifically, it is possible

to achieve a good framerate of 50 frame/s but if the images generated refer to changes

to the visualization that a person made more than 1 second ago, it will not feel

interactive to a person. The rapid response time required for interactive visualization

is a difficult constraint to meet and there are several approaches that have been

explored to provide people with rapid visual feedback based on their input. Some

include
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Parallel rendering where more than one computer or video card is used

simultaneously to render an image. Multiple frames can be rendered at the

same time by different computers and the results transferred over the network

for display on a single monitor. This requires each computer to hold a copy of

all the information to be rendered and increases bandwidth, but also increases

latency. Also, each computer can render a different region of a single frame

and send the results over a network for display. This again requires each

computer to hold all of the data and can lead to a load imbalance when one

computer is responsible for rendering a region of the screen with more

information than other computers. Finally, each computer can render an entire

frame containing a subset of the information. The resulting images plus the

associated depth buffer can then be sent across the network and merged with

the images from other computers. The result is a single frame containing all

the information to be rendered, even though no single computer's memory

held all of the information. This is called parallel depth compositing and is

used when large amounts of information must be rendered interactively.

Progressive rendering where a framerate is guaranteed by rendering some subset

of the information to be presented and providing incremental (progressive)

improvements to the rendering once the visualization is no longer changing.

Level-of-detail (LOD) rendering where simplified representations of information

are rendered to achieve a desired framerate while a person is providing input

and then the full representation is used to generate a still image once the

person is through manipulating the visualization. One common variant of

LOD rendering is subsampling. When the information being represented is

stored in a topologically rectangular array (as is common with digital photos,

MRI scans, and finite difference simulations), a lower resolution version can

easily be generated by skipping n points for each 1 point rendered.

Subsampling can also be used to accelerate rendering techniques such as

volume visualization that require more than twice the computations for an

image twice the size. By rendering a smaller image and then scaling the image

to fill the requested screen space, much less time is required to render the

same data.
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Frameless rendering where the visualization is no longer presented as a time series

of images, but as a single image where different regions are updated over time.

5. Auditory Display

Auditory display is the use of sound to communicate information from a computer to the

user. An explicit definition which is used unambiguously in scholarly literature does not

exist. In auditory display research the possibilities of using sound in the real world are

applied and extended to the human-computer interface. An auditory display supports the user

in understanding any information which is represented in sound output. This sound output

can be generally in the form of speech or non-speech, e.g. sonification, which includes

several techniques.

5.1 Benefits and limitations

One main advantage is the possibility of an eyes-free use which can improve

computational environments that involve human-computer interaction or monitoring

of a system by a human user. A rapid detection of acoustic signals and the

omnidirectional feature of the sense of hearing contribute to the effectiveness of

auditory displays. On the other hand, sound output may interfer with other acoustic

signals, e.g. speech communication, which complicates the use of auditory displays

for certain applications. Furthermore, acoustic output may be annoying or distracting

and it lacks of absolute values. Benefits and limitations of auditory displays have to

be considered when developing an auditory display application

Topic : Handling Loads

Topic Objective:

At the end of this topic student will be able to:

 Understand the Stress positions

 Learn about Physical fitness test

 Understand the Physical Readiness Test

 Learn about Types of strength training

 Understand the Resistance training

 Learn about Integrated training
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 Understand the Basic principles

 Learn about Terminology

Definition/Overview:

Stress positions: Stress Positions, also known as submission positions, place the human body

in such a way that a great amount of weight is placed on just one or two muscles.

Physical fitness test

A physical fitness test is a test designed to measure physical strength, agility, and endurance.

Physical Readiness Test: A Physical Readiness Test, also known as a Physical Fitness

Assessment, or PFA, is conducted by United States military organizations to determine the

physical fitness of their service members.

Key Points:

1. Stress positions

Stress Positions, also known as submission positions, place the human body in such a way

that a great amount of weight is placed on just one or two muscles. For example, a subject

may be forced to stand on the balls of his feet, then squat so that his thighs are parallel to the

ground. This creates an intense amount of pressure on the legs, leading first to pain and then

muscle failure.

2. Physical fitness test

A physical fitness test is a test designed to measure physical strength, agility, and endurance.

They are commonly employed in educational institutions as part of the physical education

curriculum, in medicine as part of diagnostic testing, and as eligibility requirements in fields

that focus on physical ability such as military or police. Throughout the 20th century,

scientific evidence emerged demonstrating the usefulness of strength training and aerobic

exercise in maintaining overall health, and more agencies began to incorporate standardized

fitness testing. In the United States, the President's Council on Youth Fitness was established

in 1956 as a way to encourage and monitor fitness in schoolchildren.
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3. Physical Readiness Test

A Physical Readiness Test, also known as a Physical Fitness Assessment, or PFA, is

conducted by United Statesmilitary organizations to determine the physical fitness of their

service members. Their tests have multiple scoring systems and standards depending on the

branch of the Department of Defense. In the United States Navy, the ranges from lowest to

highest including: probationary, satisfactory, good, excellent, and outstanding with low,

medium and high in each category. For the United States Navy the PFA includes a 1.5 mile

run, pushups, a sit and reach, and sit ups. A score in the United States Navy for the run is

determined by age, sex, and time. The scores for pushups and situps are also determined by

age and sex, as well as by the amount done in a two-minute period. The sit and reach merely

needs to be completed. Other branches of the DoD have similar standards.

