         Psychology 321 Lab Course: 2008.

Prof. J.P. Rosenfeld jp-rosenfeld@northwestern.edu

TA: John Meixner John Meixner   <jmeixner@northwestern.edu>

Introduction:

This course consists of doing 3-4 experiments in cognitive psychophysiology, using electroencephalographic and behavioral methods. All experiments (after the first training study) ask novel questions and are potentially publishable. 
There are no exams. The TA  and I will evaluate you based on quality of collected data (which is part of the “homework” you turn in—the rest is your responses to emailed questions), attitude in class and lab, and final term paper, a formal write up of any of the performed experiments of your choice excepting the first (training) one. The latter paper counts no more than 30%-40% of your grade. It can help your grade if the rest of the work needs help; it can’t hurt too much. 
Although we expect you to collaborate on data collection, analysis, and illustration, and although we actively hope you will continue class discussions outside of class, the homeworks and final paper you hand in must be in your own words. The graphs and analytic results may be shared, but not the text!  In other words, you should not collaborate on the actual writing of your papers.  This reminder should be unnecessary since freshman seminars emphasize such matters, however the college administration has urged faculty to add these warnings so as to leave no doubt in students’ minds about the basic rules of paper submissions at Northwestern. (If you wish, see http://www.northwestern.edu/uacc/defines.html)
       Many students have taken 312-1 and 312-2. All should have read either the first 7 chapter’s of Andreassi’s Psychophysiology, most recent edition, or, preferably, Hugdahl, K. (1995, 3rd printing 2001) Psychophysiology:The Mind-Body Perspective. Cambridge: Harvard University Press: Chapters 1-5,11,12. Read as much as you need to read if you lack 312-1,2. (If you took 312-2, you should have read this material).
      HOMEWORK Other readings will be handed out (and sometimes paid for by you based on the cost of photocopying), or on my web site. The papers you read comprise the background of the experiments you perform. 
We are usually our own subjects in these studies. You can’t, therefore, be too naïve, but if naivety is necessary, we will mislead you as necessary! Sometimes you may bring in 1 or 2 friends to run. An outline follows.  

     It will help you to try and answer the interspersed questions in this experimental outline before the class in which we will discuss things. It is required that the homeworks be collected. They will receive the grade of OK, OK+ or OK-. Please keep answers brief. One or two doubled spaced pages is usually sufficient. I prefer to read “I don’t know” than a page of silly stuff. Please type or print LEGIBLY. In the outline, the questions will be in color and/or otherwise emphasized in special font, so you can’t miss them. 
Outline

Experiment 1  is designed to get you up to speed on using our lab software for data collection, as well as on electrophysiological methods such as electrode application . It also affords you an opportunity to demonstrate the more or less classic P300 or P3b event-related potential or ERP, which we will be using in later experiments.   (If you feel lost already, have a look at those chapters in Andreassi or Hugdahl, or you soon really will be lost.) 
In a nutshell, if a subject is seated in front of a display screen and a repeating random series of various  names appears for a half second every 3-4 seconds, each time his/her own name appears (about 10-20% of the presentations), the EEG will show a “Tsunami” series of larger wave peaks and troughs which tower over the background EEG. The P300 appears in response to relatively rare, meaningful stimuli. This happens if the recording electrode is sitting on top of the appropriate site in cortex. 
        If the electrode is pasted to the scalp, as it is for 99% of human EEG work, the Tsunami may be hard to see, since it is now far from the source(s) of voltage and may get buried in the ongoing background EEG.  However if one averages  many—like 30—responses to one’s own name and then superimposes this averaged ERP (AERP) on top of the averaged responses to the other, meaningless names, one will see the P300 easily, as indicated below with the thick vertical lines at 3 scalp locations, Fz, Cz, and Pz.
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P300 is so called because it is a positive-going wave (yes, we plot positivity as downgoing with some good reasons) which follows the stimulus from 300-900 ms following the stimulus which occurs near the beginning of the sweeps above, and may be seen above ( at Fz, for example) at left where the line stops being flat. “EOG”    refers to electro-oculogram, which we record also from above and below the eye. This trace shows eye movement activity and should be flat, as our software removes trials with eye movement artifacts that are so big as to obscure the brain waves if we let them pass. Of course we assume attention is paid to the stimuli here, or no P300 will appear. Sometimes, we guarantee this, in that we require a unique response to the targets or especially meaningful items. As the subject is alert for targets, he must therefore see the other stimuli, since targets and other stimuli appear in a random order.


Anyway, in our first experiment, there will be a series of word strings (either XXXXX or OOOOO) presented, one of which, presented  20% of the time, will be defined as a target string.    

