HIGHER CORTICAL FUNCTIONS:  Recording of Surface Potentials

OBJECTIVE

In these experiments you will investigate two types of potentials that can be recorded from the surface of the skin and can give information about the functioning of the intact nervous system: The electro-oculogram records potential changes associated with eye movements and can be used to detect changes in the direction of gaze. 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 ADI equipment connected to the computer workstation for all three investigations.  

Recordings will be made with silver-silver chloride electrodes stuck onto the skin (similar to ECG chest electrodes).  To ensure good contact it is essential that the skin is degreased first using an alcohol swab.  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.
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 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) Increasing heart rate, getting ready to fight or run!

The electrical changes associated with sweat gland activity can be measured by recording the skin resistance, and change in heart rate can be measured with a simple ECG set-up. 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

First, attach electrodes to the inside of both wrists and just above the left ankle of your subject. The positive (black) and negative (white) cables attach to the wrist electrodes and the earth (green) attaches to the ankle electrode. This is the basic ECG set-up to measure heart rate. Now, open the file named “GSR” on blackboard. Once loaded - there will be a dropdown menu on the right hand side of the screen next to the “Channel 1” input. Select “GSR amp” from this menu. You will now have the GSR amplifier dialog box open. With the finger electrodes left on the bench hit the “Open Circuit Zero” button. Now attach the finger electrodes to your subject on the middle sections of the index and middle fingers of one hand, making sure any rings are removed and the metal plates are on the palm side of the fingers. Once the signal has calmed down, hit the “Subject Zero” button. Now close the dialog box and hit start!
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, deep breath in 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 - ask the demonstrator for a 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. Q: Why would this not be a good way of telling if someone is lying with more emotive questions? 
7. Emotive words.  Prepare a list containing both neutral and emotive neutral 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.

THE ELECTROOCULOGRAM (EOG)

BACKGROUND

There is a small electrical potential between the front and back of the eye.  The eye acts as a small electrical battery.  As the eye rotates the poles of the battery move relative to electrodes placed on the skin near the eye, and a change in potential can be recorded.  

The eye can make different types of movements, and these can all be recorded.

a) saccadic movements (jerks) carrying the eye from one fixation point to the next.

b) smooth pursuit eye movements following a moving object.

c) compensatory reflex eye movements to allow for passive or active movements of the head.

EXPERIMENTAL PROCEDURE

Stick electrodes on the face next to the outer corner of each eye.  Do not place them so close to the eyes that they interfere with eye closure, or cause any discomfort.  Connect these electrodes to the amplifier inputs (Black cable = Positive, White Cable = Negative), and connect the Green Cable (Earth) to the electrode on the forehead.
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INVESTIGATION

Test the system by getting the subject to look left, look right, look left MOVING THEIR EYES ONLY. Adjust the chart software to obtain a good deflection. If it does not work ask for help from a demonstrator/technician.
Detect saccadic eye movements: -Get your subject to read aloud from a piece of solid text.  Record the eye movements as the subject reads.  Note the eye fixations along the words of the line and the quick move back to get to the new line.

Measure tracking movements:- Record the eye movements when the subject follows a pencil or finger moved slowly from side to side approximately 0.5 metre in front of their face.

Investigation of vestibular reflex - Get the subject to move their head rapidly from side to side left to right, and record the pattern of eye movements. Q: Determine if there is any difference when they do this with their eyes closed or they passively allow their head to be gently turned from side-to-side? Q: Why would the signal be very messy if you move too quickly?