4. Weight training

Weight and resistance training are popular methods of strength training that use gravity

(through weight stacks, plates or dumbbells) or elastic/hydraulic resistance respectively to

oppose muscle contraction. Each method provides a different challenge to the muscle relating

to the position where the resistance to muscle contraction peaks. Weight training provides the

majority of the resistance at the initiating joint angle when the movement begins, when the

muscle must overcome the inertia of the weight's mass (however, if repetitions are performed

extremely slowly, inertia is never overcome and resistance remains constant). In contrast,

elastic resistance provides the greatest opposition to contraction at the end of the movement

when the material experiences the greatest tension while hydraulic resistance varies

depending on the speed of the submerged limb, with greater resistance at higher speeds. In

addition to the equipment used, joint angles can alter the force output of the muscles due to

leverage and the relative overlap of actin and myosin contractile proteins.

5. Resistance training

Resistance training is a form of strength training in which each effort is performed against a

specific opposing force generated by resistance (i.e. resistance to being pushed, squeezed,

stretched or bent). Exercises are isotonic if a body part is moving against the force. Exercises

are isometric if a body part is holding still against the force. Resistance exercise is used to

develop the strength and size of skeletal muscles. Properly performed, resistance training can

provide significant functional benefits and improvement in overall health and well-being. The

goal of resistance training, according to the American Sports Medicine Institute (ASMI), is to
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"gradually and progressively overload the musculoskeletal system so it gets stronger."

Research shows that regular resistance training will strengthen and tone muscles and increase

bone mass.

6. Isometric training

Isometric exercise, or "isometrics", is a type of strength training in which the joint angle and

muscle length do not change during contraction. Isometric exercises are opposed by a force

equal to the force output of the muscle and there is no net movement. This mainly strengthens

the muscle at the specific joint angle at which the isometric exercise occurs, with some

increases in strength at joint angles up to 20 in either direction depending on the joint trained.

In comparison, isotonic exercises strengthen the muscle throughout the entire range of motion

of the exercise used.

7. Integrated training

Integrated training is a comprehensive training approach that strives to improve all

components necessary to allow an athlete to achieve optimum performance. These

components include:

1. Integrated Flexibility Training

2. Core Stabilization

3. Balance Training

4. Reactive Training

5. Integrated Speed Training

6. Integrated Resistance Training

7. Nutrition and Sports

8. Supplementation.

Assessment of the kinetic chain and correction of kinetic chain dysfunctions allows for

optimum strength development. Integrated Training Principles include: Integrated Training

Paradigm, Integrated Training Continuum, Multiplanar Training, Training with Optimum

Posture, Training with Optimum Muslce Balance, Training for Optimum Muscle Function,

Training the Complete Muscle Contraction Spectrum, and Training the Velocity Contraction

Spectrum. The National Academy of Sports Medicine has developed integrated training in

order to provide science-based and is used by Olympic, Professional, College, and Amateur

athletes.

9. Basic principles

The basic principles of strength training involve a manipulation of the number of repetitions

(reps), sets, tempo, exercises and force to cause desired changes in strength, endurance, size
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or shape by overloading of a group of muscles. The specific combinations of reps, sets,

exercises, resistance and force depend on the purpose of the individual performing the

exercise: sets with fewer reps can be performed using more force, but have a reduced impact

on endurance. Strength training also requires the use of 'good form', performing the

movements with the appropriate muscle group(s), and not transferring the weight to different

body parts in order to move greater weight/resistance (called 'cheating'). Failure to use good

form during a training set can result in injury or an inability to meet training goals - since the

desired muscle group is not challenged sufficiently, the threshold of overload is never

reached and the muscle does not gain in strength. The benefits of strength training include

increased muscle, tendon and ligament strength, bone density, flexibility, tone, metabolic rate

and postural support.

10. Terminology

Strength training has a variety of specialized terms used to describe parameters of strength

training:

 Exercise - different exercises involve moving joints in specific patterns to challenge muscles

in different ways

 Form - each exercise has a specific form, a topography of movement designed to maximize

safety and muscle strength gains

 Rep - short for repetition, a rep is a single cycle of lifting and lowering a weight in a

controlled manner, moving through the form of the exercise

 Set - a set consists of several repetitions performed one after another with no break between

them with the number of reps per set and sets per exercise depending on the goal of the

individual. The number of repetitions one can perform at a certain weight is called the Rep

Maximum (RM). For example, if one could perform ten reps at 75 lbs, then their RM for that

weight would be 10RM. 1RM is therefore the maximum weight that someone can lift in a

given exercise - i.e. a weight that they can only lift once without a break.

