More on ... The Event-Related Potential
(aka the ERP)



Announcements 4/21/25

» Paper/Proposal Guidelines available

» On course webpage
» Link in D2L

» Paper/Proposal two paragraph prospectus due via D2L no later
than (OK, tonight...)

» Student Course Surveys — complete by last day of class (May 5)

» Attendance/Comments — remember and check!

> 501B Lab Section

» Complete DFA data processing by last night, report due Friday. (Guideline for
report ready this evening)

» ERP analysis: We will meet on Wednesday 3 pm in room 323



http://apsychoserver.psychofizz.psych.arizona.edu/JJBAReprints/PSYC501A/PaperRequirementsForPsychofizz2025.pdf

Feedback and Questions

From your experience, how standardized
can preprocessing really be? If different
groups, individuals, or devices follow the
same pipeline, are the results generally
robust and comparable most of the time?

METHODS

EPOS: EEG Processing Open-Source
Scripts

Johannes Rodrigues, Martin WeiB', Johannes Hewig' and John J. B. Allen?

Background: Since the replication crisis, standardization has become even more
important in psychological science and neuroscience. As a result, many methods are
being reconsidered, and researchers’ degrees of freedom in these methods are being
discussed as a potential source of inconsistencies across studies.

New Method: With the aim of addressing these subjectivity issues, we have been
working on a tutorial-like EEG (pre-)processing pipeline to achieve an automated method
based on the semi-automated analysis proposed by Delorme and Makeig.




Feedback and Questions

On the slide discussing lateralized task
effects, it was noted that the participants
* were right-handed. Has there been a study
© that involved left-handed participants? Do

you think we would see anything unusual
in those who are left-handed but were
forced to write with their right hand?




Feedback and Questions

' e Core Concepts of Markov Models
I know we're just going through the ba5|cs of 1 States: Di t diti i f that th
these methodologies, but | was wondering if .States: Discrete conditions or configurations that the

you 've heard much about Markov modeling. I've system (_3"?‘” be in. o . _
[ been working with a postdoc in the NET Lab, 2.Transition Probabilities: The probabilities of moving

\ Yuhua Yu, and she uses it for analyzing EEG from one state to another.

| and fMRI data, I'm guessing mainly because 3.Initial State Distribution: Probability of starting in
f she's interested in spontaneous thought, and | each possible state.
find it really fascinating, but it also seems like

i |
magic to me: Sample use cases

Sleep Staging:

«States = sleep stages (Wake, N1, N2, N3, REM)
*EEG features = power in delta, theta, alpha bands
*Transitions = probabilities of moving between stages
over time

Seizure Detection:

«States = interictal, preictal, ictal

*Emissions = raw EEG or engineered features
*Model can learn typical seizure onset dynamics




Feedback and Questions
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€ & How do you conceptualize the difference and

\ | the integration between foreground (a specific

| cognitive task) and background (i.e., depressed
\ mood) processing using an EEG/ERP lens? l.e.,
; are there specific global-to-local dynamics,

{ s nested frequency distributions, or scale-free
¢ activity dynamics (i.e., power law distributions)

f that lead to a mutually dependent reciprocal
influence between foreground and background
processing?
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emotional reactions based on the dimensional
perspective through showing participants
, emotion-arousing pictures.
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Feedback and Questions
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[We discussed how P300 can have an increased amplitude
relative to the probability of occurrence. In a card gambling
context where there are (general) probabilities of certain cards to
be turned over that may be] understood better by professionals
than the general public, and the fact that select cards flipped
over would have different valences relative to a current hand
held, would we expect differential amplitudes in the P300 relative
to a general probability of a flipped card and its valence in both a
general individual and in a poker professional (and compare the
two)?.
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Feedback and Questions
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Roadmap for today

Memory-sensitive ERPs
ERPs and Implicit Affective Processing

ERN and FRN — error monitoring, response conflict, and
feedback potentials



ERPs and Memory

» Several components may be sensitive to recognition
> Likely episodic recollection

» Sensitive to Encoding



Repetition Priming Effects

» Robust effect that repeated items produce an
enhanced late positivity across a broad latency
range

» Magnitude of effect related to strength of
memory trace
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Fig. 4. Grand mean ERP wavelorms elicited by correcily recognized old and correctly rejected new
items from Johnson ef al (18808a). The lelt column depicts the old and new wavelorms at the electrode
site and hemiscalp where that subcomponent was largest, Bepodweed from Johnson ef al_ (1808a) with
permission of the publisher.



Repetition Priming

» Are there repetition effects that do not depend on the subjective
awareness of the subject?

» Can use Masked Priming to examine (Schnyer, Allen, Forster, 1997)
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Schnyer, Allen, Forster, 1997
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Standard Repetition Effect for Words Seen Unmasked in Previous Blocks
Task is to make OLD-NEW decision

Schnyer, Allen, Forster, 1997



468436 43582684 288330 20E-EBE EBE-E3H

Note consistency with

hemispheric encoding/retrieval
asymmetry (HERA) model: left
encode, right retrieve

TEA-T3A ToE-2EA SEE.- 3368 236 IEE =15 15 R L | 2561 AEE

Standard Repetition Effect for Words Seen Unmasked in Previous Blocks

But Task is to make WORD-NONWORD decision
Schnyer, Allen, Forster, 1997
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Masked Repetition Priming Effect for Words Presented only a Trial Previously

Schnyer, Allen, Forster, 1997



Memory Encoding

» Words subsequently remembered show enhanced positivity at
encoding

» Strategy Interacts, however
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Von Restorff Index (AKA the isolation effect)
refers to the phenomenon where an item
that “stands out like a sore thumb” is more
likely to be remembered than other items

Note prototypic DM effect on left, but not on
right for those that used elaborative
strategies. Note enhancement over frontal
lead for these latter subjects.

