MODULE 2 – THE HUMAN NERVOUS SYSTEM
INTRODUCTION
To survive, all organisms need to be able to sense changes in their environment and to control their responses to these changes. The nervous system and the endocrine system are important communication systems that co-ordinate, intergrade and carry out the activity of body cells, tissues, organs and the organism. They maintain a constant internal balance, while reacting to the changes that occur in both the external and internal environment. 
The nervous system is broken down into three parts: Central Nervous System (CNS), Peripheral Nervous System (PNS) and Autonomic Nervous System (ANS).
Nervous tissue consists of 3 types of neurons that have different functions: sensory, inter/connector and motor neurons.
A simple reflex arc allows organisms to react to stimuli in the environment quickly as a protective mechanism.
 Two weeks are allocated on the ATP for the teaching of the human nervous system.  Because the structure and function of the central nervous system and reflex arc has to be taught, it is important to use diagrams for the teaching and learning of this topic. You will also notice that we have included terminology lists as these are crucial for good performance. Please ensure that your learners do regular terminology activities and tests.  
There is practical work listed in CAPS that needs to be performed to enhance teaching and learning and video clips are also included.
OVERVIEW
This module deals with the human nervous system.   There is a detailed terminology list, followed by the structure and functions of certain parts of the nervous system, neurons, reflex arc and the nature and treatment of diseases affecting the nervous system.   
SPECIFIC OBJECTIVES
By the end of this session, participants will be able to: 
· Identify the different parts of the nervous system
· Identify the different structures of the brain.
· Describe the functions of the different parts.
· Draw and label the parts of the reflex arc. 
· Briefly explain the events occurring during a reflex action.
· Carryout an investigation on reaction time.


CONTENT 
You will study this module through the following units:
	Unit 1: Responding to the environment and coordination  of activities
             in the body

	Unit 2: Structure of the Nervous System 

	Unit 3: Structure of the Central Nervous System 

	Unit 4: Location and functions of the Peripheral Nervous System 

	Unit 5: Location and functions of the Autonomic Nervous System

	Unit 6: Structure and functioning of a nerve

	Unit 7: Structure and function of a simple reflex arc 

	Unit 8: Disorders of the CNS 


 UNIT 1 – Responding to the environment and coordination of activities in the body
             in the body


[image: https://encrypted-tbn0.gstatic.com/images?q=tbn:ANd9GcS4HIiL-DAGOCrS8Wn8oeOXjZPW7eC_6dOpmCmKTnVPqbu2ULl9oA]Terminology & definitions:
	Biological term
	Description

	Afferent neuron
	Neuron that carries impulses to the CNS.

	Alzheimer’s Disease 
	Progressive mental deterioration that can occur in middle or old age, due to generalized degeneration of the brain. 

	Autonomic nervous system
	The part of the peripheral nervous system that controls involuntary actions.

	Axon 
	The long threadlike part of a nerve cell along which impulses are conducted from the cell body to other cells.

	Central nervous system 
	The part of the nervous system that consist of the brain and spinal cord.

	Cerebrospinal fluid
	A watery fluid, continuously produced and absorbed, which flows in the ventricles (cavities) within the brain and around the surface of the brain and spinal cord.

	Dementia
	A general term used for memory loss and loss of other intellectual abilities. 

	Dendrite
	A part of the neuron that conducts impulses towards the cell body.

	Efferent neuron
	Neuron that carries impulses to the CNS.

	Effectors
	Are muscles or glands that respond to the message from the nervous system (brain and spinal cord).

	Medulla oblongata
	The part of the brain that controls the heart rate.

	Meninges
	A collective name for the membranes that protect the brain.

	Multiple sclerosis
	A disorder of the nervous system that is characterised by the breakdown of the myelin sheath of neurons.

	Myelin sheath 
	A fatty layer wrapped around the neuron, which acts as insulation.

	Nerve
	Bundle of neurons. 

	Neuron
	One nerve cell.

	Neurotransmitter 
	Chemical that is released from a nerve cell which thereby transmits an impulse from a nerve cell to another nerve, muscle, organ, or other tissue.