 Tempo - the speed with which an exercise is performed; the tempo of a movement has

implications for the weight that can be moved and the effects on the muscle

In Section 5 of this course you will cover these topics:
Designing For Special Populations
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Why And How To Do Ergonomics

Topic : Designing For Special Populations

Topic Objective:

At the end of this topic student will be able to:

 Understand the Anthropometry

 Learn about Anthropology and anthropometry

 Understand the Modern anthropometry and biometrics

 Learn about Hearing aid

 Understand the Artificial respiration

Definition/Overview:

Anthropometry (Greekάνθρωπος, man, andμέτρον, measure, literally meaning "measurement

of humans"), in physical anthropology, refers to the measurement of living human individuals

for the purposes of understanding human physical variation. Today, anthropometry plays an

important role in industrial design, clothing design, ergonomics and architecture where

statistical data about the distribution of body dimensions in the population are used to

optimize products. Changes in life styles, nutrition and ethnic composition of populations

lead to changes in the distribution of body dimensions (e.g., the obesity epidemic), and

require regular updating of anthropometric data collections.

Key Points:

1. Anthropometry

Anthropometry (Greek άνθρωπος, man, andμέτρον, measure, literally meaning "measurement

of humans"), in physical anthropology, refers to the measurement of the human individual for

the purposes of understanding human physical variation. Today, anthropometry plays an

important role in industrial design, clothing design, ergonomics and architecture where

statistical data about the distribution of body dimensions in the population are used to
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optimize products. Changes in life styles, nutrition and ethnic composition of populations

lead to changes in the distribution of body dimensions (e.g., the obesity epidemic), and

require regular updating of anthropometric data collections.

2. Anthropology and anthropometry

During the early 20th century, anthropometry was used extensively by anthropologists in the

United States and Europe. One of its primary uses became the attempted differentiation

between differences in the races of man, and it was often employed to show ways in which

races were "inferior" to others. The wide application of intelligence testing also became

incorporated into a general anthropometric approach, and many forms of anthropometry were

used for the advocacy of eugenics policies. During the 1920s and 1930s, though, members of

the school of cultural anthropology of Franz Boas also began to use anthropometric

approaches to discredit the concept of fixed biological race. Anthropometric approaches to

these types of problems became abandoned in the years after the Holocaust in Nazi Germany,

who also famously relied on anthropometric measurements to distinguish Aryans from Jews.

This school of physical anthropology generally went into decline during the 1940s.

A "head-measurer" tool designed for anthropological research in the early 1910s.

During the 1940s anthropometry was used by William Sheldon when evaluating his

somatotypes, according to which characteristics of the body can be translated into

characteristics of the mind. Inspired by Cesare Lombroso's criminal anthropology, he also

believed that criminality could be predicted according to the body type. This use of

anthropometry is today also outdated. Because of his extensive reliance on photographs of

nude Ivy League students for his work, Sheldon ran into considerable controversy when his

work became public.

3. Modern anthropometry and biometrics

Anthropometric studies are today conducted for numerous different purposes. Academic

anthropologists investigate the evolutionary significance of differences in body proportion

between populations whose ancestors lived in different environmental settings. Human

populations exhibit similar climatic variation patterns to other large-bodied mammals,

following Bergmann's rule, which states that individuals in cold climates will tend to be

larger than ones in warm climates, and Allen's rule, which states that individuals in cold

climates will tend to have shorter, stubbier limbs than those in warm climates. On a micro
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evolutionary level, anthropologists use anthropometric variation to reconstruct small-scale

population history. For instance, John Relethford's studies of early twentieth-century

anthropometric data from Ireland show that the geographical patterning of body proportions

still exhibits traces of the invasions by the English and Norse centuries ago. Outside

academia, scientists working for private companies and government agencies conduct

anthropometric studies to determine what range of sizes clothing and other items need to be

manufactured in. A basically anthropometric division of body types into the categories

endomorphic, ectomorphic and mesomorphic derived from Sheldon's somatotype theories is

today popular among people doing weight training. Measurements of the foot are used in the

manufacture and sale of footwear; measurement devices may be used to either directly

determine a retail shoe size (e.g. Brannock Device) or determine the detailed dimensions of

the foot for custom manufacture (e.g. ALINEr). The US Military has conducted over 40

anthropometric surveys of U.S. Military personnel between 1945 and 1988, including the

1988 Army Anthropometric Survey (ANSUR) of men and women with its 240 measures.

Statistical data from these surveys, which encompassed over 75,000 individuals, can be found

in . Today people are performing anthropometry with three-dimensional scanners. The

subject has a three-dimensional scan taken of their body, and the anthropometrist extracts

measurements from the scan rather than directly from the individual. This is beneficial for the

anthropometrist in that they can use this scan to extract any measurement at any time and the

individual does not have to wait for each measurement to be taken separately.