Figure 4.12. ERPs elicited by “isolated” words that were later
recalled (solid line) or not-recalled (dashed line). The left column
shows ERPs for subjects who used rote mnemonic strategies; the
right column shows ERPs for subjects who used elaborative strate-
gies. Note that the amplitude of P300 is related to subsequent
recall for the rote memorizers, but not for elaborators. ( Copyright
1986, Elsevier Science Publishers. Reprinted with permission of
the publisher from Fabiani, Karis, & Donchin, 1986b.)



Subsequent Remember
Subsequent Know
Subsequent Miss

Remember
Know

Left inferior

prefrontal

Fig. 3. A: Grand mean ERPs elicited by study items that were
subsequently associated with remember or know judgments (hits) or
were unrecognized (mizses) during the subsequent recognition test. B:
Grand mean difference waveforms computed by subtracting the ERPs
to study items subsequently missed from those that were subse-

A =0.20 uViem?

quently associated with either a remember or know judgment {Mod-
ified from Friedman and Trott, 2000). C: CSD maps for 2 intervals
(500-800; 810-1,100 ms) measured in the Dm waveform associated
with a subsequent Remember judgment. Data in A and B recorded at
a left inferior prefrontal scalp site.




Indirect Assessments of Recognition

» Can the ERP detect recognition, independent of subjects’ overt
responses?

» Three applications
» Clinical Malingering

> Forensic Assessment
> Clinical Disorder



Indirect Assessments of Recognition

» Can the ERP detect recognition, independent of subjects’ overt
responses?

» Three applications
» Clinical Malingering

> Forensic Assessment
> Clinical Disorder



ERP Memory Assessment Procedures

> Learn a list of words
» Learn a second list of words

> Task: Concealed (1t list) and Nonconcealed (2" list)
words appear infrequently

Iltem Type Probability Response P3 Amplitude
Nonconcealed 1/7 “Yes” Large
Concealed 1/7 “No” Large if Recognized

Small if not Recognized

Unlearned 5/7 “No” Small

» Similar to procedures by Rosenfeld et al, Farwell &
Donchin
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Motivational VVariations

Conceal Lie Lie + $$

>"YES" for words JUST >"YES" for words learned | »>"YES" for words learned
learned, "NO" for all

others
»>Try to hide the fact that | »Lie about words from the | »Lie about words from the
you learned the first list of | first list I taught you first list I taught you

words | taught you
»>$5.00 incentive




Conceal Lie Lie + Money

‘\L' &
________________ Concealed o

10 pv v/ remmemmmmmamnnmn. Nonconcealed
Unlearned

Tttt T [ I [T I [T
0 200 400 600 8001000 0 200 400 600 800 1000 0 200 400 600 800 1000
Latency (ms) Latency (ms) Latency (ms)

After Allen & lacono, 1997



The Challenge

To provide statistically supported decisions for each
and every subject, despite considerable individual
variability in ERP morphology



P3 Amplitude Raw ERP H?

Sensitivity = .925 Sensitivity = .950
Specificity =.920 Specificity = .920
3 -2-101 2 3 32 -101
ZScore ZScore
15t Derivative H? 2" Derivative H? Deviation H?2
Sensitivity = .875 Sensitivity = .750 Sensitivity = .925
Specificity = .810 Specificity = .740 Specificity = .920

3 2101 2 3 3 2 101 2 3 32101 2 3
ZScore ZScore ZScore



Bayesian Combination of ERP Indicators:
Probability that an ERP was elicited by Learned Items

Learned Unlearned

Subject NonConceal Conceal Ul U2 U3 U4 U5

#01 1.0 0.999 0.000 0.000
#02 1.0 1.0 0.000 0.000
#03 1.0 0.999 0.000 0.000
#04 1.0 1.0 0.000 0.001
#05 1.0 0.971 0.002 0.000
#06 1.0 0.999 0.000 0.000
#07 0.983 1.0 0.000 0.000

#18 0.996 0.983 0.874 0.001
#19 0.009 0.214 0.971 0.000
#20 1.0 0.999 0.002 0.000

Note: Only trials in which subjects did not acknowledge concealed items included



Classification Accuracy based on ERPs

Learned Unlearned

(true pos) (true neg)

Conceal 0.95 0.96

Lie 0.93 0.94
Lie + $$ 0.95 0.98
Combined 0.94 0.96

Allen, lacono, & Danielson, Psychophysiology, 1992



Extensions from Lab to Life...