After the data are collected, the program averages the ERPs for you into separate target and frequent ERP averages for each subject, separately for each block. Our analysis program “MSEGX7 or MSEGX8” is used to calculate P300 amplitude and latency for each subject, for each stimulus type (“tag”), for each condition (A and B). This will be described in class. You then enter the data into our statistics program and do the appropriate tests. 

ALWAYS READ THE EXPERIMENTAL OUTLINE BEFORE THE CLASS AND ABSOLUTELY BEFORE YOU GO TO THE LAB TO DO THE EXPERIMENT!!!!!
Experiment 1. “XNO “
This is a very simple study designed to teach you to use some of the basic software that collects and analyzes data, as well as the basic techniques of applying electrodes to the scalp. It is also designed to allow you to demonstrate for yourself that the P300 ERP is readily obtained with rare and meaningful stimuli. 

You will have a stimulus set consisting of the letter strings “ XXXXX” and “OOOOO” (hereafter abbreviated, X and O). You will press a NO button for the frequent Os (p= .8) and a YES button for the rare target Xs (p = .2). The rare, meaningful oddballs should evoke the larger P300.  The ITI will be 3 sec. Press the button asap after the stimulus.
HOMEWORK:  Bring in your average ERPs printed out, the targets superimposed on the frequents  . BACKGROUND READING: nothing beyond those Andreassi/Hugdahl chapters if necessary.
HOMEWORK QUESTION: The targets are rare, but what make the targets meaningful?

I will lecture on how our software (“WINEEG” and “PSYTASK”, from MITSAR Corp., in Russia) generates stimuli, intervals, etc. You will collect the average ERPs on yourselves, recording from Fz,Cz,Pz, with EOG monitoring electrodes.

Our software creates separate average ERPs  in response to Xs and Os. You will run our MATLAB-based “Msegx7” software which calculates P300 latencies and amplitudes. You will enter the values into the SYSTAT (a Windows program) worksheet .
Background reading: Be sure you are up on Andreassi chapters 1-7 or Hugdahl chapters. I may hand out some optional readings.
Experiment II: How does fMRI compare to P300 as a concealed information detector?(“Giorgio” study.)


Since 9/11, the field of lie detection has taken off. Before then there was very little research by major players. The quality of work in ANS-based polygraphy was always weak, with a few exceptions, and there were only two ERP labs (us and John Allen’s) doing systematic work. Now there are maybe two dozen ERP labs, and about a dozen fMRI labs looking to get grant-rich and personally rich. 
HOMEWORK: Go on line and look at 3 sites:”Brain Fingerprinting,” “Cephos” and “No Lie MRI.” On my web site, under publications is a paper entitled, "Brain Fingerprinting:" A Critical Analysis (PDF), a review which dispatches the first web site (Read the conclusions on p. 34. Read all if you wish.) 

No one has had the time yet, but the other 2 sites on fMRI could probably also be readily dispatched, since there has been peer-reviewed research only in the past few years.
HOMEWORK: Lightly read the short, in press (8 double spaced pages) encyclopedia article by Ganis and Kosslyn of Harvard entitled “Deception, Detection of and Brain Imaging.   (In press, 2008, Encyclopedia of Forensic Science, Wiley. Editors: Allan Jamieson & Andre Moenssens). (I will distribute copies in class.) You could also optionally read, Vrij, Aldert (2008) Detecting Lies and Deceit: Pitfalls and Opportunities (Wiley Series in Psychology of Crime, Policing and Law) (Paperback)
 One (among several) critical issues has been the matter of countermeasures (CMs) to deception detection. No one has looked at whether or not fMRI methods are vulnerable to CMs as they probably must be. Actually, the Harvard and Northwestern groups have begun collaborating on this matter. Giorgio Ganis recently wrote me:

Peter,

   I just uploaded the NW talk to my site: http://www.wjh.harvard.edu/~ganis/FILES/NWColl-Mar08-Dec-web.pdf .

Log in as "guest", password is "getit" . Please, keep it within the lab, since the last part is work in progress.

 Thanks again, and talk to you soon!

-Giorgio

Take a look at this web page, especially the last 19 or so slides starting with “Detecting deception with fMRI” 

Note: “Please, keep it within the lab!!!!! “
Note that the fMRI is very accurate in classifying individuals as guilty or innocent. 

HOMEWORK: How accurate (give numbers)?
Note also, however, that of the 2 subjects Giorgio ran to date in the CM condition, both look just like innocents! I.e., both beat the test.  We are guessing that this will be the case for the remaining 10 subjects, meaning that fMRI is quite vulnerable to CMs. The hit rate will be reduced to 0%. How does the P300 ERP compare? That’s Experiment II which hopefully, you will do. Now you may know that we sort of answered this question once in a 2004 paper, Simple, Effective Countemeasures to P300-based Tests of Detection of Concealed Information (PDF) which is on my web site under publications, and which you must now read carefully, especially Exp. 2 on pp 213-217. But read all. This study is very close to the method you will use in our Experiment II, so you need to be familiar with the methods and rationalization.  
HOMEWORK: In Experiment II, the hit rate was reduced to what percentage by CM use?

