
Contents lists available at ScienceDirect

Neuropsychologia

journal homepage: www.elsevier.com/locate/neuropsychologia

Emotion regulation to idiographic stimuli: Testing the Autobiographical
Emotion Regulation Task

Brittany C. Speeda,⁎, Amanda R. Levinsona, James J. Grossb, Dimitris N. Kiossesc, Greg Hajcaka

a Department of Psychology, Stony Brook University, United States
b Department of Psychology, Stanford University, United States
c Department of Clinical Psychiatry, Weill Cornell Institute of Geriatric Psychiatry, United States

A R T I C L E I N F O

Keywords:
Emotion regulation
Cognitive reappraisal
Late positive potential
Idiographic

A B S T R A C T

Mounting evidence suggests that the ability to regulate emotion is crucial for psychological well-being. However,
one important limitation of prior emotion regulation studies is that they rely on standardized stimuli low in
personal relevance. To address this limitation, the current study employed a novel event-related potential (ERP)
paradigm designed to investigate the late positive potential (LPP) as a measure of emotional reactivity and
regulation to idiographic stimuli in 49 young adults. The Autobiographical Emotion Regulation Task (AERT) is a
word-viewing task in which participants identify neutral and emotionally-charged autobiographical memories
and generate keywords unique to each memory. First, participants are instructed to simply view the keywords.
Then, participants are presented with keywords from negative memories and are either instructed to react
normally (react condition), or to use cognitive reappraisal to decrease negative emotion (reappraise condition).
Results indicate that the LPP was potentiated when initially viewing keywords for negative compared to neutral
memories. Furthermore, the LPP was reduced during reappraise compared to react trials, demonstrating
successful down-regulation of neural activity to negative idiographic stimuli. These findings suggest that the
AERT is a feasible and effective probe of emotion regulation to idiographic stimuli.

1. Introduction

Emotions may be conceptualized as transient changes in one's
subjective experience, behavior, and physiology that result from
motivationally salient internal or external cues (Gross, 2015; Lang,
1995). Emotion regulation refers to the activation of a goal to alter one's
experiential, behavioral, and/or physiological emotional response
tendencies (Gross, 1998b; Gross et al., 2011). According to the process
model of emotion regulation (Gross, 2015), different types of emotion
regulation can be distinguished by the stage at which they are
implemented within the emotion-generation process, and by the out-
comes they produce. Emotion regulation research has largely focused
on the stage of cognitive change, which refers to the modification of
cognitions related to a situation or one's ability to manage it (Gross and
Thompson, 2007).

One specific form of cognitive change, cognitive reappraisal, has
garnered increasing attention because of its associations with a range of
positive health outcomes (Gross, 2002). Cognitive reappraisal is an
antecedent-focused cognitive linguistic strategy which involves reinter-
preting the meaning of a situation in order to change its emotional

intensity. Typically cognitive reappraisal is employed to decrease the
intensity of negative emotions or increase the intensity of positive
emotions (Ochsner and Gross, 2005). The tendency to use cognitive
reappraisal has been associated with reduced negative emotions and
increased positive emotions (Gross, 1998a; Feinberg et al., 2012;
Lieberman et al., 2011; Ray et al., 2010; Webb et al., 2012), and
decreased physiological arousal (Gross, 1998a; Jackson et al., 2000;
Kim and Hamann, 2012; Shiota and Levenson, 2012), and positive
mental health outcomes (Gross and John, 2003; Nezlek and Kuppens,
2008; Richards and Gross, 2000).

Neuroimaging studies examining the neural bases of cognitive
reappraisal utilizing standardized emotional stimuli have yielded
largely consistent findings (for a review see Ochsner et al., 2012).
Meta-analyses of these neuroimaging studies have found that cognitive
reappraisal is associated with activation in brain regions associated
with cognitive control, including the dorsolateral prefrontal cortex
(dlPFC), ventrolateral PFC (vlPFC), and parietal cortex, as well as
deactivation in brain regions associated with emotion-generation, such
as the amygdala and insula (Buhle et al., 2014; Kalisch, 2009; Kohn
et al., 2014). In addition, greater reappraisal use in daily life has been
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associated with greater decreases in amygdala activity and increases in
prefrontal and parietal activity during the processing of negative
emotional facial expressions, suggesting that greater reappraisal use
may facilitate greater top-down processing of negative information
(Drabant et al., 2009).