» Two tests of the robustness of this procedure:

» False recollections
> Virtual Reality Mock Crime



A Laboratory Paradigm for False Recollections:
DRM

» Subjects presented with 15 words highly
assoclated with an omitted critical item

- Sleep




Reported Rates of Recogntion
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Forced Choice Likert
Confidence

Allen and Mertens (2008)
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The Box Score Blues

Test Verdict
Ground Truth Recognized

Actually Learned
Critical Lure
Unlearned

 Highlights the need to have memorable items in the test

1 Suggests limited utility in substantiating disputed memories;
e.g., claims regarding recovered memories

4 Still has low false positive rate when person denies knowledge



Virtual Reality Mock Crime

» Subjects received email detailing their “Mission”

» Sneak Into graduate student office to break in to
virtual apartment

» Apprehended and interrogated using ERP-based
procedure

» Some subjects given details about utilizing
countermeasures

» Innocent subjects tour the same virtual apartment,
but with different objects and detalils.
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POLICE BEAT

Police Beat

By David Halperin
Arizona Daily wWwildcat
Friday Decernber &, 2002

Suspicious e-mail sent

&n employee reported that he received an e-mail Wednesday stating he is
supposed to commit a crime today, reports stated.

&t about 11:35 a.m., the employee told police he had received the
suspicious e-mail while in his office at the Arizona Health Sciences Center,
1501 M. Campbell Ave.

The employee told palice he did not know the sender of the message or why
he received it, He decided to report the incident after his supervisar
advised him to do so.

The message read: “This message is simply a reminder of the crime you
are to commit on December &th at 9:00a.m. You should have carefully read
over your mission plan and memarized all relevant information in arder to
carny out your mission, Remember, do not bring materials with vou related
to the crime and maintain your innocence at all times, Good luck, Dispose
of this message once understood,” reparts stated,




Results of Mock Crime Brainwave Procedure

Group
Guilty

Guilty
(countermeasure)

Innocent

Verdict
N Guilty Innocent

15 @ 53%
5 CIM% 83%

Note: Using Bootstrapping approach, Guilty
detection drops to 27%, but innocent subjects
classified correctly in 100% of cases. Allows
Indeterminate outcomes



ERPs and DID




Increasing Prevalence of DID

25000 y 7
200001
15000-
10000-
5000-
-
o [ — |||||

before 1960 1986 1992

DSM-5 claims 1.5%!

Primarily a North American phenomenon



Perspectives on the Genesis of DID

+ Post-traumatic Model (e.g. Gleaves, 1996)

+ Socio-cognitive Model (Spanos, 1994, 1996)

. ' Nicholas P. Spanos



Studies of Inter-identity Amnesia

Authors Amnesia Transfer of memory
Ludwig et + Recall of Paired Associates + Facilitation of learning by
al. (1972) subsequent identity

N=1 + Shock Conditioning
Dick-Barnes + Paired Associates

et al.

(1987)

N=1

Nissen et + Simple word recognition + Forced-choice facial

al. (1988) | 3 No facilitation recalling details | recognition

N=1 of stories heard by other + Repetition priming enhanced

identity
+ Experience of another identity

did not affect word stem
completion

+ Interpretation of ambiguous
texts and sentences

identification of briefly-
presented masked words

+ Word-fragment completion
+ Sequence learning

+ Impaired learning of re-paired
paired associates

From Allen & lacono, PPPL, 2001




Studies of Inter-identity Amnesia

Authors Amnesia Transfer of memory

Eich et al vFree Recall of words +Picture fragment completion

(19973, +Experience of another identity | facilitated by other-identity

1997Db) did not affect word stem exposure

N=9 completion (note that simulators do show
amnesia on this task)

Silberman +Unable to “compartmentalize,”

et al. and confused which identity had

(1985) learned which words

N=9

Peters et al. | #Generally poor free recall of +5ome free recall of words (2/4)

(1998) words +Recogntion (3/4)

N=4 +Word stem completion (3/4)

Allen & + Direct Assessments + Indirect Assessments

"g%‘ggs + Poor Recall + RT and Errors

:\l ) ) + Generally Poor Recognition + ERPs

From Allen & lacono, PPPL, 2001




Interpretations

+ Nissen et al, Eich et al:
+ Transfer represents implicit memory

+ Indirect memory assessment is a hecessary but
not sufficient condition to see transfer across
personalities

+ Parsimonious Alternative (Allen & lacono, 2001):

+ Direct inquiries about memory generally
produce data consistent with amnesia

+ Indirect inquiries are less obviously memory
tests, and often show transfer to memory
across personalities

+ Therefore need objective measures of
memory: ERPs?



ERPs and DID




Procedure

wldentity A
+ Learn List A
+ Recognition Test Vs Distractors

+Switch to Identity B

wldentity B
+ Learn List B
+ Recognition Test with ERPs
+ “A” Words
+ “B” Words
+ Distractors
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The DID Study

Four patients meeting DSM-1V criteria for DID

v

Al
Al

A

Al

Assessed with SCID-D
| females age 39-51

| had some college education

| had history of other ¢

| divorced or separatec

Number of identities: 4--
DES range 47-91 (max is 100, >30 clinical range)

MMSE range 28-30

Allen & Movius, Int J Psychophysiology, 2000

isorders (by self report)

3



Demographic, diagnostic, and clinical information for DID Participants

MO02
Demographics
oP.K. 39y.0. female
0 2 years college
adivorced x 4
ounemployed x 2 years
aDES score =70
o MMSE = 29

Diagnostic history

o history of substance abuse

o current meds = prozac,
melaril

a diagnosed during course
of substance-abuse
treatment circa 1988, but
reports symptoms have
been present since at
least teen years