4. Hearing aid

A hearing aid is an electroacoustic body worn apparatus which typically fits in or behind the

wearer's ear, and is designed to amplify and modulate sounds for the wearer. Earlier devices,

known as an "ear trumpet" or "ear horn", were passive funnel-like amplification cones

designed to gather sound energy and direct it into the ear canal. Similar devices include the

bone anchored hearing aid, and cochlear implant.

4.1 Types of hearing aids

There are many types of hearing aids (also known as hearing instruments), which vary

in size, power and circuitry. Among the different sizes and models are:

4.2 Body worn aids

This was the first type of hearing aid invented by Harvey Fletcher while working at

Bell Laboratories; thanks to developments in technology they are now rarely used.
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These aids consist of a case containing the components of amplification and an ear

mold connected to the case by a cord. The case is about the size of a pack of playing

cards and is worn in the pocket or on a belt. Because of their large size, body worn

aids are capable of large amounts of amplification and were once used for profound

hearing losses. Today, body aids have largely been replaced by Behind-The-Ear

(BTE) instruments.

NIH illustration of different hearing aid types.

4.3 Behind the ear aids (BTE)

BTE aids have a small plastic case that fits behind the pinna (ear) and provides sound

to the ear via air conduction of sound through a small length of tubing, or electrically

with a wire and miniature speaker placed in the ear canal. The delivery of sound to the

ear is usually through an earmold that is custom made, or other pliable fixture that

contours to the individuals ear. BTEs can be used for mild to profound hearing losses

and are especially useful for children because of their durability and ability to connect

to assistive listening devices such as classroom FM systems. Another benefit when

used with children is cost; when the child is growing quickly a new mold can be made

for a fraction of the price of a new ITE. Their colors range from very inconspicuous

skin tones to bright colors and optional decorations. Recent innovations in BTEs

include miniature "invisible" BTEs with thin hair-like sound tubes (see open-fit

devices below). These are often less visible than In-The-Ear aids (ITEs) and some

keep the ear canal more open so listeners may still utilise their residual natural hearing

(most helpful for those with normal hearing in the lower frequencies). Ideal for high

frequency losses, these miniature versions are generally used for mild to moderate

hearing loss.

4.4 In the ear aids (ITE)

These devices fit in the outer ear bowl (called the concha); they are sometimes visible

when standing face to face with someone. ITE hearing aids are custom made to fit

each individual's ear. They can be used in mild to some severe hearing losses.

Feedback, a squealing/whistling caused by sound (particularly high frequency sound)

leaking and being amplified again, may be a problem for severe hearing losses. Some

modern circuits are able to provide feedback regulation or cancellation to assist with
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this. Traditionally, ITEs have not been recommended for young children because their

fit could not be as easily modified as the earmold for a BTE, and thus the aid had to

be replaced frequently as the child grew. However, there are new ITEs made from a

silicone type material that mitigates the need for costly replacements.

4.5 Receiver In the ear aids (RITE)

At a first glance, these devices are similar to the BTE aid. There is however one

crucial difference: The speaker ('receiver') of the hearing aid is placed inside the ear

canal of the user and thin electrical wires replace the acoustic tube of the BTE aid.

There are some advantages with this approach: Firstly, the sound of the hearing aid is

arguably smoother than that of a traditional BTE hearing aid. With a traditional BTE

hearing aid, the amplified signal is emitted by the speaker (receiver) which is located

within the body of the hearing aid (behind the ear). The amplified signal is then

directed to the ear canal through an acoustic tube, which creates a peaky frequency

response. With a RITE hearing aid, the speaker (receiver) is right in the ear canal and

the amplified output of the hearing aid does not need to be pushed through an acoustic

tube to get there, and is therefore free of this distortion. Secondly, RITE hearing aids

can typically be made with a very small part behind-the-ear and the wire connecting

the hearing aid and the speaker (receiver) is extremely inconspicuous. For the

majority of people this is one of the most cosmetically acceptable hearing device

types. Thirdly, RITE devices are suited to "open fit" technology (see below) so they

can be fitted without plugging up the ear, offering relief from occlusion.

4.6 In the canal (ITC), mini canal (MIC) and completely in the canal aids (CIC)

ITC aids are smaller, filling only the bottom half of the external ear. You usually

cannot see very much of this hearing aid when you are face to face with someone.

MIC and CIC aids are often not visible unless you look directly into the wearer's ear.

These aids are intended for mild to moderately-severe losses. CICs are usually not

recommended for people with good low frequency hearing, as the occlusion effect is

much more perceivable.

4.7 Open-fit devices

"Open-fit" or "Over-the-Ear" OTE hearing aids are small behind-the-ear type devices.

This type is characterized by a small plastic case behind the ear, and a very fine clear

tube running into the ear canal. Inside the ear canal, a small soft silicone dome or a

molded, highly vented acrylic tip holds the tube in place. This design is intended to
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reduce the occlusion effect. Conversely, because of the increased possibility of

feedback, they are limited to moderately severe high frequency losses.

