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CHAPTER 3 – THE BIOLOGICAL BASIS OF BEHAVIOUR

KEY CONCEPTS

genetics – the study of heredity
cells – functional units consisting of organic material
mitosis – cell division in which all the genetic material is duplicated 

meiosis – cell division in which only half the genetic material is duplicated

human behaviour – human actions and responses
heredity – physical and personality traits passed on from generation to generation
nervous system – the organisation of nerves and nerve-centres in the body
brain – the centre of thinking, feeling, movement and information processing
somnolence
– a mental and physical state of sleepiness and inactivity
spinal cord – cylindrical nervous structure within the spine
muscles – contractile fibrous bands that produce human movement
fatigue – extreme tiredness
ergonomics – the study of the relationship between the physical working environment and the human body
job design – the structure of the job content
work-station design – the layout of the physical workplace 
This chapter discusses the biological factors and processes that determine human development and behaviour. The functioning of the genetic factors, the nervous system and the muscles are examined. The relationship between the human body and the physical work environment is explored to determine how comfort and performance in the workplace can be obtained. 

3.1

Introduction

Biology is relevant in a few areas in the study of human behaviour. To understand the “mind”, psychologists must be aware of people’s biology. The aim of the chapter is to explore the link between mind and body. 

3.2

Genetics

The cell is the basic unit of life.

3.2.1

Cells

Cells form the foundation of overall functioning in the human body from conception till death. Each cell contributes to the overall functioning of the body. Cells have common structural features as well as specific functions, such as metabolism, respiration, growth, receptiveness to stimuli, movement and reproduction. 

3.2.1.1
Mitosis

A human is formed when a male sperm fertilises a female ovum to form a zygote. The zygote develops through the continuous process of mitosis, whereby identical new cells are formed. Mitosis sustains growth and maintains the organism throughout its lifetime. 

3.2.1.2
DNA 
The genetic origin of all life is contained in the DNA molecule. Thousands of DNA molecules combine to form a chromosome. Each human cell contains 46 chromosomes, arranged in 23 pairs. DNA molecules replicate through mitosis to maintain the genetic material in new cells. Genes control heredity from parents and the daily functioning of cells. 

3.2.1.3
Meiosis

Meiosis allows ova and spermatozoa to be produced for the purposes of reproduction. Meiosis first involves the rearrangement of chromosomes in homologous pairs. The simultaneous exchange of chromosome parts results in the altering of the DNA composition of a single chromosome. This factor contributes to differences between parents and their offspring. In meiosis each member of the chromosome pair moves to opposite ends of the cell and the cell divides in half. Each daughter cell receives only half (23) the number of chromosomes of the parent cell. Each daughter cell then divides into two cells, so that a total of four cells are produced by the original germ cell, each containing 23 single chromosomes. In females one of these develops into an ovum which could be fertilised by a sperm, formed through the same process. After fertilisation the new cell once more contains 46 chromosomes.

3.2.2

Twins

When a zygote divides through mitosis soon after conception, the result is identical or monozygotic twins. No identical or dizygotic twins form when two ova are fertilised by different sperms more or less at the same time. Studies on twins have indicated the influence of hereditary and environmental factors on human development. 

3.2.3

Sex determination

Sex is determined by only one pair of the 23 pairs of germ cells. Sex chromosomes may be either X or Y chromosomes. Two X chromosomes produce a female while the XY combination produces a male. Sex can only be determined by the male cell, as all ova contain X chromosomes rather than Y chromosomes but sperm cells can contain either an X or a Y chromosome.

3.2.4

Genotype and phenotype

Some genes have a dominant effect, while others are recessive and only manifest themselves if two identical genes derive from both parents. “Genotype” refers to a person’s genetic constitution, while “phenotype” refers to manifested characteristics. Phenotype includes observable physical attributes and psychological traits, which manifest themselves owing to environmental influences. Genetic predispositions can be a factor in the development of a disease such as cancer. Parental love is seen as a basic example of genetically determined altruism. 

3.2.5

Multiple determination

Characteristics are not only determined by dominant or recessive pairs of genes, but also by the combined influence of various genes and their location in the chromosomes. This applies to various personality traits, as well as temperament and intelligence. The complexity of genetic influence and the complex interaction between heredity and environment determine the functional value of characteristics. The degree, intensity and time of influence of a gene on a phenotype also influences the development of characteristics. Various studies have attempted to probe the extent to which characteristics (such as attitude, extraversion and self-control) are hereditary. 

3.3

The nervous system

The nervous system consists of the central nervous system and the peripheral nervous system.

