Manual for CBU Psychophysiology Lab

Barney Dunn (amended February 2012)

Introduction

This manual outlines localised aspects of the set up of the CBU psychophysiology lab. The unit has a number of BIOPAC systems (2xMP100s, 1xMP150, 1xMP?) running AcqKnowledge software (latest version we have is 4.0). This document is designed to be read in conjunction with technical resources from BIOPAC and more general reading on psychophysiological principles. Information contained in those documents is therefore not duplicated here.

BIOPAC technical resources

BIOPAC software and hardware manuals are available in Adobe Acrobat format on the AcqKnowledge CD-ROM and are also copied onto the recording computer in the lab. There are also helpful support documents on the BIOPAC website (see http://biopac.com/fr_support.htm). In particular, the user should read the Hardware manual Chapters 1 –3 and the sections on EMG, ECG, electrodermal response and electrodes from Chapter 4 as well as the Getting Started section of the software manual. For specific queries, you can contact BIOPAC help via e-mail or speak to Rob Jones at Linton instruments (who are the UK agents for BIOPAC).
Background Reading on Psychophysiology

It is extremely useful to do some background reading on basic psychophysiological principles prior to starting to use the equipment. At the very least you should have an understanding of Wilder’s Law of Initial Values, stimulus response specificity, and individual response specificity before you start to collect data, as these have important implications for experimental design. The following general textbooks are particularly helpful:

Handbook of Psychophysiology (2nd edition), edited by Cacioppo et al. 

· chapter one for a general overview

· chapter seven for EMG

· chapter eight for GSR

· chapter nine for heart rate

(a 3rd edition of this text book is available but I have not read it)

Psychophysiological Recording (2nd edition), edited by Stern et al.

Also look at publication guidelines for psychophysiology:

· Fowles, D. C., Christie, M. J., Edelberg, R., Grings, W. W., Lykken, D. T., & Venables, P. H. (1981). Publication recommendations for electrodermal measurements. Psychophysiology, 18(3), 232 - 239.

· Fridlund, A. J., & Cacioppo, J. T. (1986). Guidelines for Human Electromyographic Research. Psychophysiology, 23(5), 567-589.

· Jennings, J. R., Berg, W. K., Hutcheson, J. S., Obrist, P., Porges, S., & Turpin, G. (1981). Publication guidelines for heart rate studies in man. Psychophysiology, 18(3).



Overview of Lab Setup

The basic set up of the lab is a stimulus computer, a recording computer, a Biopac MP100 or MP150 data recorder, an interface unit (UIM), and amplifiers and electrode set-ups for various psychophysiological measures (see schematic diagram below).
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The MP100 data acquisition unit connects to the recording computer running AcqKnowledge software (currently version 4.1) via the USB port. The MP150 is similar but communicates via an Ethernet connection. Both systems are powered from a mains connection (but can also be run from rechargeable batteries should this be necessary). The MP100 connects to a Universal Interface Module (UIM) which transmits pre-amplified analogue and/or digital signals from external devices – in this case analogue signals from electrode-amplifier configurations and digital signals from the stimulus computer. The UIM is cascaded in a chain with a series of amplifiers that take the analogue signals from electrodes and amplify them among other things. Each amplifier attached to the MP100 is assigned to a unique analogue channel by setting the red switches on the top of each one (e.g. GSR = 1, ECG = 2). 

The task computer is linked to the MP100 via a parallel port cable connection into the STP100C. This is allows digital markers to be stored on the AcqKnowledge record indicating what is occurring when in the experimental task. The parallel port has eight pins you can write out on: pin 1 corresponds to digital channel 9, pin 2 corresponds to digital channel 10 and so on. Modern computers increasingly do not come with a parallel port. Instead you can use an express card parallel port adaptor (Quatech SPPXP-100 seems the most robust make)

 To use this function experimental tasks need to be programmed to send out digital pulses indicating when particular events are happening. At present we have developed this for tasks written in E-prime or Visual Studio. You can use the inpout32.dll (http://logix4u.net/parallel-port/16-inpout32dll-for-windows-982000ntxp) or TVCIport (http://www.entechtaiwan.com/dev/port/index.shtm).  The latter is better but slightly fiddle to code. It is necessary to use an STP100C rather than the digital inputs direct into the MP100 to ensure that the participant is fully insulated from any potential mains power surges. In our lab we are currently using one amplifier for ECG and one for GSR. We also have three amplifiers for EMG (orbicularis occuli, corrugator, frontalis), but as these are not routinely used they are not currently connected. A worked example of a task and template will be made available on the psychophysiology network space. 
Before you test

1. Think about what psychophysiology data will actually be able to tell you (i.e. it is not a simple measure of ‘arousal’).