Diagnostically Relevant

Symptoms

oreports at least 10
Identities

o daily gaps in memory/
missing time

a has found unfamiliar
clothes in closet

o has found furniture re-
arranged without
knowledge

a describes internal
dialogues between
identities

MO03
Demographics
oM.C. 36 y.o0. female
0 2 years college
o separated from only
marriage
aunemployed x 2 years;
now student
a DES score = 47
aMMSE =29

Diagnostic history

o history of eating disorder

o current meds = clonapin,
wellbutrin, synthroid

adiagnosed 1991, but
reports symptoms date
back to at least teen
years

Diagnostically Relevant

Symptoms

o reports at least 13
Identities

o daily gaps in memory/
missing time

o describes dramatic

changes in abilities (e.g.

artistic and computer
work) _
Qreports age-regression
experiences
o describes internal
dialogues between
identities

MO4

Demographics

a
]
a
a
]
]

M.D. 40 y.o. female
2 years college
divorced

employed 5 years
DES score =91
MMSE = 28

Diagnostic history

a

]

]

a

]

no history of substance
abuse _

meds=clonapin, zoloft,
promazine

history of harm to self,
hospitalizations

in therapy on/off since
1983

reports symptoms present
sPnce early childhood

Diagnostically Relevant

Symptoms

a

]

a

]

]

reports at least 4
identities

daily gaps in memory/
missing time

distant travel without
knowing why

has been called other
names by people who
insist they know her

has found clothes,
jewelry, furniture she
did not remember
buying

a describes changes in

handwriting during
journal entries

MO05

emographics
A.J.51y.0. female
2 years of college
divorced, widowed
unemployed x 3 years
DES score = 65
MMSE = 30

)

o000 DO

Diagnostic history

0 “conversion reaction” 3
ge_ars ago after seizures,

lindness, paralysis

o subsequent diagnosis of
DID

o history of hositpalizations,
suicide attempts (earliest
at age 6)

o current meds = effexor,
synthroid

Diagnostically Relevant
Symptoms
O reportsat least6
identities, one consistent
alter throughout high
school, and five now
daily gaps in memory/
missing time
reports internal dialogues
between identities
reports forgetting how to
ress self, brush teeth
(when a child identity)
reports switching under
uress, especially during
family conflicts
reports memories of ritual
abuse

O

O

O

O

O
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Bayesian Combination of Behavioral Indicators

ID Identity B ldentity A Ul U2 U3 U4 U5
MO2 1.00 1.00 0.01 0.01 0.01 0.01 0.01
MO3 1.00 1.00 0.01 0.01 1.00 0.01 0.01
MO04 1.00 1.00 0.01 0.01 0.01 0.01 0.01
MO5 1.00 1.00 0.01 0.01 0.01 1.00 0.01
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Bayesian Combination of ERP Indicators

ID
MO02
MO3
MO4
MO05

Identity B ldentity A

0.98
1.00
1.00
1.00

1.00
0.98
0.98
0.98

Ul
0.00
0.00
0.00
0.00

U2
0.87
0.00
0.13
0.00

U3
0.19
0.56
0.00
0.98

U4
0.00
0.01
0.00
0.00

U5
0.00
0.00
0.00
0.00




Amnesia in DID?

+ Evidence for:
+ Subjects fail to recall Identity A’s words

+ In general, deny recognition of ldentity A’s
words

+ Although do acknowledge at rates above never seen
words

+ Evidence against:

+ RT and accuracy data suggest ldentity A’s words
are familiar

+ ERP data suggest ldentity A’s words are familiar



Malingering or Implicit Memory?

+ Malingering Measure Given to 2 of 4 subjects

+ Forced-choice recognition
+ Explicit Probes: Words learned by Identity A
+ Incidental Probes: Words seen as distracters by
|ldentity A

Explicit Probes Incidental Probes
M04 0% 50%
MO05 33% 42%




Malingering or Implicit Memory?

+ Malingering in one subject
+ Forced-choice malingering measures have adequate
specificity, but poor sensitivity
+ Failure to detect malingering is therefore not conclusive

+ RT and Recognition
+ DID patients, as Identity B, are influenced by ldentity A’s
words in a manner almost identical to how college student
controls are influenced by recently seen and recognized
words.

+ Two DID patients reported some “co-consciousness”

yet responded as if amnestic as ldentity B
+ Spanos (1994, 1996): DID as a socially constructed
phenomenon
+ Symptoms are context bounded, goal-directed, social
behavior produced in response to demand characteristics



The Nature of Amnesia in DID

+ Implicit Memory?

+ Maybe in some cases, but seems less
likely given the present findings

+ Fabricated?

+ In same cases it would appear that the
amnesia is fabricated

+ But we did not test all DID patients, nor
even all pairs within these 4 DID patients

+ Social Construction? (Spanos 1994, 1996)

+ Remains a possibility
+ 50 too does implicit memory?



ERPs and Affective Processing

» |APS = International Affective Picture System
»Pleasant, Neutral, Unpleasant
»Vary In Arousal: Pleasant and Unpleasant tend to be more arousing

» Predict more significant stimuli produce larger P3
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Fig. 1. Stimulus synchronized grand average ERP waveforms for Fz. Cz, and Pz electrodes during
viewing of affective pictures, separately for each valence category (pleasant, neutral and unpleasant). The
left panel illustrates the picture onset potentials on a finer t ale, and the vertical lines at Pz illustrate
the time areas subjected to statistical analysis {i.e. 200300, 300-400, 400700, 700- 1000 ms). The right
panel shows the subsequent 5 s of slow potential cha
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Figure 1. Sensor outline of the geodesic sensor net. The left and right panels illustrate the sensor clusters used to quantify the early
(EPN) and late (LPP) selective ERP components, respectively.