3.3.1

The neuron

A neuron is the basic nerve cell that integrates internal processes by conducting electrochemical impulses. Neurons are dispersed amongst neuroglial cells, which provide the interstitial tissue that insulates neurons from each other. 

Neurons react to stimuli from within the body or from the external environment. They transmit information to the brain and other body parts, from where a reaction is obtained. A neuron consists of a cell body, dendrites, an axon and axon terminals, each with a specific function. Some neurons are enveloped in a myelin sheath, which provides insulation. Multiple sclerosis (MS) is caused by the disorganisation of nerve activity owing to altered myelin. 

Stimulation of a neuron induces a change in the electrochemical potential of the neuron and results in a nerve impulse. The arousal thresholds of neurons differ and can be changed artificially with drugs. When an impulse is transmitted from one neuron to another, a chemical substance is released into the synapse area. 

3.3.3.1 
Neurotransmitters

Neurotransmitters can either have an excitatory or an inhibitory effect on the post-synaptic neuron. Examples of neurotransmitters are acetylcholine, norepinephrine and serotonin (associated with either aggression or depression). Alcohol intake induces inhibition of the nervous system. 

3.3.1.2 
Summation 

When impulses from a number of neurons combine to reinforce a stimulus this is called spatial summation. Temporal summation occurs when successive impulses from one axon become strong enough to activate a post-synaptic neuron. Spatial summation is important for organising complex memories, while temporal summation takes place when one idea is constantly repeated in order to remember it. 

3.3.1.3
Classifying neurons

Receptor neurons are responsible for the reception of sensory stimuli from the external 

environment or from within the body. Sensory neurons conduct information from the receptors to the nervous system. Motor neurons relay information from the central nervous system to the muscles and glands. Association neurons connect sensory and motor neurons to form multiple nerve connections.

3.3.2

The central nervous system

The central nervous system consists of the spinal cord and the brain.

3.3.2.1
The spinal cord

The spinal cord connects the brain to the rest of the body. It relays sensory impulses from the body to the brain, and motor impulses from the brain to the rest of the body. It allows the brain to link reflex behaviour and the higher mental processes it controls. 

3.3.2.2
The brain

The brain is the centre of human thinking, feeling, information processing and reaction.

The brain consists of billions of nerve cells grouped together. Oxygen and nutrients are conveyed to the brain by the blood. The electrical activity of the brain can be measured by an electroencephalograph (EEG). Epilepsy is caused by excessive discharges of stimuli by neurons. 

The cerebral cortex is the outer layer of the brain. The cerebral cortex processes complex mental data and is called the “grey matter” of the brain. The cortex surrounds the cerebrum, with comprises symmetrical hemispheres (left and right). 

Both the left hemisphere and the right hemisphere have specialised functions (hemisphere lateralisation). The left hemisphere specialises in logical, analytical and mathematical tasks, while the right hemisphere is more specialised in spatial visualisation, holistic processing and imagination. Some researchers believe that, depending on the task being carried out, one hemisphere can be more dominant than the other, and that in some people, one of the hemispheres is dominant. Each hemisphere is neurologically connected to the opposite side of the body. 

Each hemisphere is divided into frontal, parietal, occipital and temporal lobes:

· The parietal cortex receives sensory input from various body parts and controls speech and tactile perception. 

· The occipital cortex controls visual perception.

· The temporal cortex also controls hearing and visual perception, as well as memory.

· The frontal cortex is responsible for the cognitive control of information and has various executive functions, such as planning, problem-solving and organising. 

The thalamus serves as a relay station from which impulses are routed to and from the cerebral cortex. The thalamus also helps to interpret simple sensations, such as temperature and pain. 

The hypothalamus controls unconscious activities of various organs of the body, such as the heart and lungs. It controls body temperature, appetite, sleep, wakefulness, psychosomatic events and activities of the endocrine system. It also controls the pituitary gland. 

The limbic system is responsible for emotional responses such as excitement, despondency, mobility, passivity and anger. The limbic area stores past emotional responses. Linkages with the hypothalamus explain the relationship between emotional and physiological responses. 

The medulla oblongata controls vital functions such as respiration and blood pressure, and relays actual sensory stimulation.

The cerebellum controls muscle activity, muscle tone and balance.

The reticular activation system (RAS) serves as a co-ordinating centre consisting of diffused cells with inhibitory or excitatory functions involving activation, sleep and wakefulness. This mechanism brings the body to alertness and readiness. The RAS selectively transmits sensory stimuli to the cerebral cortex, enhancing its receptiveness. 

Dreams occur to everyone during REM (rapid-eye-movement) sleep. Research suggests that people dream to consolidate memories and reorganise cognitive information. Research also suggests that sleep weakens the connections between neurons, making the person fresh to learn something new. Sleep is a fixed biological necessity that should be considered in shift work.