	Peripheral nervous system
	The part of the nervous system made up of cranial and spinal nerves.

	Receptors
	Structures located in the sense organs.  They convert a stimulus into an impulse.

	Stem cells/meristematic cells
	Undifferentiated cells that can develop into any cell type.

	Stimulus
	A detectable change (e.g. pain, heat, light, sound) that will be received by a receptor and converted into an impulse.

	Synapse 
	1. A junction between two nerve cells, consisting of a minute gap across which impulses pass by diffusion of a neurotransmitter.



[image: https://encrypted-tbn0.gstatic.com/images?q=tbn:ANd9GcS4HIiL-DAGOCrS8Wn8oeOXjZPW7eC_6dOpmCmKTnVPqbu2ULl9oA]Nervous co-ordination
· To survive, all organisms need to be able to sense changes in their environment and to control their responses to these changes. 
· The nervous system and the endocrine system are important communication systems that co-ordinate, intergrade and carry out the activity of body cells, tissues, organs and the organism. 
· They maintain a constant internal balance, while reacting to the changes that occur in both the external and internal environment 
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Reaction to stimuli in the environment
· The nervous system and sense organs play an important part in picking up stimuli, gathering information and responding quickly to changes from both the external and internal environment to maintain a constant state. 
· The nervous system in vertebrates performs five main functions:  
1 Gathers information  using the senses 
2 Transmits information to processing areas of the brain
3 Processes information
4 Formulates responses to stimuli 
5 Sends information back through the network of effector organs to execute the response   

[image: A close up of a logo

Description automatically generated]

	[image: https://encrypted-tbn3.gstatic.com/images?q=tbn:ANd9GcTmvb5W3o3iVwoibBV6dgGW1cSvmySKmDtq6S6HPelleSIjW6OVN1fL4lQ]                                                    ACTIVITY 2.1

AIM: To enable participants to carry out an investigation on reaction time 

           METHOD:  in pairs carry out the instructions of the 3 investigation below and record the results in the table provided. Answer the related questions 

WORKSHEET 6 – Gr.12 resource material
REACTION TIME

Reaction time is a measure of how quickly you can respond to a given stimulus
[image: Image result for reaction time test]
This experiment will be broken down into three phases.
· You will first use one ruler and react visually
· Secondly you will use one ruler but be blindfolded
· Thirdly you will use two rulers
Experiment 1
In this phase you and your partner will test visual reaction time using one ruler
Method
· Your friend must hold the ruler at the 30 cm mark and your hand must be at the 0 cm mark.
· Your friend must release the ruler and you must catch it as quickly as possible
· You therefore react to the visual stimulus of the ruler released.
· Record the centimetre mark where you caught the ruler 
· Repeat the experiment four more times
· Switch places with your partner and repeat the experiment
Record the results in the following table
Visual stimulus
	Name 
	 Name 

	
	

	
	

	
	

	
	

	
	

	Average
	Average









Experiment 2
In this phase you and your partner will test tactile reaction time using one ruler
Use the same method described in experiment 1. The person who catches the ruler must be blindfolded for this experiment. Before you drop the ruler touch the blindfolded person’s shoulder and again record the centimetre mark where the ruler is caught.
Record the results in the following table
Tactile stimulus
	Name 
	 Name 

	
	

	
	

	
	

	
	

	
	

	Average
	Average




Experiment 3
In this phase you and your partner will test audio reaction time using two rulers.
Use the same method described in experiment 1. Before your partner drops the ruler he must call out “left” or “right” (randomly) and again record the centimetre mark where the ruler is caught. 

Record the results in the following table
Audio stimulus
	Name 
	 Name 

	
	

	
	

	
	

	
	

	
	

	Average
	Average




QUESTIONS
1. Did you get the same reaction time of your five trials? What factors might cause this?
2. What was your fastest reaction time?  (Visual, tactile or audio). Give a reason for your answer.
3. If you wanted to know how long it might take you to react to any given stimuli, would it be better to consider your fastest, slowest or average reaction time? Explain your answer.
4. Calculate the average of each of the three stimuli from the learners in your class.
5. Do your results match the averages mentioned above?
6. Do you think one’s reaction time might improve? State two reasons for your answer.