Given that important changes in emotional processing occur on the
order of milliseconds, electrocortical measures of emotional processing
derived from the event-related potential (ERP) are ideally suited to
study engagement with emotional stimuli, allowing for the examination
of discrete changes in neural functioning in response to emotion
regulation across time (Weinberg et al., 2013). One promising biomar-
ker of emotional processing is the late positive potential (LPP) which is
evident as a positive deflection maximal at central-parietal midline
recording sites; the LPP begins approximately 200 ms after stimulus
onset and is potentiated for pleasant and unpleasant compared to
neutral stimuli (Hajcak and Olvet, 2008). Unlike most ERPs, the LPP is
sustained for the duration of stimulus presentation—and appears to
index sustained attention toward, and engagement with, emotional
content (Hajcak et al., 2010). Notably, the LPP is sensitive to changes in
stimulus meaning, such as when emotion regulation strategies includ-
ing cognitive reappraisal are used (Hajcak and Nieuwenhuis, 2006; Foti
and Hajcak, 2008; Thiruchselvam et al., 2011). Previous research has
found that cognitive reappraisal resulted in an attenuated LPP to
negative pictures, which was associated with decreases in self-reported
negative emotion (Hajcak and Nieuwenhuis, 2006). To further clarify
the mechanism between a reduced LPP following reappraisal, one study
provided auditory reappraisal frames before picture viewing (i.e.,
preappraisal), and found that the LPP was significantly reduced in
response to unpleasant pictures that followed neutral descriptions,
compared to the LPP elicited by unpleasant pictures that followed
negative descriptions (Foti and Hajcak, 2008). Alternatively, the LPP
can be potentiated when a neutral stimulus is pre-appraised in negative
terms (MacNamara et al., 2009). These findings indicate that altering
the meaning of an emotional stimulus, via reappraisal or preappraisal,
can modify the amplitude of the LPP.

One broad limitation of prior emotion regulation studies is that they
have primarily relied on standardized emotional words, picture sets, or
films (Buhle et al., 2014; Dillon et al., 2006; Gross, 2002; Hajcak et al.,
2010; Schupp et al., 2006). Appraisal theories argue that the self-
relevance of a stimulus influences the intensity of the resulting emotion,
which likely impacts the success of the regulation attempt (Ellsworth
and Scherer, 2003). Thus, though there is strong evidence that adults
can successfully utilize cognitive reappraisal to alter emotional re-
sponding to standardized emotional stimuli, there may be important
differences in one's ability to use reappraisal to self-relevant versus
standardized stimuli.

A growing literature utilizing self-relevant emotional stimuli sug-
gests that cognitive reappraisal may also be effectively used to
modulate emotional responses to autobiographical information. One
self-report study utilized anger-inducing autobiographical memories,
and found that cognitive reappraisal resulted in decreased re-experien-
cing of anger and negative emotion (Kross et al., 2005). Furthermore,
Kross et al. (2009) found that cognitive reappraisal during negative
autobiographical memory retrieval resulted in activation in brain
regions associated with cognitive control, including the left PFC, as
well as activation in a network of regions thought to be involved in
autobiographical memory and self-referential processing, including the
subgenual ACC and medial PFC. Activation in these regions mirrored
participants’ self-reported negative emotion (Kross et al., 2009). Other
studies utilizing emotional autobiographical memories have largely
replicated these findings (Cooney et al., 2007; Fabiansson et al., 2012;
Holland and Kensinger, 2013; Joormann et al., 2012), suggesting that
cognitive reappraisal to self-relevant stimuli results in activation of
brain networks associated with cognitive control and self-referential
processing, and decreases subjective negative emotion. However, it is
currently unclear how cognitive reappraisal to self-relevant stimuli may

influence other measures of emotional processing, such as the LPP.
As dysfunction in emotion regulation ability plays a key role in

many forms of psychopathology (Gross and Jazaieri, 2014; Kring and
Werner, 2004), studies have utilized the LPP as an individual difference
measure, associating variability in the LPP to psychopathology (e.g.
Foti et al., 2010; Weinberg et al., 2016). An essential criterion for
conducting studies of trait-like individual differences and clinical
problems is reliability in the measures used. To the best of our
knowledge, no studies have examined psychometric properties of fMRI
measures of emotion regulation, and only a single study has examined
internal consistency of the LPP during emotion regulation. Specifically,
Moran et al. (2013) found that the internal consistency reliability of the
LPP during emotion regulation was in the good range (rs between 0.66
and 0.79). However, no studies have examined psychometric properties
of neural correlates of regulation in response to idiographic stimuli that
vary from participant to participant.