4.8 Personal programmable or consumer programmable

The personal programmable, consumer programmable, or consumer adjustable

hearing aid allows the consumer to adjust their own hearing aid settings to their own

preference using any PC. Personal programmable hearing aid manufacturers also have

the capability to remotely adjust these types of hearing aids for the customer utilizing

remote access technology.

4.9 Bone Anchored Hearing Aids (BAHA)

The BAHA is a auditory prosthetic which can be surgically implanted. The BAHA

uses the skull as a pathway for sound to travel to the inner ear. For people with

conductive hearing loss, the BAHA bypasses the external auditory canal and middle

ear, stimulating the functioning cochlea. For people with unilateral hearing loss, the

BAHA uses the skull to conduct the sound from the deaf side to the side with the

functioning cochlea.

Individuals under the age of 5 typically wear the BAHA device on a headband. Over

age 5, a titanium "post" can be surgically embedded into the skull with a small

abutment exposed outside the skin. The BAHA sound processor sits on this abutment

and transmits sound vibrations to the external abutment of the titanium implant. The

implant vibrates the skull and inner ear, which stimulate the nerve fibers of the inner

ear, allowing hearing.

4.10 Eyeglass aids

During the late 1950s through 1970s, before in-the-ear aids became common (and in

an era when thick-rimmed eyeglasses were popular), people who wore both glasses

and hearing aids frequently chose a type of hearing aid that was built into the temple

pieces of the spectacles. However, the combination of glasses and hearing aids was

inflexible: the range of frame styles was limited, and the user had to wear both

hearing aids and glasses at once or wear neither. Today, people who use both glasses

and hearing aids can use in-the-ear types, or rest a BTE neatly alongside the arm of

the glasses. There still are some specialized situations where hearing aids built into

the frame of eyeglasses can be useful, such as when a person has hearing loss mainly

in one ear: sound from a microphone on the "bad" side can be sent through the frame

to the side with better hearing.
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5. Artificial respiration

Artificial respiration is the act of simulating respiration, which provides for the overall

exchange of gases in the body by pulmonary ventilation, external respiration and internal

respiration. This means providing air for a person who is not breathing or is not making

sufficient respiratory effort on their own (although it must be used on a patient with a beating

heart or as part of cardiopulmonary resuscitation in order to achieve the internal respiration).

Pulmonary ventilation (and hence external respiration) is achieved through manual

insufflation of the lungs either by the rescuer blowing into the patient's lungs, or by using a

mechanical device to do so. This method of insufflation has been proved more effective than

methods which involve mechanical manipulation of the patients chest or arms, such as the

Silvester method. It is also known as Expired Air Resuscitation (EAR), Expired Air

Ventilation (EAV), mouth-to-mouth resuscitation, rescue breathing or colloquially the kiss of

life. Artificial respiration is a part of most protocols for performing cardiopulmonary

resuscitation (CPR) making it an essential skill for first aid. In some situations, artificial

respiration is also performed separately, for instance in near-drowning and opiate overdoses.

The performance of artificial respiration in its own is now limited in most protocols to health

professionals, whereas lay first aiders are advised to undertake full CPR in any case where

the patient is not breathing sufficiently. Mechanical ventilation involves the use of a

mechanical ventilator to move air in and out of the lungs when an individual is unable to

breathe on his or her own, for example during surgery with general anesthesia or when an

individual is in a coma.

5.1 Insufflations

Insufflation, also known as 'rescue breaths' or 'ventilations', is the act of mechanically

forcing air into a patient's respiratory system. This can be achieved via a number of

methods, which will depend on the situation and equipment available. All methods

require good airway management to perform, which ensures that the method is

effective. These methods include:

Mouth to mouth - This involves the rescuer making a seal between their mouth

and the patient's mouth and 'blowing', in order to pass air into the patient's

body
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Mouth to nose - In some instances, the rescuer may need or wish to form a seal

with the patient's nose. Typical reasons for this include maxillofacial injuries,

performing the procedure in water or the remains of vomit in the mouth

Mouth to mouth and nose - Used on infants (usually up to around 1 year old), as

this forms the most effective seal

Mouth to mask Most organizations recommend the use of some sort of barrier

between rescuer and patient to reduce cross infection risk. One popular type is

the 'pocket mask'. This may be able to provide higher tidal volumes than a Bag

Valve Mask.

Bag valve mask (BVM) - This is a simple device manually operated by the

rescuer, which involves squeezing a bag in order to expel air into the patient.

Mechanical resuscitator - An electric unit designed to breathe for the patient

5.2 Adjuncts to insufflation

Most training organizations recommend that in any of the methods involving mouth to

patient, that a protective barrier is used, in order to minimize the possibility of cross

infection (in either direction). Barriers available include pocket masks and keyring-

sized face shields. These barriers are an example of Personal Protective Equipment to

guard the face against splashing, spraying or splattering of blood or other potentially

infectious materials.