ERPS and Implicit Affective Processing

» Ito & Cacioppo (2000) JESP

» Evaluative Processing (positive vs negative)
» Nonevaluative (people vs no-people)



Explicit Evaluative Effects
(Evaluative Categorization Task Condition)

Negative target in positive context
Positive target in positive context
Positive target in negative context

Megative target in negative context

c (pV)

Amplit

Implicit Evaluative Effects
{Nonevaluative Categorization Task Condition)
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Ito & Cacioppo (2000) JESP




N400 and Language

1o M. Kuraz and 5A. Hillpard | KR and fwo wap's fo ineel surprise

Small /Congruous M}ﬂ%

WAEER T FURaT I:li'l'

' " MNago
St/ ncongrusus :\[‘”«.r*&“l‘ﬂw—lm

WHHEK HE SPRLAD THE walkM  BREAD WITH SOCK .

TTTT

FROM THE

Lafga S Congruous

XKExXX PLEASE GET TH FILE CABINET.

Large/ Incongrudus TW‘

WHHER | TAEE COFFEE WITH CREAM &ND

ENGINE.

Fig, | Grand average BIUT wavelonms (acooss ull sabjects) recarded ewer vach of the Tour Ly pcs
of sevenwond watences, An example of cach lypsa of sentence is IIHW-I] below, witl werlical

lines macking the wionl presenlations, Hocuidings are Toom Pz,

*Originally reported by Kutas &
Hillyard, 1980.
«Semantic Incongruity is separable
from other forms of deviations (e.qg.
large font)
*N400 Semantic Deviation
*P300 Physical Deviation
*Also seen in semantic differentiation

| tasks (Polich, 1985); APPLE,
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N400 and Language

THE PIZZA WAS TOO HOT TO..

Sensitive to degree of
semantic incongruity

- Bast Completions
- Jnrelated Anomalies
--------- Related Anomalies

SRS W PN N I I N N S —
600 800



Political Evaluations!

» Morris Squires et al. Political Psychology 2003

Prime displaye argat dis d

200 ms 100 ms Reaction Time

‘Dalightful”
or
"Disgusting”
Reaction Time

MES Trait and Emotion Words:
“Angry” or
"Clirton” "Proud

100 ms Rea

MES Trait and Emotion Words:
“Angry’ or
“Lucas”

Target are Incongrusnt

Figure 2. Attitude-priming paradigm and examples of its use.




ERPs and Hot Cognition 739

Congruent or
incongruent
defined based on
idiographic data

M | M from pretest
\ /
| HL JI_V o

4 v

INCONGRUENT

/‘\
PZ A A I‘-’I Iﬂ 'r \J\‘l“‘m‘-‘u’“"“x
\y v N40D
| [rAmE] | TARGET
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=100 0 100 200 300 400 500 00 700 200 9001000

Morris Squires

et al. Political
Figure 4. ERPs to congruent and incongruent prime/target pairs. PsyChOIOgy 2003




Sentence Reading

[N . AN
\ )/ \
N
ocfed
(

Word Association

Categorical Relations

Visual Hemifield
RVF LVF
7 ~"\ A

TAY A
| /\\ }" AA

Neighborhood Size

A

Speech —

Word Repetition

» Cloze probability: proportion of
respondents supplying the word
as continuation given preceding
context

» N400 reflects unexpected word
given the preceding context

» This Is independent of degree of
contextual constraint

» Larger N400O

» Low cloze, Contextual constraint high:
» The bill was due at the end of the hour

> Low cloze, Contextual constraint low:
» He was soothed by the gentle wind

> Smaller N400

» The bill was due at the end of the
month

Kutas & Federmeier, 2011



‘ H > Sentence completion

N400 g _
o » Best (expected) ending small

P\WW » Unexpected but related larger

» Unexpected and unrelated largest

Sentence Final Sentence Medial N400 x Cloze

» Categorical relations ...
sentence final word is:

> an expected category exemplar
Sentence Reading Categorical Relations > an unexpeCtEd’ ImpIaUSIbIe
\/15ui(;-{emmemi;: Spee(hf exemp| ar from the same Category
v ik as the expected one (related
anomalous)
e Assoﬁi:cmO[1 Neighborhood Size Word Repetition > from a‘ d Iffe rent Category

(unrelated anomalous)

» Note multiple modalities of
effect, and graded effect in RVF
(LH)

Kutas & Federmeier, 2011




» Word Association, with second
word In pair
» Unrelated to first (eat door)
» Weakly related to first (eat spoon)
» Strongly related to first (eat drink)
» Orthographic neighborhood size

(among a list of words, pseudowords, and
acronyms)

3 -
0 02 04 06 08 10
Cloze nrobability

Sentence Reading Categorical Relations

» Words that share all but one letter
AN in common with particular word

» Large ‘hood (e.g., slop) — large
N400

» Small ‘hood (e.g. draw) — small
N400

Kutas & Federmeier, 2011




3 -
0 02 04 06 08 10
Cloze nrobability

Sentence Reading Categorical Relations

Visual Hemifield Speech —

. _,\ RVF o LVF = Rt

TAY A
| /\\ }" AA

Neighborhood Size Word Repetition

A

Word Association

> Math: (e.g.,5x8=__ )