The primary goal of the current study was to examine the neural
correlates of emotional reactivity and regulation to idiographic infor-
mation (i.e. autobiographical memories) utilizing a novel ERP para-
digm. The Autobiographical Emotion Regulation Task (AERT) utilizes
idiographic keywords tied to negative and neutral autobiographical
memories as emotional cues. In this task, participants are presented
with the negative and neutral idiographic keywords, and asked to view
them while thinking vividly of the situation, or to use cognitive
reappraisal to decrease the intensity of negative emotions. Previous
ERP studies utilizing standardized affective words as stimuli have found
that the LPP is potentiated when viewing positive and negative words
compared to neutral words (Dillon et al., 2006; Inaba et al., 2005;
Maratos et al., 2000; McNeely et al., 2004; Naumann et al., 1992).
Consistent with previous studies utilizing standardized stimuli, we
hypothesized that the LPP would be potentiated when viewing key-
words that serve as cues to negative autobiographical memories,
compared to keywords that serve as cues to neutral autobiographical
memories. Further, when viewing keywords that serve as cues to
negative autobiographical memories we hypothesized that the LPP
would be reduced during cognitive reappraisal compared to normal
reactivity. Finally, as the current study utilizes a novel task that
employed idiographic stimuli, internal reliability of the LPP was
evaluated; based on previous work (Moran et al., 2013), we expected
the LPP to have good internal consistency.

2. Method

2.1. Participants

Participants were 49 Stony Brook University undergraduate stu-
dents recruited from the psychology department research participation
pool (age M=19.47, SD=2.84, n=27 females). The ethnic distribution
of the sample was 40.8% Caucasian, 6.1% African American, 34.7%
Asian, and 18.4% Hispanic. This study was approved by Stony Brook
University's Internal Review Board. All participants provided informed
consent and received course credit for their participation. Inclusion
criteria were English fluency and ability to read and comprehend
questionnaires.

2.2. Procedure

Participants came to the lab for a 1-h individual session. They first
completed consent forms, provided basic demographic information,
and then provided personal information pertaining to the
Autobiographical Emotion Regulation Task (AERT). The AERT is a
computerized word-viewing task that was designed to investigate ERPs
during emotional reactivity and regulation in relation to idiographic
information. First, participants were asked to write down four recent
(i.e. in the past 2 years) autobiographical situations: two reflecting a
neutral experience (e.g., grocery shopping, folding laundry) and two
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reflecting events that triggered intense negative emotions (e.g., rela-
tionship break-up, death of a loved one; see Appendix I). After writing
about each situation, participants were asked to rate its emotional
intensity using a Likert-scale ranging from 1 to 5 (1=completely neutral/
not negative, 2=a bit negative, 3=moderately negative, 4=very negative,
5=extremely negative). In addition, participants were asked to identify
10 keywords that were both unique and tightly linked to each situation.
These keywords were then presented to participants during the task.

In the first portion of AERT, participants were asked to simply view
the keywords associated with each of the four situations (see Fig. 1; 40
words total: 20 neutral, 20 negative). Participants were first reminded
of a situation, and then were instructed to view all of the keywords
associated with that situation while thinking vividly of that situation.
The order in which situations were presented was counterbalanced
across participants (i.e., Neu, Neg, Neu, Neg or Neg, Neu, Neg, Neu),
and keywords within a situation were presented in a random order.
Next, participants completed separate “react” and “reappraise” blocks
of trials that focus only on negative situations.

In the react block, participants were first reminded of one of the
negative situations they identified, and were told that they would again
be viewing the keywords associated with that situation. Each word was
preceded by a “React” cue, which was intended to serve as a reminder
for participants to think vividly of the situation (see Fig. 1). Each
keyword was presented twice in random order (20 negative react
trials).