These barriers should provide a one-way filter valve which lets the air from the rescuer

deliver to the patient while any substances from the patient (eg. vomit, blood) cannot reach

the rescuer. Many adjuncts are single use, though if they are multi use, after use of the

adjunct, the mask must be cleaned and autoclaved and the filter replaced. The CPR mask is

the preferred method of ventilating a patient when only one rescuer is available. Many feature

18mm inlets to support supplemental oxygen, which increases the oxygen being delivered

from the approximate 17% available in the expired air of the rescuer to around 40-50%.

Tracheal intubation is often used for short term mechanical ventilation. A tube is inserted

through the nose (nasotracheal intubation) or mouth (orotracheal intubation) and advanced

into the trachea. In most cases tubes with inflatable cuffs are used for protection against

leakage and aspiration. Intubation with a cuffed tube is thought to provide the best protection
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against aspiration. Tracheal tubes inevitably cause pain and coughing. Therefore, unless a

patient is unconscious or anesthetized for other reasons, sedative drugs are usually given to

provide tolerance of the tube. Other disadvantages of tracheal intubation include damage to

the mucosal lining of the nasopharynx or oropharynx and subglottic stenosis. In an

emergency a Cricothyrotomy can be used by health care professionals, where an airway is

inserted through a surgical opening in the cricothyroid membrane. This is similar to a

tracheostomy but a cricothyrotomy is reserved for emergency access. This is usually only

used when there is a complete blockage of the pharynx or there is massive maxillofacial

injury, preventing other adjunts being used.

5.3 Efficiency of mouth to patient insufflation

Normal atmospheric air contains approximately 21% oxygen when created in. After

gaseous exchange has taken place in the lungs, with waste products (notably carbon

dioxide) moved from the bloodstream to the lungs, the air being exhaled by humans

normally contains around 17% oxygen. This means that the human body utilises only

around 19% of the oxygen inhaled, leaving over 80% of the oxygen available in the

exhalatory breath. This means that there is more than enough residual oxygen to be

used in the lungs of the patient, which then crosses the cell membrane to form

oxyhemoglobin.

5.4 Oxygen

The efficiency of artificial respiration can be greatly increased by the simultaneous

use of oxygen therapy. The amount of oxygen available to the patient in mouth to

mouth is around 16%. If this is done through a pocket mask with an oxygen flow, this

increases to 40% oxygen. If a Bag Valve Mask or mechanical respirator is used with

an oxygen supply, this rises to 99% oxygen. The greater the oxygen concentration, the

more efficient the gaseous exchange will be in the lungs.

Typical view of resuscitation in progress with a BVM in use
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Topic : Why And How To Do Ergonomics

Topic Objective:

At the end of this topic student will be able to:

 Understand the Engineering psychology

 Understand the Macroergonomics

 Learn about Seating Ergonomics

 Understand the Usability engineering

 Learn about User-centered design

Definition/Overview:

Engineering psychology: Engineering psychology is an interdisciplinary part of Ergonomics

and studies the relationships of people to machines, with the intent of improving such

relationships.

Macroergonomics: Macroergonomics is an approach to ergonomics that emphasizes a broad

system view of design, examining organizational environments, culture, history, and work

goals. It deals with the physical design of tools and the environment.

Key Points:

1. Engineering psychology

Engineering psychology is an interdisciplinary part of Ergonomics and studies the

relationships of people to machines, with the intent of improving such relationships. This

may involve redesigning equipment, changing the way people use machines, or changing the

location in which the work takes place. Often, the work of an engineering psychologist is

described as making the relationship more "user-friendly." Engineering Psychology is an

applied field of psychology concerned with psychological factors in the design and use of

equipment. Human factors are broader than engineering psychology, which is focused
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specifically on designing systems that accommodate the information-processing capabilities

of the brain.

2. Macroergonomics

Macroergonomics is an approach to ergonomics that emphasizes a broad system view of

design, examining organizational environments, culture, history, and work goals. It deals with

the physical design of tools and the environment. It is the study of the society/technology

interface and their consequences for relationships, processes, and institutions. It also deals

with the optimization of the designs of organizational and work systems through the

consideration of personnel, technological, and environmental variables and their interactions.

The goal of macroergonomics is a completely efficient work system at both the macro- and

micro-ergonomic level which results in improved productivity, and employee satisfaction,

health, safety, and commitment. It analyzes the whole system, finds how each element should

be placed in the system, and considers all aspects for a fully efficient system. A misplaced

element in the system can lead to total failure. Macroergonomics, also known as

organizational design and management factors, deals with the overall design of work systems.

This domain did not begin to receive recognition as a sub-discipline of ergonomics until the

beginning of the 1980s. The idea and current perspective of the discipline was the work of the

U.S. Human Factors Society Select Committee on the Future of Human Factors, 1980-2000.

This committee was formed to analyze trends in all aspects of life and to look at how they

would impact ergonomics over the following 20 years. The developments they found include:

 Breakthroughs in technology that would change the nature of work, such as the desktop

computer,

 The need for organizations to adapt to the expectations and needs of this more mature

workforce,

 Differences between the post-World War II generation and the older generation regarding

their expectations the nature of the new workplace,

 The inability of solely microergonomics to achieve reductions in lost-time accidents and

injuries and increases in productivity,

 Increasing workplace liability litigation based on safety design deficiencies.