2. Talk to experienced users of psychophysiology equipment about task design issues specific to psychophysiology (e.g. building in sufficient baseline periods to create change scores and allow slow signals to return to baseline between events)

3. Approach regular users of the lab and check for availability

4. Approach computing staff to setup network space on ‘phys’ (where you can store psychophysiology data)

Amplifier Set-up

The amplifiers have a number of settings on them that allow you to adjust gain and filtering. 

Gain refers to the amplification of a raw signal value. Therefore,the higher the gain the larger the signal that will be recorded. Specifying a higher gain setting on amplifiers means that you are interested in will be a of an increasing magnitude (e.g. a gain of 5 on SCR means you are interested in a signal between 0 and 50 micro-ohms, whereas a gain of 10 on SCR means you are interested in a signal between 0 and 100 micro-ohms). 

Frequency refers to the number of occurrences within a given time period. Higher frequencies are parts of the signal that change over very short time periods (e.g. ‘the blink of an eye’) whereas low frequencies are parts of the signal that change over long time periods (e.g. ‘circadian rhythm‘). Depending on what you are interested, you sometimes want to remove signals of a particular frequency (a bit like covarying out a variable) using filters. High pass filters cut out components of the signal at a lower frequency than the filter and allow all other signals to pass (i.e. control for baseline drift in signal). Low pass filters cut out the components of the signals at a higher frequency than the filter and allow all other signals to pass (i.e. control for rapid fluctuations in signal that are unrelated to the construct of interest). 

Notch filters cut out all the components of the signal at frequencies within the range specified and allow all other signals to pass. This is useful to remove electrical interference from the data (in the UK using a 48 – 52 htz notch, as mains are at 50 htz).

It is extremely important to use consistent amplifier settings for each physiological channel recorded, as adjusting these amends the raw signal recorded. Note carefully at the start of each experiment what amplifier settings you wish to use and check at the start of each testing session that these have not been modified. We recommend you use the following settings:

EMG (x 3): channels = 1, 2, and 3, gain = 5000, LP = 5 KHz, 100Hz HP = off, HP = 1.0 Hz

GSR: channel = 4, gain = 5 micro-ohms, LP = 1.0 Hz, HPs = both to DC

ECG: channel = 5, gain = max, rwav, filter = on, hipass = off
We strongly recommend that you do not amend the amplifier settings in the lab for any reason. In particular, never move the HP filters on the GSR away from dc – if you do this mean you record relative (to the start of your testing session or a particular time point) rather than absolute values, therefore making between group comparisons impossible. If you do have good reason to amend the settings, make sure you let everyone else know who is using the lab. If you do not follow this advice, you will seriously compromise other people’s experiments and make their data impossible to analyse.

Starting the Equipment

To ensure the MP100 and recording computer connect to one another it is necessary to switch the equipment on in the following order: 

1) Switch on the analysis computer. 

2) Switch on the MP100. Ensure that the busy (green) light comes on for 1-5 secs. If this does not happen start the process again.

3) Start Acknowledge. Check that the AcKnowledge can has a green light in the bottom corner, indicating that a satisfactory connection has been established.

4) Only then switch on the stimulus computer.

5) Switch off all other electrical components in the testing area except the stimulus computer set-up to minimise electrical interference.

If you do not follow this process, you are likely to get an error message from Acqknowledge that it cannot find the MP100. If this happens, switch everything off and start again. 

Attachment, removal, cleaning and storage of electrodes.

The electrode cables run from the amplifier set up around the back of the stimulus computer and are kept on hooks on the back wall of the testing cubicle when not in use. Each electrode set-up is labelled with ECG, EMG or EDA (GSR)

Space is very limited in the lab and so once the electrodes are connected then the participant should not move the chair as this may run over the cables and damage them.

GSR

For GSR unshielded electrodes in plastic finger mounting cylinders are used. These are Biopac TSD203 silver-silver chloride electrodes. The surfaces of the electrodes are very sensitive and should not be touched. Biopac skin conductance electrolyte (Gel 101) is used for GSR. This mimics the salt concentration of sweat and therefore does not alter the conductance properties of the skin (do not use the standard emg electrode gel in the GSR transducer as this will impair the signal quality; see Grey & Smith, 1984).

No abrasive preparation of the skin is required for GSR. Ask participants to wash their hands without soap or using ivory soap if they have cosmetic products on their fingers. Skin temperature should be warm (for a better signal). If the participants’ hands are cold ask them to rub their hands together. Rub some gel into the skin at the point of electrode contact prior to attaching the electrodes.