In the reappraise block, participants were likewise reminded of a
negative situation, and were given instructions for how to engage in
cognitive reappraisal when viewing the keywords for that situation.
Specifically, participants were instructed to “think about the situation
that applies to the words from a different perspective, in a way that decreases
negative emotion. For example, you might try to see this situation from the
perspective of an impartial observer.” Two practice trials were conducted
with mock situations, where participants used reappraisal out-loud, to
ensure that participants understood the reappraisal instructions (see
Appendix II for detailed instructions and practice situations). During
reappraisal trials, each word was preceded by a “Reappraise” cue which
was intended to serve as a reminder for participants to decrease their
negative emotion using cognitive reappraisal when viewing the upcom-
ing word. Again, each word was presented twice in random order (20
negative reappraise trials).

React and reappraise blocks were presented in counterbalanced
order across participants (i.e. React, Reappraise or Reappraise, React),
and all cues (i.e., React, Reappraise) were presented for 3000 ms
whereas all keywords in AERT were presented for 6000 ms each and

followed by a 3000 ms fixation. The viewing distance was approxi-
mately 65 cm, words were presented in white font on a black back-
ground on the center of the screen in Calibri 60 pt. font. The AERT was
presented using Presentation software (Neurobehavioral Systems Inc.,
Albany, CA).

Upon completion of each block, participants were asked to rate their
overall subjective emotion when viewing the words in that block on a 5-
point Likert scale (1=completely neutral/not negative to 5=extremely
negative).

2.3. Physiological recording and data processing

Continuous electroencephalography (EEG) was recorded while
participants completed the AERT. The ActiveTwo BioSemi was used
and included 34 electrodes, including FCz and Iz, positioned according
to the 10/20 system (BioSemi, Amsterdam, Netherlands). In addition,
electrodes were placed above and below the left eye, adjacent to the
outer canthi of the left and right eyes, and on the right and left mastoid
bone. In order to improve the signal-to-noise ratio the EEG signal was
preamplified at the electrode, and data were digitized at a 24-bit
resolution with a sampling rate of 1024 Hz using a low pass fifth order
sinc filter with a half-power cut-off of 204 Hz. EEG was measured
online with respect to a common mode sense active electrode, forming a
monopolar channel. Raw EEG data was re-referenced offline to the
average of the left and right mastoids, and band pass filtered from 0.01
to 30 Hz. Artifacts due to eye blink and ocular movements were
corrected using established standards described by Gratton et al.
(1983). All EEG data processing was completed using BrainVision
Analyzer (Version 2.1.1.327).

The EEG was segmented for each trial beginning 200 ms before the
presentation of each ideographic keyword and continuing for 6200 ms
(i.e., the full keyword presentation duration). A semiautomatic proce-
dure was used to reject artifacts on individual trials. Specifically,
individual channels were marked for rejection if a voltage step greater
than 50.0 µV was present between sample points, if a deflection greater
than 300.0 µV occurred within an epoch, or if a voltage difference of
less than 0.50 µV was detected within 100 sequential ms. Lastly, visual
inspection of the remaining trials was conducted to detect and reject
any other artifacts. The LPP is typically sustained for the duration of a
stimulus presentation (Hajcak et al., 2010), and has been shown to be
modulated relatively quickly by top-down processes, such as directed
attention or cognitive reappraisal (Hajcak et al., 2009; Moser et al.,
2006). Therefore, in order to examine differences in emotion modula-
tion and regulation across time, the LPP was scored as the average

Fig. 1. Displayed on the left is an example of a single trial during block 1 of the AERT, which involved the passive viewing of keywords from each negative and neutral situation, grouped
by situation and counterbalanced. Displayed on the right is an example of a single trial during a ‘React’ or ‘Reappraise’ block, which involved the viewing of keywords from the negative
situations while reacting naturally (react block) or using cognitive reappraisal (reappraise block), as indicated by the preceding cue.
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activity where it was maximal, at central-parietal electrodes (i.e.,
average of Pz, Cz, CP1, and CP2) in three time windows:
400–1000 ms, 1000–3000 ms, and 3000–6000 ms. The LPP was scored
separately for negative and neutral trials in the “view” block (i.e., view
neutral, view negative), negative trials in the “react” block (i.e., react
negative), and negative trials in the “reappraise” block (i.e., reappraise
negative). Each LPP average was baseline-corrected relative to the
activity in the 200 ms window before picture onset. The average
number of view neutral (M=18.69, SD=2.80), view negative
(M=18.78, SD =2.16), react negative (M=19.18, SD=2.23), and
reappraise negative (M=19.29, SD=1.37) trials included in ERP
averages were proportionate. Eight participants were excluded from
analyses as a result of equipment malfunction (n=2), or excessive EEG
artifacts (n=6), resulting in a final sample of 49 participants.