APPLICATION QUESTIONS

1.  Use a stopwatch to find out how much time it takes for you or your partner to catch the falling ruler from the time it is let go to the time it is caught over the average distance (Experiment 1).  This will help you compare your reaction time with that of your partner.
2. Use the reaction time calculated in question 1 above, to determine how far a car moving at 100km/h will travel before it can be stopped by the driver.  Use the following formula:
                                      Reaction time (s) x 100km
                                                    3 600 s                            (Note: 3 600 s = 1 hour)
3. What implication does reaction time have for driving?


UNIT 2 – Structure of the nervous system

             in the body


NERVOUS SYSTEM
ANS
PNS
CNS
CENTAL NERVOUS SYSTEM
· Brain 
· Spinal cord
· Consists of multipolar neurons
· Aka connector /interneurons
PERIPHERAL NERVOUS SYSTEM
· Cranial nerves
· Spinal nerves
· Unipolar& bipolar neurons
· Aka sensory & motor neurons
AUTONOMIC NERVOUS SYSTEM
· Nerves that branch off the CNS
· E.g. Vagus  nerve



















UNIT 3 – Structure of the Central Nervous System
             in the body
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The Central Nervous System (CNS)
· The brain and the spinal cord together form the central nervous system (CNS) 
· The whole CNS is surrounded by a system of membranes called the meninges, which protect it.
· The brain is housed in the cranium and the spinal cord in the vertebral column

[image: ]

Structure and function of the parts of the brain 
· The brain consists of three main external parts 
· The large cerebrum
· The smaller spherical cerebellum 
· The brainstem which has the medulla oblongata and the pons 
· The cerebrum and cerebellum are divided into two hemispheres 
· The two hemispheres of the cerebrum are joined by the corpus callosum 
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 Cerebrum
• Controls voluntary
    Actions

• Receives and interprets
   sensations from sense organs

• Higher thought processes
Medulla oblongata
• Transmits nerve impulses between the spinal cord and the brain
• Controls involuntary actions such as heartbeat and breathing
Corpus callosum
· Connects the left and right hemispheres of the brain – allowing communication between
               both hemispheres
Hypothalamus
· Control centre for hunger,
               thirst, sleep, body
               temperature and emotions
Structure of the brain and the functions of certain parts
Cerebellum
• Coordinates all voluntary movements
• Controls muscle tension to maintain balance
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The spinal cord 
· The spinal cord is inside the vertebral canal and is an extension of the brain.
· Protection:  vertebrae, meninges and cerebrospinal fluid. 
· From each side of the cord 31 pairs of spinal nerves arise from ventral and dorsal roots. 
· Function:
· The spinal cord is the pathway for all impulses conducted to and from the brain. 
· The grey matter lies on the inside in the shape of an ‘H’
· The white matter lies on the outside (opposite to the cerebrum).
· The spinal cord processes all reflex actions. 
· The spinal cord functions automatically and is not controlled by the will.
· Sympathetic and parasympathetic nerve impulses are conducted along the spinal cord to all organs.
[image: ]
	  [image: ]                                                  ACTIVITY 2.2

AIM: To enable participants to identify structures of the brain and state their functions

           METHOD:  Complete the following questions from a past exam paper 
           

DBE/November 2019
1   The diagram below shows some parts of the human central nervous system.