The electrodes are Velcro strapped to the two fingers next to the thumb on whichever hand they do not operate a mouse with (thereby allowing participants to make mouse responses with their other hand). The clean electrode should be slightly over-filled with electrolyte making sure that there are no air bubbles. Tapping the surface of the gel slightly should bring any bubbles to the surface. Remove excess gel with a tissue wipe. Make sure you close the electrode cap after use, to prevent it drying out.The electrodes should be placed on the fingerprint side of the fingertip so that there is a constant area of skin on which the electrode can be centred. The wires should point towards the participants’ arms rather than away from the fingertips, to protect the wires from accidental damage from pulling (see below). The Velcro straps should be tight enough so that the electrode will not move, but not so tight the participant can feel their pulse through their fingertips. To check the electrode is working properly, clap loudly when all the equipment is switched on. There should be a noticeable spike on the GSR signal.
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Wait at least five minutes before recording any data to give the electrode time to settle.

Remove the electrodes by slipping the Velcro collars off the top of the fingers. Clean thoroughly and carefully immediately after use – if you don’t the electrode signal quality will deteriorate over time. First, turn off the BIOPAC system. Second, use cotton wool buds to scoop out remaining gel. Third, spray with distilled water to remove residual gel. Make sure all of the electrolyte is removed. Clean Velcro straps also. Dry thoroughly – do not leave wet.

Hang up on the hooks at the back of the lab. If you have participants coming back to back it is probably sufficient to only use cotton wool buds to scoop out gel, but make sure you fully clean the electrodes at the end of the day. If you do not, the quality of the signal you record will degrade over time.

GSR is relatively robust to movement artefact but is effected by ambient temperature. Therefore, it may be a good idea to make note of the temperature in the lab for each participant.

ECG

One lead ECG recording is used in the lab and this only requires a single amplifier. Biopac EL500 or EL503 series disposable snap electrodes are used with pinch leads  (LEAD110/110s). Each electrode is pre-gelled and requires no additional electrolyte. The wrist electrodes (see below) are shielded and should be used with the shielded lead (E110s).

It is not necessary to attach a ground electrode if you are recording GSR, as GSR has a ground built in. If you do attach a second ground when simultaneously recording GSR, this will compromise the GSR signals (reducing absolute GSR levels). If you are not recording GSR, it is necessary to attach a ground electrode. 

The electrodes are attached to the upper wrists (top side to make them more comfortable for participants unless they are very hairy) and to the right shin above the ankle (where there is least hair on men i.e. below the sock line). Tape electrode wires about 3 cm from electrodes to minimise movement. The electrode sites need to be slightly abraded first (using Biopac electrode abrading pads) and then cleaned with a pre-injection medi-swab before use.

Ask participants to minimise the flexing of the tendons in their wrists and arm movement. Demonstrate to them how this introduces noise into the signal by asking them to move their arms and showing them the impact on the Acqknowledge record. If possible, ask participants to rest their arms on the chair or table top during the experiment to minimise movement. 

After use, unclip leads, pull disposable electrodes off slowly and give participants a wetwipe to clean the skin. Throw the old electrodes away. 

Good Practice Guidelines

· When booking in participants make sure you mention psychophysiology and tell them what it will involve. For particularly involved projects, it may be a good idea to write to participants prior to telephoning them. It can be daunting to be wired up for some volunteers. 

· Before wiring participants up ask them if they wish to go to the toilet. Try not to ply them with excess drinks (but of course respond to a request for a drink). It can take quite some time to remove and reattach electrodes following a bathroom break and the signal quality may change as a result.

· When setting up take time to explain the equipment to the participant – this will reduce their anxiety and ensure their co-operation (e.g. giving them rationale about movement artefact). This is particularly the case if this is the first time a participant has taken part in a psychophysiology experiment.

· Check you get a good signal at the start of the session. For HR, you should see a clear R wave spike. EDA data should look like green rolling hills of the Lake District and be responsive to a clap. 

· Always take a baseline recording on all physiological channels of at least five minutes length for all participants. This allows electrodes to settles, lets the participant get used to the equipment, and is very useful for later analysis (e.g. controlling for group differences in baseline activity). 

· When recording, do not leave the room for protracted periods. Monitor the participant to check they have not accidentally pulled off an electrode or moved the chair on top of an electrode wire.

· After finishing testing, make sure you switch off the mains switch to the MP100 (the plug can get very hot). Ensure you clean all electrodes and that the room is suitable for use by other experimenters without having to tidy up. Leave a note on one of the keyboards if you encountered any problems.