2.4. Data analysis

Self-report ratings of negative emotion were evaluated by means of
paired-samples t-tests. To determine if the negative and neutral
situations differentially modulated the LPP during word viewing in
block 1, we conducted a repeated-measures analysis of variance
(ANOVA) with situation (negative vs. neutral) and time window
(400–1000 ms, 1000–3000 ms, 3000–6000 ms) as within-subjects fac-
tors. To examine emotion regulation of the LPP during the react and
reappraise blocks, we conducted a repeated-measures ANOVA with
condition (react vs. reappraise) and time window (400–1000 ms,
1000–3000 ms, 3000–6000 ms) as within-subjects factors.

Internal consistency reliability of the LPP during the AERT was
evaluated by calculating the split-half reliability. Specifically, we
examined the correlation between averages based on odd- and even-
numbered trials (i.e. words) within each block, corrected using the
Spearman-Brown Prophecy Formula (Nunnally et al., 1967). All
analyses were conducted using IBM SPSS Statistics, Version 22.0
(Armonk, NY).

3. Results

Upon identifying and writing about each negative (word count
M=126.51, SD=69.82) and neutral (word count M=77.39,
SD=44.77) situation, participants rated the negative situations as
significantly more negative (M=4.55, SD=0.60) than the neutral
situations (M=1.01, SD=0.07), t(48)=−41.75, p<0.001.1 Neutral
situations included the completion of chores (28.3%), commuting/
travel (18.2%), personal hygiene (17.2%), meal preparation (16.2%),
shopping (10.1%), school work (7.1%), and ‘other’ (3%). Negative
situations involved interpersonal conflict (34.3%), health problems
(21.2%), loss of a loved one (14.1%), school/work problems (13.1%),
relationship ending (12.1%), and ‘other’ (5.1%). The length of key-
words in the first (M=6.14, SD=0.94) and second (M =5.95, SD
=0.78) neutral situation were not significantly different, t(48)=1.22,
p>0.22, nor were keywords in the first (M=6.39, SD=0.79) and
second (M=6.57, SD=0.75) negative situation, t(48)=−1.29,
p>0.20. Overall, keywords for the negative situations (M=6.48,
SD=0.61) were significantly longer than keywords for the neutral
situations (M=6.04, SD=0.69), t(48)=3.55, p<0.001.2

3.1. Emotion reactivity

3.1.1. Self-report
Following initial passive viewing of keywords from each situation,

negative emotion was rated significantly higher when viewing negative
(M=3.53, SD=0.87) compared to neutral idiographic words (M=1.06,
SD=0.24), t(48)=19.38, p<0.001.

3.1.2. LPP
As shown in Fig. 2, results from the initial passive viewing of words

from each situation reveal that the LPP was potentiated when viewing
negative idiographic keywords (M=4.91, SD=6.99), compared to the
LPP when viewing neutral idiographic keywords (M=2.19, SD=5.64),
F(1, 48)=5.71, p<0.05, ɳp2=0.11. The magnitude of the LPP did not
change across time windows, F(2, 96)=2.08, p>0.10, and the
Condition×Time interaction was not significant (p>0.20).

3.2. Emotion regulation

3.2.1. Self-report
Negative emotion was rated significantly higher when viewing

negative idiographic keywords during the react trials (M=2.92,
SD=1.02), compared to when viewing negative idiographic keywords
during the reappraise trials (M=2.10, SD=1.03), t(48)=5.32,
p<0.001.