» Correct (40) small
> Related (32, 24, 16) small if close
» Unrelated (34, 26, 18) large

> Movement and Gestures

» Typical actions (cutting bread with
knife) = small

» Purposeless, inappropriate, or
Impossible actions = large

» Cutting jewelry on plate with fork
and knife

» Cutting bread with saw

» N400 modulated by both:

» appropriateness of object (e.g.,
screwdriver instead of key into
keyhole)

» features of motor act per se (e.g.,
orientation of object to keyhole)

Kutas & Federmeier, 2011



N40O0

Sentence Final Sentence Medial N400 x Cloze

r=-0.79

0 02 04 06 08 10
Cloze probability

Sentence Reading Categorical Relations

Speech —

RVF LVF St
v ===

'n x‘\,-‘»
L

Visual Hemifield

A

/ -'\ N /

N400 effect
nv
LN 1
: 0
\ [
| 2
1 h =
-+
s

» Repetition effects

> Repetition creates contextual
familiarity, reduced processing
demands

» N400 thus useful in studying
memory

» Appears additive with
incongruency effects

Kutas & Federmeier, 2011



N400 — The Unexpected Hero!

ALLEN, IACONO, LARAVUSO, AND DUNN

Before Release

LH-NoAmn LH-SimAmn HH-NoAmn
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N400 — The Unexpected Hero!

ALLEN, IACONO, LARAVUSO, AND DUNN

Before Release
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N400 — The Unexpected Hero!

ALLEN, IACONO, LARAVUSO, AND DUNN

Before Release

LH-SimAmn HH-NoAmn

T LN DAAL e Satn S | T 1 !

0200 400 600 8001000 0 200 400 600 8001000 0 200 400 600 800 1000 O

After Release

0200 400 600 8001000 0 200 400 600 8001000 0 200 40D 600 800 1000 0 200 400 609 800 1000
Latency (ms) Latency (ms) Latency (ms) Latency (ms)




Response-locked potentials

» Lateralized Readiness Potential (LRP), a special case of
movement-related potentials

» Error-related Negativity (ERN, aka Ng)



148 EIMER Eimer 1998, Beh Res Methods

Lateralized
Left Response Right Response - -
e M Rcadiness Potential

*LLRP can be stimulus-locked or response-
locked

eFor stim-locked, latency is time between
stimulus onset and LRP onset

eFor rsps-locked latency is time between an
LRP deflection and the overt response.

Subtraction 1: C3'-C4'

2V

— Left Response
- Right Response

Flgure 1. Computation of the lateralized readiness potential (LRF)

with the double subtraction method on the basis of event-related

Subtractiﬂn 2 [CSLM':)(L:] = {C@-Cd.']{ﬂ] brain ptle(*ll[l:l_l i rEH:F'} w:n'-:-ti:ul'msoll-:lt_ﬂl :H(*IE{‘II'I](I(TS('J’ {left hemil-
sphere) and C47 (right hemisphere). Top panels: Grand-averaged

ERP wavetorms from 10 subjects elicited at €3 (solid lines) and C4
(dashed lnes) In response to stmall requiring a left-hand response
(left side) and to stmull requiring a ght-hand response (Hght side).
Middle panel: Difference waveforms resulting from subtracting the
ERPs obtained at C4” from the ERPs obtained at C3 separately for
left-hand responses (solid line) and right-hand responses (dashed
line). Bottom panel: LRP waveform resulting from subtiracting the
C3'— C4" difference waveform for right-hand responses from the
C3'— C4' difference waveform for lefi-hand responses. A downward-
colng (positive) deflection Indicates an activation of the correct re-
sponse; an upward-golng (negative) deflection Indicates an activation

Incomect q \/



-2pV

Incomect

Compatible

Incompatible

Fligure 2. Top: Examples of stimulus displays in an experiment ol
spatial stimulus—response compatibility {Eimer, 1993, Experl
ment 1a) in which stimulus and response sides could elther be compat
ible (left side) or Incompatible (right side). Bottom: Grand-averaged
LEFP waveforms from 10 subjects, elicited In compatible trials (sollc
line ) and in Incompatible trials {dashed line).

Response
conflict In
the LRP

Eimer 1998, Beh Res Methods



The ERN

-200 o 200 400

Time (ms)

Also sometimes termed Ne

600

Flankers Task:

MMNMM



Life is full of choices ... and consequences

DAMNED B[] DAMKED
i vou de 4 youdon T B

“C'mon, o mon—it's either one or the other”




Th e E R N 2y  Error Force
10}
8t
-8 : ERN Size (quartile) Kg &
I .."": =={1) small 41
{ I I— 2) medium 2 -
4 IR == (3) large Gehring et al.,
| : :. Trret{4) X-large ] -
ol 1993
0 [ s Probability
AT 08, of Error-Corraction
R 2
. a
4 ;
-~ o
1AV | \% = =iy
\ 2 :
: A 2ot |1
: ..."_: 9. /
1 7y S| % 7
19k I : 1 2 3 4
i 300 - Correct AT on Next Trial
16 - ; g 2e0 b
| E 280 |
2011|I|;|:|J|I|||f|||i T ol )
Q
400 200 0 200 400 600 B
=] o -
T msec | ///;.
EMG Onset > sr1nall medium Ia?ge X-I:rgs

ERN Quartile

| Fig. 3. Relationship between error-related negativity (ERN) amplitude and three measures of compensatory behavior. Left panel:
Average cvent-related potentials at the C, electrode as a function of the four levels of the posterior probability measure of ERN

amplitude. Right panel, top: Error squeeze force in Kg as a function of the four ERN levels. Right panel, middle: Probability of

€ITOT Correction as a function of the four ERN levels. Right panel, bottom: Correct reaction tirme on the trial following an error
as a function of the four ERN levels.