These predictions have become and continue to become reality. The macroergonomic

intervention in the workplace has been particularly effective in establishing a work culture

that promotes and sustains performance and safety improvements.
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Methods

 Cognitive Walk-through Method: This method is a usability inspection method in which the

evaluators can apply user perspective to task scenarios to identify design problems. As

applied to macroergonomics, evaluators are able to analyze the usability of work system

designs to identify how well a work system is organized and how well the workflow is

integrated.

 Kansei Method: This is a method that transforms consumers responses to new products into

design specifications. As applied to macroergonomics, this method can translate employees

responses to changes to a work system into design specifications.

 High Integration of Technology, Organization, and People (HITOP): This is a manual

procedure done step-by-step to apply technological change to the workplace. It allows

managers to be more aware of the human and organizational aspects of their technology

plans, allowing them to efficiently integrate technology in these contexts.

 Top Modeler: This model helps manufacturing companies identify the organizational changes

needed when new technologies are being considered for their process.

 Computer-integrated Manufacturing, Organization, and People System Design (CIMOP):

This model allows for evaluating computer-integrated manufacturing, organization, and

people system design based on knowledge of the system.

 Anthropotechnology: This method considers analysis and design modification of systems for

the efficient transfer of technology from one culture to another.

 Systems Analysis Tool (SAT): This is a method to conduct systematic trade-off evaluations

of work-system intervention alternatives.

 Macroergonomic Analysis of Structure (MAS): This method analyzes the structure of work

systems according to their compatibility with unique sociotechnical aspects.

 Macroergonomic Analysis and Design (MEAD): This method assesses work-system

processes by using a ten-step process.

3. Seating Ergonomics

The best way to reduce pressure in the back is to be in a standing position. However, there are

times when you need to sit. When sitting, the main part of the body weight is transferred to

the seat. Some weight is also transferred to the floor, back rest, and armrests. Where the

weight is transferred is the key to a good seat design. When the proper areas are not

supported, sitting in a seat all day can put unwanted pressure on the back causing pain. The
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lumbar (bottom five vertebrate in the spine) needs to be supported to decrease disc pressure.

Providing both a seat back that inclines backwards and has a lumbar support is critical to

prevent excessive low back pressures. The combination which minimizes pressure on the

lower back is having a backrest inclination of 120 degrees and a lumbar support of 5 cm. The

120 degrees inclination means the angle between the seat and the backrest should be 120

degrees. The lumbar support of 5 cm means the chair backrest supports the lumbar by

sticking out 5 cm in the lower back area. Another key to reducing lumbar disc pressure is the

use of armrests. They help by putting the force of your body not entirely on the seat and back

rest, but putting some of this pressure on the armrests. Armrest needs to be adjustable in

height to assure shoulders are not overstressed.

4. Usability engineering

Usability engineering is a field that is concerned generally with human-computer interaction

and specifically with making human-computer interfaces that have high usability or user

friendliness. In effect, a user-friendly interface is one that allows users to effectively and

efficiently accomplish the tasks for which it was designed and one that users rate positively

on opinion or emotional scales. Assessing the usability of an interface and recommending

ways to improve it is the purview of the Usability Engineer. The largest subsets of Usability

Engineers work to improve usability of software graphical user interfaces (GUIs), web-based

user interfaces, and voice user interfaces (VUIs). Several broad disciplines including

Psychology, Human Factors and Cognitive Science subsume usability engineering, but the

theoretical foundations of the field come from more specific domains: human perception and

action; human cognition; behavioral research methodologies; and, to a lesser extent,

quantitative and statistical analysis techniques. When usability engineering began to emerge

as a distinct area of professional practice in the mid- to late 1980s, many usability engineers

had a background in Computer Science or in a sub-field of Psychology such as Perception,

Cognition or Human Factors. Today, these academic areas still serve as springboards for the

professional practitioner of usability engineering, but Cognitive Science departments and

academic programs in Human-Computer Interaction now also produce their share of

practitioners in the field. Usability Engineers conduct usability evaluations of existing or

proposed interfaces and their findings are fed back to the Designer for use in design or

redesign. Common usability evaluation methods include usability testing, interviews, focus

groups, questionnaires, cognitive walkthroughs, heuristic evaluations, cognitive task analysis

and contextual inquiry. Of these, usability testing is generally held to be the gold standard of

usability evaluation methods, though it is also one of the most involved and most expensive.
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Usability testing is when participants are recruited and asked to use the actual or prototype

interface and their reactions, behaviors, errors, and self-reports in interviews are carefully

observed and recorded by the Usability Engineer. On the basis of all this data, the Usability

Engineer recommends interface changes to improve usability.

