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Mind & Body Practical

Electroencephalogram and Galvanic Skin Response 
OBJECTIVE

In these experiments you will investigate signals (electrical potentials) that can be recorded from the surface of the skin and can give information about the functioning of the intact nervous system: i) The electroencephalogram (EEG) records activity in the brain, and can be used for the diagnosis of brain tumours and conditions such as epilepsy.  ii) The skin potential response reflects activity in the autonomic nervous system supplying the sweat glands, and can be used to detect responses to sensory and emotional stimuli.  It is similar to the psychogalvanic skin response (PGR), which is an important component of the polygraph lie detector test.

EQUIPMENT

You will use the same basic equipment connected to the computer workstation for both investigations.  
Recordings will be made with silver-silver chloride electrodes stuck onto the skin. To ensure good contact it is essential that the skin is degreased first using a swab soaked in a solvent (alcohol).  Note these are powerful solvents - ENSURE THAT THEY DO NOT COME INTO CONTACT WITH THE EYES OR ANY BROKEN SKIN - DO NOT BREATH IN THE VAPOURS.

Three electrodes will be used, two are connected to the inputs to the Bioamp signal amplifier, and the third acts as an earth to reduce interference from the mains supply (50 Hz noise).  The amplifier increases the signal size and incorporates filters to reduce the effects of unwanted signals (such as from muscle activity), before the signal is digitised and displayed.
The experiment will be conducted with the "CHART" software.  Start the experiment by one of your group logging into Blackboard and accessing UOSM2016.   Look in the folder labelled ‘Practical Information’ and you will find a file ‘EEG settings’. Double click on this to start the recording software. 
Details of the various settings used in each experiment are given below, but if you encounter any difficulty ask one of the demonstrators for assistance. The experimental procedure will be demonstrated to you and you will then conduct the experiment yourself. You should complete the experiment and obtain results as instructed below.
i)  ELECTROCEPHALOGRAM (EEG)
BACKGROUND

The activity of nerve cells in the brain is accompanied by many changes in electrical potential.  These spread through the solutions in the tissues of the head and by placing electrodes on the skin of the scalp it is possible to detect these brain potentials as the EEG.  The potentials are very small, of the order of microvolts (10-30 millionths of a volt) and require considerable amplification.  There can be a lot of interference from the mains supply and you should learn to distinguish mains interference from the slower electrical activity of the brain.  Muscle potentials from jaw muscles, or movements of the eyelids can also set up quite large (millivolt) potentials that can swamp the EEG and give the impression that the patient is having an epileptic fit, when this is not actually the case.

Various rhythms of activity can be present in the EEG.



alpha

 8-14 waves/sec



beta

14-16 waves/sec



delta

 8 waves/sec

Some examples of these waves are shown in the illustrations in this schedule.  You will be recording predominately alpha rhythm, which can be observed in a relaxed subject whose eyes are closed.

EXPERIMENTAL PROCEDURE

Stick one electrode on the forehead in the midline; this will act as the earth electrode.  Attach one electrode to the scalp on the back/top of the head (over the visual cortex), after thoroughly degreasing the skin, and the third on the scalp just above the ear on the side of the head.

Attach the leads from the preamplifer to the electrodes, and then place straps around the head to hold them firmly in place pressed against the skin.  It is important to ensure good contact between the electrode and the skin.

As described above you should already have started the programme ‘EGG settings’ from Blackboard.
For reference the settings are:

Filter 

Low pass  150Hx   
Coupling 
AC (high pass filtering to stabilise baseline)

Range

1mV

Sampling rate: 250 per sec

To get good recordings the subject should be relaxed and sitting comfortably and there should not be too much noise around.

INVESTIGATION

Determination of the conditions under which your subject produces alpha rhythm and calculate its frequency.

Start the chart running and tell the subject to close their eyes.  After approximately 5 seconds tell them to open their eyes.  Mark each eye closure/opening using the annotation function.  Repeat this cycle 1-2 times and you should see a build up of the alpha waves when the eyes are closed.

Experiments have to be built up; it sometimes takes a while for the subject to become fully relaxed and for the alpha waves to appear.

Ask the subject to clench their jaw and note the interference caused by the electrical activity in the muscles.  What happens if they blink their eyelids?

If you cannot get good alpha rhythm from your subject when they are relaxed and have their eyes closed, try another member of the group as a subject.  There is considerable individual variation in the ability to set up alpha waves on relaxation.  Some people show them with difficulty, others have them all the time.