Modality Specific?

»Does not matter what
modality stimulus was
presented

SN SN S—

-200 R 200 400 600 ms -200 R 200 400 600 ms

correct




»Does not matter what

—— Caorrect
" " Perceived errors modality response was made
——- Unperceived errors
> Eye
Grand-average ERPs Grand-average difference
6 ¢ _waveforms (error-correct)
-34. 3
0 0
3 3
= :
9 9
12 12
61, -6
-3 -34
0 04
3 3
6 6
3 9 9
12 12
67. -6
- - -4
0 0
3 3
6 6
= 9
12 oo, 2
200-100 0100 200 300 400 200-100 0 100 200 300 400 Nieuwenhuis et al., 2001:

Time (ms) Time (ms) Anti-Saccade Task




C.B. Holroyd et al. / Neuroscience Letters 242 (1998) 65-68 > Does not matter what
modality response was made
> Eye

> Hand

> Foot

©O Hands

O Feet

O Visual

O Auditory

B Somatosensory
X RT Exp.1

+ RT Exp.2

ocations uf the EF.N de n~rm|nn~'i in ;'
along with the loc dtI[JIIw uf ’rhw EF‘N nt
quares re . C




Error Detection Vs. Error Compensation

» |f Error Compensation, ERN/Ne should not be
present in tasks where compensation impossible

» Ergo...
»the Go-Nogo!
»Play along... press only for X following X



-200 R 200 400 600 ms 200 R 200 400 600 ms

false alarms
incorrect choices - correct choices

continuous lines, co
and the Pe 1s smaller
with PPz maximum is s

is not larger for hits than for correct choice trials.

Falkenstein Hoormann Christ & Hohnsbein, Biological Psychology, 2000,
Summary of Falkenstein et al 1996



Error Detection Vs. Outcome Impact

» Might the “cost” or “importance” or “salience” of an error be
relevant to this process?
» Studies relevant to error salience

» Speed-accuracy trade off
» Individual differences



Speed Vs. Accuracy

M. Falkenstein et al. / Biological P.

vis

-400 -200 R 200 ms -400 -200 200 ms

severe time pressure moderate time pressure

riment 1: n="9) of the RTA for
" minus ; under n
ere time pressur ry lines). The e s were (moderate) and 3(
or trials vas equalised for the onditions. The Ne is smaller for
error rate.




Individual Differences

» Psychopathy (or analog)
» OCD



Deficits in Error Monitoring In
Psychopathy

» Psychopaths appear unable to learn from the
consequences of their errors

» Avolidance learning deficits
> In the context of rewards and punishments
» Deficient anticipatory anxiety
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Thirty participants selected: 15 high SO
Dikman & Allen, 2000, Psychophysiology 15 SO



Procedure

> Eriksen flanker task: SSHSS

» Two conditions for each subject
» Reward (REW), errors “No $”
» Punishment (PUN), errors 95 dB tone

» Consequences of errors could be avoided by
self-correcting response within 1700 msec
window

> Res

ponse mapping switched at start of each of

10 blocks, total trials 600
» Only corrected error trials examined



High Socialized Low Socialized

' o I I T T ;
-0 -0 106 360 500 <300 -1000 100 300
Latency (ms) Latency (ms)

Dikman & Allen, 2000, Psychophysiology
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ERN in OCD

Control Error Trials

Time {ms) Time {ma)

— Error — OCD

Correct

Fig. 1. Response-locked event-related potential waveforms at the Cz electrode location. The left panel compares correct-trial and error-trial
wavelforms | | participants and for individuals with obse -compulsive disorder ((CD). The rfght panel compares arror-trial

wavelforms for the two groups, Times are plotted relative to the latency of the bulton-press response. ERN error-related negativity,

And amplitude of ERN correlates with Symptom severity (correlation
magnitude ~.50); Gehring et al. (2000)



Studies

Agam et al., 2014 : -
DOI: 10.1111/psyp.13348 ‘

Grindler et al., 2009

EARLY CAREER AWARD WILEY IPSYGHOPHYSIUUJGY sr;:l;j;? Hammer et al., 2009

Nieuwenhuis et al., 2005
O'Toole et al., 2012

Riesel et al., 2015

The erring brain: Error-related negativity as an endophenotype Santamaria-Garcia et al., 2018 .
for OCD—A review and meta-analysis

Carrasco et al., 2013a —_—
Psychophysiology. 2019;56:¢13348. Carrasco et al., 2013b -—
Anja Riesel https://doi.org/10.1111/psyp.13348 Endrass et al.. 2008 -
Endrass et al., 2010 -
Gebhring et al., 2000 -
Grindler et al., 2009

1007 OCD, 1100 Control participants Grtzmann et al, 2016

Hajcak & Simons, 2002 -

¢ 1
> Medium effect size -.49 Hajcak et al., 2008 -
>

Hanna et al., 2012 —_—
Hanna et al., 2016 T —

Task type moderates (response o ol 2018 e

. Johannes et al., 2001 - :
conflict larger) Kaczkurkin, 2013 E—

Klawohn et al., 2014 1 ]

> Robust across: Klawohn et al., 2016 .