So why must we repeat again? Because the parameters of the published study were optimized for P300 recording and differed from settings required by fMRI, which looks at blood flow – a  much slower response lasting up to 10 sec than P300 which is over by 1.5 sec.  Thus the average of the random intertrial intervals used by Giorgio was 6 sec, vs 3 sec for that 1991 paper. Giorgio used 180 trials, total. So did we, but because one drops P300 trials containing eye movement artifacts, we probably recorded twice as many ( =360) trials to get 180 good (artifact-free) trials, and we use a regular (vs. random) intertrial interval (see p. 208 of our ’91 paper.) There are other differences, and we will review these in class. 

HOMEWORK: But let’s see if you can name one other major difference: Hint: In Giorgio’s study, each subject runs through the innocent, guilty, and CM condition in one recording session. How does this compare with the ’04 paper?
Anyway, as you saw in the ’04 paper, CMs hurt the P300 method, but not as much as the fMRI method. But maybe using fMRI parameters, the P300 method will be even more vulnerable to CMs, who knows? To make a meaningful comparison, however, we want to make the 2 methods as alike as possible, and that’s why it pays to repeat the ’04 study with ’08 parameters.
______________________________________________________
Experiment III  How many CMs to do?

It is critical to read and understand “The Complex Trial Protocol (CTP): A new, countermeasure-resistant, accurate P300-based method for detection of concealed information” (In Press, Psychophysiology) which will be on the web site under publications on the first day of class, well before you read further here. This new paper of ours is the first new development in the field in 20 years because it described a method for detecting deception resistant to the most obvious countermeasures. (Recall the previous experiment you ran herein this course.)
When we first submitted it for publication, it was not accepted. There were issues raised by the reviewers. Here’s one:
 “I have questions regarding the countermeasures manipulation.  …. In other words, the countermeasures instructions, as employed here, can facilitate rather than interfere with detection (even regardless of ERP measurement). Thus, this type of countermeasures is inefficient and even counterproductive from the guilty suspect's point of view.  A potentially more efficient method would be to perform countermeasures just after one or two irrelevant items of each question.”

 That’s what we will do in this experiment. Let me back up a bit. 
We published a countermeasure study in 2004 with our older protocol. It’s on the publications page of my web site and you read it previously. Briefly, here’s an outline of the structure of the second experiment:

There were 6  presented items, each repeated 30-40 times randomly, consisting of..

-A probe, subject may be guilty and know/recognize probe,

-A target to force attention  

-4 irrelevants.

-So 6 dates are presented, one is the known birth date.

-5 other dates with no personal significance are presented, one is a target—meaning subject must press a unique button-- four dates are irrelevant.

-Subject is feigning head injury,  the inability to recognize birth date,    so he presses the “no” button to all dates except assigned targets to which he presses the “yes” button. 

DESIGN

-Week 1: All naïve(about CM) and guilty (of seeing/recognizing birth date despite overt lies about recognizing it).

-One group of advanced Ss  run in 3 successive weeks

-Week 2: Use explicit countermeasure (to be explained).

-Week 3: Repeat first week, stop the CM.

COUNTERMEASURES

-When you see the first Irrelevant, do micro left finger wiggle 

-When you see second Irrelevant, do micro right toe wiggle.

-When you see third irrelevant, imagine me slapping your face.

-When you see fourth Irrelevant, do nothing.
In other words, make the irrelevants into secret targets which evoke P300! Homework: Explain how this maneuver beats the test.
These countermeasures (CMs) don’t work against the new protocol as described in the paper (you were required to read above): “The Complex Trial Protocol (CTP): A new, countermeasure-resistant, accurate P300-based method for detection of concealed information”. (We’ll call this the CTP paper from now on.) But again, the reviewer said:   ” countermeasures instructions, as employed here, can facilitate rather than interfere with detection (even regardless of ERP measurement). Thus, this type of countermeasures is inefficient and even counterproductive from the guilty suspect's point of view.  A potentially more efficient method would be to perform countermeasures just after one or two irrelevant items of each question.”