1.1 Identify part:
(a) A                                                                                                                                      (1)
(b) C                                                                                                                                      (1)

1.2 Write down the LETTER and the NAME of the part that:
(a) Has the centre for interpreting taste                                                                       (2)
(b) Regulates the heart rate                                                                                            (2)
(c) Is responsible for motor coordination                                                                     (2)
                                                                                                                                        (8)    








UNIT 4 – Location and functions of the Peripheral Nervous System
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Peripheral nervous system 
· The peripheral nervous system (PNS) is all the nervous tissue outside the central nervous system (CNS). 
· It is divided into the somatic nervous system and autonomic nervous system and is made of 43 pairs of nerves: 
· 12 pairs of cranial nerves
· 31 pairs of spinal nerves 
· Function: the somatic nervous system receives information from receptors and conveys the information to the CNS. 
· It also transmits the impulses from the CNS to effector organs 
[image: ]
UNIT 5 – Location and functions of the Autonomic Nervous System
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Autonomic nervous system 
· The autonomic nervous system (ANS) controls the heart rate, breathing, digestion and gland functions e.g. salivary glands secreting saliva. 
· The autonomic nervous system has TWO branches.
· The sympathetic branch prepares the body for energy-expending, stressful, or emergency situations.
· The parasympathetic branch is active under ordinary, restful conditions.
· The two systems have an opposite effect: one stimulates, the other inhibits i.e. each organ in the body is innervated by the sympathetic nerve and parasympathetic nerve. 
· This is known as double innervation. 
· E.g. the sympathetic nerve causes the iris to dilate and the parasympathetic nerve causes the iris to constrict. 

[image: ]

	Sympathetic branch
	Parasympathetic branch 

	1. Increases heart rate 
	1. Decreases heart rate 

	2. Relaxes walls of the bladder 
	2.   Contracts wall of the bladder

	3. Dilates pupils
	       3.   Constricts pupils 

	4. Constricts many arteries
	       4.   Dilates arteries

	5. Increases blood pressure 
	       5.   Decreases  blood pressure 



UNIT 6 – Structure and functioning of a nerve
             in the body


[image: https://encrypted-tbn0.gstatic.com/images?q=tbn:ANd9GcS4HIiL-DAGOCrS8Wn8oeOXjZPW7eC_6dOpmCmKTnVPqbu2ULl9oA]
Neurons – nerve cells  
· Neurons are specialized cells which connect the brain and spinal cord to all other parts of the body.
· Each neuron has the following parts:
		1. Cell body
		2. Dendrites
		3. Axon
· The dendrites always carry the impulse to the cell body and the axon always carries the impulse away from the cell body.
· Axons and dendrites may be myelinated i.e. they have a fatty layer wrapped around them, which acts as insulation.
· Bundles of neurons form nerves.  
Axon
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Types of neurons 
· Sensory neurons
· afferent neurons
· carry impulses to CNS
· either unipolar or bipolar
· sensitive to stimuli in the environment
· Connector/inter neurons
· receive impulse from sense organs
· always multipolar
· integrates or analyses information
· effects a response 
· Motor neurons
· efferent neurons
· carry impulses away from CNS
· always multipolar
· effect a response

[image: ]





UNIT 7 – Structure and function of a simple reflex arc
             in the body
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A reflex arc
· The simplest form of nervous activity is the reflex action, which are actions you do without thinking.
· The nerve pathway taken in a reflex action is called a reflex arc. 
· The nervous message goes to the spinal cord, and then a message passes from the spinal cord directly to an effector to give an immediate response.
Significance of a reflex arc
· A reflex action is involuntary or automatic. 
· Simple reflexes are inborn safety mechanisms to protect the body by producing immediate responses to the changes in the external and internal environments.

[image: ]
	   [image: ]                                                 ACTIVITY 2.3
AIM: To enable participants to describe the parts of an reflex arc and explain a reflex action

           METHOD:  Complete the questions from past papers 
           
GP Prelim P1 2018
1. The diagram below shows part of a person’s nervous system that has been cut at X.


                  A bee stings the finger, as shown in the diagram above. What are the effects of this sting on    
                  the person? 

	A     The person feels no pain and does not move his / her arm away. 

	B 
	The person feels no pain and moves his / her arm away. 

	C 
	The person feels pain and does not move his / her arm away. 

	D 
	The person feels pain and moves his / her arm away. 