· Make sure you back up data to phys space at the end of each day, just in case there is a hard disk failure.

· Once a week check levels of disposable electrodes and electrode gel. This will ensure we order before we run out!

· After collecting a few participants data stop and look at it really carefully (is your experimental manipulation working, are the signal ranges within expected values, is there variation in the signal where you expect it). It is better to pick up errors early and adjust the setup rather than collect a mountain of useless data. For example, heart rate should be in the range of 40 to 150 bpm, GSR should be in the range of 2 – 20 micro-siemens. 

Common Errors

· Buffer overflow error. This occurs when the MP100 runs out of available memory on large acquisitions. Check your acquisition settings – make sure you are recording to disk.

· Acqknowledge cannot find MP100. This occurs when equipment is switched on in the wrong order. Switch everything off and then reboot in correct sequence (see above).

· Flat line GSR. Check electrodes are placed appropriately, sufficient gel is the cups of the electrode, that the wires have not come loose on the electrode.

· Very noisy ECG data. Monitor participant for arm movement and explain to them rationale for keeping arms still during experiment. Check both clip electrodes are still attached

· Low levels of GSR. If you are also recording ECG, make sure you have not attached the ECG ground. 

· ECG or EMG electrodes won’t stick. Clean site properly with alcohol and abrade, remove excess hair, perhaps use velcro straps on ecg electrodes. 
· Very noisy EMG signal. The EMG electrodes are very fragile - check that the wires have not been pulled loose at the head of the electrode. Try and reduce electrical interference in the room. Wrap the EMG electrodes around each other to improve signal quality. 

Setting up an Acknowledge Template for each task

We recommend you crate a template for each task that specifies the channels you are recording and what recording parameters you want to use:

1. Open a blank AcqKnowledge file

2. Go to MP100 – set up channels – analogue and enter the physiology channels you are recording. The numbers correspond to the red switches on the top of each amplifier. Check all three boxes for each channel you wish to record and give it a sensible name (e.g. gsr)

3. Go to MP100 – set up channels – digital and enter the digital marker signals you wish to record. The numbers correspond to the pin you are writing out to on the parallel port. Using the STP100C, pin 1 = channel 8, pin 2 = channel 9 and so on. Again, check all three boxes of each channel and give it a sensible name (e.g. pic on)

4. Go to MP100 – set up acquisition. Select ‘record once save to disk’. Enter your sampling rate (1000 is recommended for HRV and EMG; the rule is to record at a sampling rate two times higher than your maximum frequency of interest). Enter how long you want to record for (specifying units also). In general, set this much longer than your task will last – you can always stop it mid recording. The exception to this is where you know the exact duration of your task (e.g. a resting baseline recording). 

5. Give the template a sensible name e.g ‘picture template’.

Using the Template

Each time you run the task, load the template, press the start button (before they begin the experiment!), collect that participants’ data, and then save with a unique filename - if you don’t you will simply keep writing over the data in the template (file, save as, participant identifier [first three letters of surname, first initial, year of birth] + task identifier) . Then calculate heart bpm (click on ecg channel, select waveform, find rate, rate bpm) and heart interval (click on ecg channel, select waveform, find rate, interval s). Save the file again with a b on the end to indicate it has been processed. Then save as a .txt file. 
If things go wrong……………

· Don’t panic

· Reboot the system

· Look in this manual – common problems have been included here

· Ask other users of the laboratory only after you have tried the first two steps!

· Let other users know if you can’t resolve the problem and it might impact on their experiments.

Analysis

· Acqknowledge is somewhat clunky for analysis purposes and only has limited batch processing facilities (although this is supposed to be improved in version 4.2). Therefore, data are best exported as text files and analysed with purpose written matlab or visual basic scripts. These extract summary statistics for each event (e.g. mean, max, min, variability of a trial, all relative to a baseline). These can then be merged and compared in an excel template, using excel visual basic macros to automate this. In general outliers and non-normality are a problem in psychophysiology data, so it is good to control for this by using medians rather than means and/or exclude trials outside of the interquartile range for each individual. A worked example of an analysis package will be posted on the psychophysiology home space. 
· For Heart Rate Variability analyses there is no substitute for carefully manual filtering of artefacts in data. The easiest way to do this is to CMetX and the QRS tool, available for free download from John Allen’s website: http://jallen.faculty.arizona.edu/qrstool_and_cmetx_software_calculating_metrics_cardiac_variability 

· This also has a very useful pragmatic primer, explaning how to use the software. 
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