He’s wrong about criticizing what we did (we’ll discuss in class)—which was having subjects do a CM to each of all 4  irrelevants—but he has an interesting point about choosing only one or two irrelevants to try to counter with. So we’ll try this.
Homework: His reason is a bit strange. We can discuss. There is material in the CTP paper, however, dealing with the proper/rigorous way to analyze probes versus irrelevants concerning testing the probe against the maximum irrelevant rather than the average of all. His suggestion makes sense in this context. Explain. Is there anything we can do anyway?
Specifically, we will each be a subject (not me, I have too few hairs to spare). There will be 2 blocks of trials 1) simple guilty block—no CMs 2) CM to 2 irrelevants  
Usually different blocks are counterbalanced in a psychology study Homework, explain. But here we will always run the simple guilty (SG) block first. Homework, why?
Also, we will use 2 kinds of stimuli for the 2 blocks: Birthdates, Hometowns. These too will be counterbalanced across blocks. Homework, continue explaining why for these counterbalances.

You will do mental CMs. For 2 of 4 irrelevants-- we will assign you which-- just prior to one of these two, say your first name silently to yourself. Prior to the other, say your last name to yourself. Always do this mental CM immediately after the appropriate stimulus appears, and before pressing the “I saw it” button. (See the paper about this stimulus.) 
These blocks will be 22-45 minutes each depending on how badly you blink. We drop trials contaminated with blinks. (Do not wear contact lenses as subjects. Wear glasses. Contacts make you blink.) Do both blocks in a day. 
______________________________________________________
Experiment III: The  “OMIT” study
This is another experiment dealing with the Complex Trial Protocol, but this one is a bit more theoretical.  From reading the CTP paper you may recall that (amazingly!) subjects had larger probe P300 amplitudes and were detected with greater ease during when they were using CMs (as compared to the first, no-CM simple guilty week).  This lead us to recently try to enhance the power of the CTP by having subjects make overt, explicit responses to irrelevant items, as opposed to covert CMs.  Homework: Why would we expect this maneuver to increase CTP accuracy? What would be the effect on subjects further covert CM  attemps?

 As you’ll recall from the CTP paper and the last experiment, in the original CTP study we had subjects perform CMs to each of the 4 irrelevant items.  After examining our results, we have very recently suspected that omitting a CM to the probe alone may have had something to do with enlarged probe P300.  Homework: Why would we think this?
To examine this further, we have been performing an experiment in the past 2 quarters in which we have subjects make an explicit (not secret) individual button response to each probe/irrelevant item they see (similar to a CM), but omit a button response to one of those items.  There are 3 groups:

Guilty Omit Probe (GOP) – Omits a button response to the probe item.  This should measure the PROBE+OMIT effect.

Guilty No Omit (GNO) – Presses a button to each of the 5 items.  This should measure the PROBE effect alone.

Innocent Omit Irrelevant (INN) – An innocent subject who sees no probe item, and omits to 1 irrelevant item.  Should measure the OMIT effect alone.

Homework: For the INN group, why not instead have a guilty subject omit 1 irrelevant item?
However, in performing this experiment, we noticed something interesting.  In the INN group, we expect subjects to show a large P300 to the item they omitted because it is a sort of special target.  Homework: Explain why. 

However, only some subjects show this response.  About half show a P300 to the omitted item that is no larger than the P300 to any of the other irrelevant items. The other subjects make large P300s to omitted items. We suspect this difference might have something to do with the different ways people press the response buttons.

When subjects perform this task, there are 3 responses that need to be made for each trial.  After the subject sees the probe/irrelevant stimulus, he(she) must make 2 responses:

· 1. The assigned button response. 
· 2. Press the “I saw it” button.
Next, the subject sees the target/nontarget stimulus, and must - -  3. make the correct response as to whether or not this item is a target.

We have noticed that there are two general ways people respond to the first stimulus.  Some first press the assigned button response, then, in a separate temporal epoch, they press the I saw it button (we call these people “splitters”).  Others, however, wisely learn that they must ALWAYS press the “I saw it” button, and so they press it more-or-less simultaneously with the assigned button response (we call these people “lumpers”).  Essentially, the lumper only makes 2 responses
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When a Lumper sees an item to which he(she) omits an assigned response, he still has to press the I Saw It button, and so  he  still makes essentially two responses—really no different than before.  However, when the Splitter sees an omit item, he drops from 3 responses to 2 responses, making this omitted item more unique.
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We suspect that because the omitted items are more unique to Splitters than to Lumpers, it is Splitters that are showing a large P300 to items that are omitted, while Lumpers’ omit item P300’s are not significantly larger than other irrelevant items.  

This is an empirical question, and we will test it with this experiment.  The class will be randomly divided into lumpers and splitters, and we will repeat the INN group of our other (ongoing) experiment, with the hypothesis that Splitters will show OMIT item P300 responses, while Lumpers will not. The class members will also bring in one friend each and the friend will be a lumper or a splitter depending on the condition of the recruiter.