DBE, June 2018, Paper 1
2.  The diagram below represents a possible 'path' followed by an impulse when a person touches a hot plate.
[image: ]

2.1  Name the 'path' represented in the diagram                                                                                    (1)
2.2  Identify the type of neuron represented by:  
       (a)  B                                                                                                                                                          (1)  
       (b)  C                                                                                                                                                          (1)  
       (c)  E                                                                                                                                                           (1)
2.3 Give the LETTER only of the part that represents the:  
       (a)  Receptor                                                                                                                                            (1)  
       (b)  Effector                                                                                                                                              (1)
2.4 Give the LETTER and NAME of the:  
       (a)  Region where the impulse is transmitted chemically                                                               (2)  
       (b)  Part that has an insulating function                                                                                             (2)
                                                                                                                                                                        (10)




A synapse
· A synapse is the point where an impulse passes from the terminal branch of the axon of the one neuron to the dendrite of the next neuron. 
· The neurons NEVER touch each other. 
· The gap between the two neurons is called the synaptic gap. 
· Chemical neurotransmitters such as acetylcholine/dopamine/serotonin help to transmit the impulse from one neuron to the next across the synaptic gap. 

Significance of a synapse
· Ensures that the impulse travels in one direction.
· At the synapse a nerve impulse can either be speeded up or slowed down or blocked.
· Therefore, it enables unnecessary or unimportant background stimuli to be filtered out. 
· Channels impulses so that reactions are integrated and become part of learning and memory.
 
[image: ]
UNIT 8 – Disorders of the CNS
 
             in the body



Diseases of the Nervous system 
Alzheimer’s Disease 
· Alzheimer’s disease (AD) is the most common form of dementia. 
· Usually affecting people over 65, although some people may develop early-onset AD.
· Characterized by a loss of neurons and synapses in the cortex of the brain, as well as the presence of clumps of proteins (amyloid plaques) and tangled bundles of fibers. 
· There is no cure for the disease, which is progressive and eventually leads to death. 
· Cause: Unknown
· Symptoms: The loss of brain function results in 
· Slower thinking 
· Behaviour changes 
· Confusion about events, time and places 
· Difficulty recognizing people they know
· Difficulty speaking, swallowing and walking  
· Cure: None
· Treatment:
· Researchers are trying to find better ways to treat the disease, delay its onset  and prevent it from developing. 
· Stem-cell research and therapeutic cloning hold great potential for providing a cure for Alzheimer’s disease. 

Multiple sclerosis 
· Multiple sclerosis (MS) is a progressive, degenerative disorder of the central nervous system (CNS), including the brain, optic nerve and spinal cord.
· MS commonly occurs between the ages of 20 – 40 and affects more women than men. 
· Multiple sclerosis means ‘many scars’, resulting in damage to the axon-coating myelin sheath of nerve cells in communication pathways.
· Scattered patches of demyelination in the pathways make it impossible for messages to move these hard areas. 
· Cause: Auto-immune disease
· Symptoms: MS affects:
· Movement, feeling and co-ordination and balance
· Vision, tingling and numbness, muscle weakness and spasms 
· Fatigue
· Bladder and bowel problems
· Pain
· Concentration and memory loss
· Mood swings 
· Cure: None
· Management strategies: 
· Healthy lifestyle
· Stem-cell research and biologically engineered production of interferons slow down the progress of the disease 
[image: ]Normal neuron
Neuron affected by Multiple sclerosis 


[image: ]Diseases affecting the nervous system 
Alzheimer’s disease (AD)
progressive mental deterioration that can occur in middle or old age, due to generalized degeneration of the brain. 
Multiple sclerosis (MS)
A disorder of the nervous system that is characterised by the breakdown of the myelin sheath of neurons


RESOURCES 
https://viaafrika.com/free-downloads/
https://www.youtube.com/watch?v=qPix_X-9t7E&t=23s
https://www.britannica.com/science/nervous-system
https://www.dictionary.com/
MODULE SUMMARY
The structure of the brain and reflex arc must be studied with the aid of diagrams. There is practical work listed in CAPS that needs to be performed to enhance teaching and learning.