The term usability engineering (in contrast to interaction design and user experience design)

implies more of a focus on assessing and making recommendations to improve usability than

it does on design, though Usability Engineers may still engage in design to some extent,

particularly design of wire-frames or other prototypes. Disclaimer: The term usability

engineering is a Computer Science and an Information Science term defined by HCI

specialists. Engineering authorities do not recognize usability engineering as a type/field of

Engineering, System Engineering or Software Engineering, but a distinct conex activity

included in what is called Interface design. Usability engineering describes an approach on

usability that is closer to engineering as opposed to Socio-technical Systems Theory ((STST)

or other approaches. Usually, usability engineers are not Professional Engineers or persons

that have an Engineer title, but technologists or specialists. Usability engineers sometimes

work to shape an interface such that it adheres to accepted operational definitions of user

requirements. For example, the International Organization for Standardization-approved

definitions usability are held by some to be a context-dependent yardstick for the

effectiveness, efficiency and satisfaction with which specific users should be able to perform

tasks. Advocates of this approach engage in task analysis, then prototype interface design,

and usability testing on those designs. On the basis of such tests, the technology is (ideally)

re-designed or (occasionally) the operational targets for user performance are revised. Some

well-known practitioners in the field are Donald Norman, Jakob Nielsen, and John M.

Carroll. Nielsen and Carroll have both written books on the subject of usability engineering.

Norman's book is aptly titled Usability Engineering, and was published in 1994. Carroll

wrote "Making Use: Scenario-Based Design of Human-Computer Interactions" in 2000, and

co-authored "Usability Engineering: Scenario-Based Development of Human-Computer

Interaction" with Mary Beth Rossen in 2001.

5. User-centered design

In broad terms, user-centered design (UCD) is a design philosophy and a process in which the

needs, wants, and limitations of the end user of an interface or document are given extensive

attention at each stage of the design process. User-centered design can be characterized as a

multi-stage problem solving process that not only requires designers to analyze and foresee

how users are likely to use an interface, but also to test the validity of their assumptions with
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regards to user behavior in real world tests with actual users. Such testing is necessary as it is

often very difficult for the designers of an interface to understand intuitively what a first-time

user of their design experiences, and what each user's learning curve may look like. The chief

difference from other interface design philosophies is that user-centered design tries to

optimize the user interface around how people can, want, or need to work, rather than forcing

the users to change how they work to accommodate the software developers approach.

5.1 UCD Models and Approaches

Models of a user centered design process help software designers to fulfill the goal of

a product engineered for their users. In these models, user requirements are

considered right from the beginning and included into the whole product cycle. Their

major characteristics are the active participation of real users, as well as an iteration of

design solutions.

Cooperative design: involving designers and users on an equal footing. This is the

Scandinavian tradition of design of IT artifacts and it has been evolving since

1970.

Participatory design (PD), a North American term for the same concept, inspired

by Cooperative Design, focusing on the participation of users. Since 1990,

there has been a bi-annual Participatory Design Conference.

Contextual design, customer centered design in the actual context, including some

ideas from Participatory design

All these approaches follow the ISO standard Human-centered design processes for

interactive systems (ISO 13407 Model, 1999).

5.2 Purpose

UCD answers questions about users and their tasks and goals then use the findings to

make decisions about development and design. UCD seeks to answer the following

questions:

 Who are the users of the document?

 What are the users tasks and goals?

 What are the users experience levels with the document, and documents like it?

 What functions do the users need from the document?

 What information might the users need, and in what form do they need it?

 How do users think the document should work?
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5.3 Visibility

Visibility helps the user construct a mental model of the document. Models help the

user predict the effect(s) of their actions while using the document. Important

elements (such as those that aid navigation) should be emphatic. Users should be able

to tell from a glance what they can and cannot do with the document.

5.4 Accessibility

Users should be able to find information quickly and easily throughout the document,

whether it be long or short. Users should be offered various ways to find information

(such navigational elements, search functions, table of contents, clearly labeled

sections, page numbers, color coding, etc). Navigational elements should be

consistent with the genre of the document. Chunking is a useful strategy that involves

breaking information into small pieces that can be organized into some type

meaningful order or hierarchy The ability to skim the document allows users to find

their piece of information by scanning rather than reading. Bold and italic words are

often used.

5.5 Legibility

Text should be easy to read: Through analysis of the rhetorical situation the designer

should be able to determine a useful font style. Ornamental fonts and text in all capital

letters are hard to read, but italics and bolding can be helpful when used correctly.

Large or small body text is also hard to read. (Screen size of 10-12 pixel sans-serif

and 12-16 pixel serif is recommended.) High figure-ground contrast between text and

background increases legibility. Dark text against a light background is most legible.

5.6 Language

Depending on the rhetorical situation certain types of language are needed. Short

sentences are helpful, as well as short, well written texts used in explanations and

similar bulk-text situations. Unless the situation calls for it dont use jargon or

technical terms. Many writers will choose to use active voice, verbs (instead of noun

strings or nominals), and simple sentence structure.
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