3.3.3
The peripheral nervous system

Peripheral nerves feed information into and out of the central nervous system. The peripheral nervous system is divided into the autonomic and somatic nervous systems. 

3.3.3.1
The autonomic nervous system


The autonomic nervous system regulates visceral organ activities, such as the heart rate, glandular secretion, gastrointestinal motility and secretion, and urinary bladder emptying. It functions chiefly by reflex. The autonomic nervous system can be divided into the sympathetic and parasympathetic systems. The sympathetic system activates the organs in the body, while the parasympathetic system inhibits the organs. The functioning of these two opposite systems maintains equilibrium in the body. In certain people one of the two systems may tend to dominate.

3.3.3.2
The somatic nervous system

The somatic nervous system is connected to voluntary muscles in the body which, while under control of the central nervous system, cause changes in body posture. Although the autonomic and somatic nervous systems work independently, a specific situation can elicit reactions from both systems. 

3.4 

The endocrine system

The endocrine system consists of glands (ovaries, testes, adrenals, pancreas, pineal gland parathyroid and pituitary) that secrete hormones, which are transmitted to the brain and nervous system. The pituitary gland is the master gland. Damage can cause cognitive and autonomic dysfunction. 

The neuroendocrine functions and the immune system interact, and have profound effects on the body, mind and work behaviour when a person is not able to handle stress in a positive manner. Stress can either benefit immunity (if effective coping strategies are used) or suppress immunity. 

3.5

The muscle system

3.5.1

The structure and functioning of muscles

Muscles, which consist of fibres and are attached to bones by collagen fibres (sinews), are responsible for human movement. Muscles are connected to both motor and sensory nerves. Motor end plates synaptically connect muscle fibres to motor nerve axons. These plates release a chemical transmitter substance that causes the muscle fibres to contract. The number of muscle fibres stimulated, and the type, location and arrangement of the muscle tissue involved, will determine the speed, force and nature of the movement. The frequency of motor impulses to a muscle is determined by reflexes from the spinal cord and nerve activity generated by the brain, especially the cerebellum and the cortex. Energy for muscle movement is mainly provided through glucose and oxygen, which are released within the muscle.

3.5.2

Dynamic and static muscular activity

Dynamic muscular activity comprises a rhythmic succession of muscular movements through alternating contraction and relaxation, while static muscular activity refers to prolonged periods of contraction. Standing, for example, requires the continuous contraction of whole groups of muscles. During static muscular activity blood vessels are compressed and oxygen and sugar levels decreased. During dynamic muscular activity the opposite reaction takes place. Blood supply is proportional to the intensity of contractions. 

3.5.3 
Repetitive strain

“Repetitive strain” refers to the overuse of certain body elements. This is usually the result of the excessive and repetitive use of a body element, often a joint, muscle or tendon over a period of time. Different terms have been used to describe these phenomena. Damaged nerves or poor blood flow are often the cause of these injuries, which frequently occur in the hand-wrist-forearm area or shoulder and neck area. Spinal-column injuries also occur. The carpal tunnel syndrome (CTS) is the best-known repetitive strain injury, and caused by repetitive movements of the fingers and wrists.

3.5.4 
Working body posture

The nature of certain tasks obliges people to remain in fixed positions for long periods. When a task is dangerous or demanding, or affecting the safety of people, more care is usually taken in adapting to the environment. Poor design of the working environment can be very costly in all kinds of jobs. Specific aspects that need attention are vision requirements, and foot and hand operations. Hand tools should not only fit the hand properly, but should also ease wrist and arm movements. Improper posture and repeated and forceful operations lead to “overuse” disorders.

3.5.5

Loss of muscle power

A complete or partial loss of muscle power can be caused by disease, injury or psychological conditions. Most people who have lost muscle power are still able to work, depending on the demands of the job. However, certain problems are associated with muscle or limb loss. 

3.5.6

The design of work stations

A list of ergonomics recommendations are provided for a properly designed work station and the adaptation of work to the user. This includes making the working environment as comfortable as possible and finding ways to ease strain on the body. Areas that need attention are the work surface, seating arrangements, work space, controls and tools. Ergonomic principles that should be considered are reducing strain, easing body movements, alternating physical postures, providing extra energy and avoiding prolonged periods of immobility. 

3.6

Summary and conclusion

In this chapter basic physiological factors and processes relating to genetics, the nervous system and the muscle system were discussed. The interaction of these factors and processes determine human behaviour and performance, and should be taken into account during the design of equipment, jobs and the work environment.

The end !!!
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