If your subject has good alpha waves when their eyes are closed ask them to do some simple arithmetic, i.e. what is half of 2?  What is half of 1.5?  multiply 19 by 9, add 56 to 235.  Ask them to think of the answer, not to say it. When their brain is in active controlled use the alpha waves often disappear.

Collect print screens of example traces as you go along. Save them to your documnents or email them to yourself. You will need at least one example for your write up. 
They should look something like this:
Example traces of the effect of eyes opening and closing on an alpha rhythm- 

[image: image1.png]



time base 10mm s-1.

ii)  THE SKIN POTENTIAL RESPONSE
BACKGROUND

The secretion of sweat is under the control of the Autonomic Nervous System, and is accompanied by electrical changes in the skin around the sweat glands.  The activity in these glands is changing continuously with sensory input such as temperature, touch, sound etc and with emotional states.  
These physiological changes occur in all parts of the body supplied by the autonomic nervous system and include:

1) the sweat glands in the skin, especially on the palms of the hand and the soles of the feet (sweaty palms when nervous).

2) changes in the blood flow in the skin capillaries - causing blushing of the face (and other parts of the body!).

3) changes in the blood vessels and veins, leading to changes in blood pressure and hypertension.

4) the gastro-intestinal system leading to gut contractions, increased acid secretion and ulcers.

The electrical changes associated with sweat gland activity can be measured by recording the skin resistance.  In this experiment you will use this system to investigate how a wide range of sensory stimuli can affect the autonomic nervous system, and attempt to use it as a lie-detector.

EXPERIMENT SETUP
The methods for connecting the subject and setting up the ADI system are covered in detail in the ‘GSR further information’ in the ‘Practical Information’ folder on Blackboard.
The subject should be comfortably seated and relaxed, with their arm resting on the bench to avoid pulling the electrodes, and their eyes closed.  The operators should make as little noise as possible, and avoid making emotive comments because these will also cause responses that take time to recover.

INVESTIGATIONS  - to illustrate the multiple factors that control autonomic activity

1. Ask the subject to make a fast, maximal inspiration and record the response.  Note the delay of several seconds before any change is seen - autonomic reflexes are slower than those mediated by the spinal nerves involved in the stretch reflex.

2. Cutaneous stimulation - gently stroke the skin of the left arm.  Try repeating at 10 second intervals to see if the response adapts.

3. Sound/startle - creep up behind the subject and clap your hands by the side of his/her ear.  This should produce a large startle reaction, but still with a relatively long latent period 

4. Smells - let the subject smell from the sample tubes provided and note which tubes produce a response.  Avoid any direct contact with the contents.  

5. Visual - Using the book of pictures, show them one at a time to the subject at approximately 30 second intervals - it is important that the operators are neutral and do not make any comments about the pictures.  Note which pictures produce the strongest responses.

6. Lying - ask the subject to think of a number between 0 and 9.  They should not tell you which number they are thinking of.  Then ask them “Is it 0?”  They must say NO.  Wait 10 seconds.  “Is it 1?”.  They must say no again.  Wait to see if there is a response and then continue through the numbers.  They must say NO to every number.   If they are a bad liar you will see a bigger response to the number they were thinking of.  Try repeating the experiment for the month of their birth.

7. Emotive words.  Prepare a list containing both neutral and emotive  words.  Speak these slowly to the subject and observe the responses to each word.  Be sure to wait for the activity to settle down between each word, and mark the word on the paper to indicate timing and content of stimulus.

Collect print screens of example traces as you go along for use in the write up.

WRITE-UP

The write up should be concise and focused. The write up should contain the following: 

EEG
Write a brief introductory paragraph (not more than 300 words) describing how the experimental recording was made 20 MARKS 

Results & Discussion

i) Electroencephalogram

Present edited and annotated traces to show:

· EEG alpha rhythms showing the effects of eyes opening and closing.

· Effect of jaw clenching and eye lid movement.

· Effect of mental arithmetic on alpha rhythm
· Calculate the frequency of the alpha rhythm measured.   30 MARKS
How does each of the different experimental conditions affect the rhythms being recorded? 10 MARKS
ii) Skin Potential
Present edited traces to show:
·  Skin potential responses to different stimuli.
· Calculate the time delay between stimulus and response 20 MARKS
 Explain the mechanisms underlying the skin potential response to different stimuli in terms of autonomic nervous system function.  20 MARKS
SUBMIT YOUR ASSIGNMENT VIA BLACKBOARD UOSM2016