Liu et al., 2013 =

Subgroup OTHER TASKS (12=31.3 % , P=0.223) ‘ _ —

Nawani et al., 2018 =
» Clinical OC Severity (at study Riese ot o, 2011 —
|eve |) Riesel etal.: 2015 —-——
Riesel et al., submitted -—
> Depression symptoms Ron et ol 2017 N
Ruchsow et al., 2005 -

> Medication StatUS Santesso et al., 2006 -

Stern et al., 2014 S —

> Age Mathew et al., 2016 -

> Fail'safe N = 55 Weinberg et al., 2015 ‘ -

Xiao et al., 2011 -—
Zambrano-Vazquez & Allen, 2014 —
Subgroup RESPONSE CONFLICT TASKS (1*2=0 % , P=0.883) <>

Overall (1*2=45.5 % , P=0.049) >

-2 -15 -1 -05 0
Standardized Mean Difference



Errors and Feedback

» Endogenous Error Detection
» Exogenous Error Feedback
» Common Mechanism?



Choices and Feedback




The Feedback Medial Frontal Negativit
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The Gambling Task

Alternatives Rgshgé%ese Outcome

-J.

T|me—|—|— —I—I—)

Green = gain
Red = loss

Gehring and Willoughby, 2002 Science



Gain-Loss

0.2

T 2SEM ‘ ’
400 600 _ ' ' uV

Fig. 2. ERP waveforms, scalp topography, and likely neural generator of the MFN. (A) The
waveforms are shown at the Fz (frontal) electrode site. The solid red line corresponds to the
average ERP waveform for all trials in which the participant lost money. The dashed green line
corresponds to those trials in which the participant gained money. The MFN is indicated by the
arrow. The error bar represents two standard errors of the mean, based on the mean squared error
from the ANOVA (9). (B) The map of scalp activity shows the voltages, derived by subtracting the
loss-trial waveform from the gain-trial waveform, computed at 265 ms after the onset of the
outcome stimulus. Larger positive values correspond to a greater MFN effect. The MFN is indicated
by the focus of activity at the Fz electrode (designated by the arrow). The best-fitting dipole model
of the generator of the MFN is shown as a red sphere centered in the ACC on a canonical magnetic
resonance imaging template of the human head (9).

Gehring and Willoughby, 2002 Science




Error, or motivation?

Choice  Qutcome

- Loss & Correct
Gehring and

Loss & Error Willoughby
2002
Science

Choice  Qutcome

&y O] » Gain & Correct
(O Q3+ PPN Gain & Error

-100 0 100 200 300 400 500




Error, or motivation?

Choice  Qutcome

O £} » P Loss & Correct

Gehring and
_.. LI Loss & Error Willoughby,

2002

Science

Choice  Qutcome

5o Gain & Correct
O &3> AN Gein&Eror

100 200 300 400




Effect may depend on relevant dimension of feedback

Loss minus Gain

o

—
o

Gambling task Exp 1
(emphasis on utility)

—
8]

Nieuwenhuis, Yeung, Holroyd, Schurger, & Cohen (2004), Cerebral Cortex



Effect may depend on relevant dimension of feedback

Loss minus Gain

Gambling task Exp 1
(emphasis on utility)

Gain & Correct  [rror minus Correct
= (Gain

Loss & Correct
- Loss &Error

Gambling task Exp 2
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Nieuwenhuis, Yeung, Holroyd, Schurger, & Cohen (2004), Cerebral Cortex



Reward

Non-reward
FCz (uv)

LS S W TS - S N

FCz (uVv)
O 0 s N a0 ad b

FRN may be absence of Reward Positivity

PCA Waveforms Summed Waveforms Non-reward vs. Reward

|—P2

|——Reward-Related Positivity

% —P300

[——Slow Wave p

-

0 200 400 600 800 1000
Time (ms)

Time (ms)

Foti et al. (2011). HBM



FRN and Problem Gambling

Why do Gamblers Gamble?



Black Jack Study

» 20 Problem Gamblers, 20 Controls
> Black Jack

Hewig et al. (2010). Biological Psychiatry



Black Jack Study

Previous Previous Previous Previous
Nobust | Bust Nobust | Bust
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Prob “hit” at 16

Hewig et al. (2010). Biological Psychiatry



Black Jack Study
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Hewig et al. (2010). Biological Psychiatry



Black Jack Study
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Prob “hit” at 16

Hewig et al. (2010). Biological Psychiatry



Conclusions

» At a critical point score of 16, problem gamblers decided more
often to hit despite losses due to a bust on the preceding trial,
whereas control participants decided more often to sit under
these conditions.

» Problem gamblers showed more reward-related positive
amplitudes In the event-related brain potential than control
participants after successful hit decisions at 16.

» Results suggest that high-risk-taking behavior in problem
gamblers is assoclated with an increased reward-related neural
response to infrequent successes of this behavior.
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