REFERENCES  
· DBE Exam guidelines for learners 
· GDE ATP
· 2015-2019 NSC past papers 
· 2014-2019 national diagnostic report on learner performance 
· Approved grade 12 national textbooks
· ‘Mind the Gap’
· Internet 
· Gauteng grade 12 Life Sciences Revision booklet








image4.jpeg




image5.png
Lateral





image8.png




image9.png




image10.png
The Spinal Cord





image11.png




image12.png





image13.jpeg
uId3sAS SnNoAIaN [eraydirad

Jy¥0D TVNIdS

PERIPHERAL
NERVOUS SYSTEM
BRAIN

wd3sAS snoaraN [eraydirad





image14.png
Parasympathetic Sympathetic gania Sympathetic

Constricts pupl iates pupl
& Diates pupi

Inhibits
Salivation

Relaxes bronchi

Accalerates
heart

Thorac

+ " Inhibits digestive activi
Simuates dgestive =t h nhibs dgesie acty

)

ity AN Simutes ghcose
1 #ecace by ver

Stmdates

gl Secetonof einephrine and

Contracts

Hader Relaces bladder

Relaxes rectum Contracts rectum





image15.png
© The McGraw-Hill Companies, Inc. Permission recuired for reproduction or cisplay.

Neuron Structure

Dendrites

Schwann
cell

Myelin Node of

sheath Ranvier




image16.png
Types of neurons

motor neuron





image17.jpg
Peripheral Central
nervous nervous
system system





image18.png
Bee

Sensory neuron

Fanom

Motor neuron

&?3






image19.png




image20.png
Receiving
neuron

Synaptic

Synaptic
— vesicles
Dendrite
Synaptic of receiving
cleft neuron

Neurotransmitter Receptor
molecules sites




image21.png
Myelin sheath

Nerve finer

© MAYO CLINIC





image22.JPG
4. Hypothalamus

Brain, types of neurons and reflex arc

Tnstsmus i stusted under e
oorpus callosum, and the
ypoihalams s stuated underthe
tames
Niintanance of omsostsis. by
reqiaing e folowng:

bl pressure
Pearsest
Bodytemperature
poiitioty
Punger, sppets, tirst
sy

It ot t unctioning o the
ypophysis, utich secrles several
Vil mporant omones

3. Medulla oblongata /

+" Lowest part o thebrinstem and i an xtension o th spinal cord
+ IEansmis nenve impuises betwsen e spnalcord and e bran
+ Conros autonemicunctons. incuding the olowng:

o ate- 3nd deptn of bresting

g el

2 Vasomotor aciiy- widering and rarowing ofbood vessels

Reflex arc
Reflexarc is the basic
working unit of the
neurons and rapidly and
automatically links stimuli
to responses via inter
neurons of the central
nervous system

1.Cerebrum

Funcions: Ooupies wo-thids of e crarial space
‘Contans motor aress whee Sl urtary scions
orgnate

‘Contans sensory areas thatinterpret nerve
impulses from the sense organs 5o Tt the
sensation o sight,sound, small taste and
Touch oan arse

‘Sastof igher menta uncions such a5 memory.
ntligence cie

2.Cerebellum

« i stusted blow anc bahing the osrsbrm.
© oo oinstes snd sonres th sctons of s

voluiary miscies o make smoch and precise
movemen possise

+ Iconiis thetension nhe muscls (muscle:

fone) o mainiain baance and pase

2. Sensory neuron: carries.
impulse from the receptor to’
the CNS.

3. Inter neuron: caries
impulse from sensory
neuron to mator neus
the spinal cord

1. Receptor: A cellor
organ which receives
a stimulus and
comvertitintoa
impuise

4. Motor neuron: carrers
impuise from the central
nervous systemto the:
effector

Types of neurons 7

Dendrite
1

2

,

Dendrite

Cell body with
nucleus

Synapse s the unction between
the end plate of one nerve cell
and the dendrite of the net

An impuise artives at the

smapse
At the end piate are iy sacs.
containing a cheical
(neurotransaitier)




image1.jpeg
I

y\a{;ef 1

[





image2.jpg
Name types of stimuli?





image3.png




image6.png




image7.png
GAUTENG PROVINCE

EDUCATION
REPUBLCOF SOUTH AFRICA