3.2.2. LPP
Results indicated that the LPP was reduced during reappraise

(M=0.02, SD=3.67) compared to react trials (M=2.31, SD=5.99), F
(1, 48)=5.34, p<0.05, ɳp2=0.10, indicating successful down-regula-
tion of neural activity during the reappraise trials (see Fig. 3). In
addition, the LPP was largest during the early window (400–1000 ms;
M=3.28, SD=3.92), and smallest during the late window
(3000–6000 ms; M=−0.30, SD=7.54), F(2, 96)=17.00, p<0.001,
ɳp2=0.26. However, this finding was qualified by a significant Con-
dition×Time interaction, F(2, 96)=3.15, p<0.05, ɳp2=0.06, which
indicated that the difference in LPP magnitude between react and
reappraise conditions became larger over time. Specifically, LPP
magnitude between react and reappraise conditions was not differen-
tiated in the early window (400–1000 ms), t(48)=1.42, p>0.16, but
was significantly differentiated during the middle (1000–3000 ms), t
(48)=2.33, p<0.05, and late windows (3000–6000 ms), t(48)=2.26,
p<0.05.3

3.3. Reliability

As illustrated in Table 1, internal consistency of the LPP in the AERT
varied from modest during passive viewing of negative and neutral
idiographic words, to poor during react and reappraise trials. According
to traditional criteria, the LPP showed good internal consistency during
the passive viewing of words from the negative situations (r=0.73).
However, during neutral, react, and reappraise conditions internal
consistency was poor (rs ranged from 0.46 to 0.00).

4. Discussion

The current study examined emotional reactivity and emotion
regulation using a novel ERP paradigm that utilized idiographic key-

1 Follow-up analyses examining potential associations between the LPP and self-
reported emotion found no significant associations between self-report ratings of negative
emotion during the task and the LPP (ps> 0.28). In addition, ratings of negative
emotional intensity when writing about negative scenarios was not associated with the
LPP during the AERT (ps> 0.29).

2 As negative and neutral keywords were significantly different in length, we
conducted a follow-up analysis to determine if keyword length impacted the LPP.
Specifically, we conducted a repeated-measures analysis of covariance (ANCOVA) with
situation (negative vs. neutral) and time window (400–1000ms, 1000–3000ms,
3000–6000ms) as within-subjects factors, and negative and neutral keyword length as
mean-centered continuous covariates. Results again revealed that the LPP was poten-

(footnote continued)
tiated when viewing negative idiographic keywords compared to the LPP when viewing
neutral idiographic keywords, F(1, 46)=5.50, p<0.05, ɳp2=0.11. There were no
significant main effects or interactions of time or word length on the LPP (p's > 0.15).

3 When sex was included as a between-subjects factor in all analyses, the pattern of
results did not change; all reported findings remained significant. In addition, there were
no main effects of sex or interactions found between sex and the LPP (p's > 0.20).
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words as cues for autobiographical emotional memories. Consistent
with our hypotheses, the LPP was potentiated when viewing keyword
cues to negative autobiographical memories compared to word cues to
neutral autobiographical memories. Furthermore, when viewing key-
word cues to negative autobiographical memories, the LPP was
attenuated during cognitive reappraisal trials compared to a control
condition. This pattern of results was identical to what was found using
self-report measures (i.e., self-reported negative emotion was increased
when viewing negative keyword cues, and was reduced during re-
appraise trials compared to the control condition). Collectively, these
findings demonstrate successful down-regulation of neural activity and
subjective emotion to negative idiographic stimuli.

The majority of previous research examining emotional modulation

of the LPP has focused on responsiveness to standardized affective
picture sets, such as the International Affective Picture System (IAPS;
Lang et al., 1999), finding that the LPP is potentiated to emotionally
arousing compared to neutral pictures (Bernat et al., 2011; Cuthbert
et al., 2000; Hajcak et al., 2010; Schupp et al., 2004). Studies utilizing
standardized affective words have similarly found that the LPP is
potentiated when viewing emotional (i.e. positive, negative) compared
to neutral words (Dillon et al., 2006; Inaba et al., 2005; Maratos et al.,
2000; McNeely et al., 2004; Naumann et al., 1992). Results from the
current study replicate prior findings and extend them to non-standar-
dized, idiographic stimuli. Specifically, the current study found that the
LPP was potentiated to negative compared to neutral idiographic
stimuli, using words that serve as cues to autobiographical memories.

Consistent with research on emotional modulation, the vast major-
ity of research investigating the neural correlates of cognitive reapprai-
sal have utilized standardized visual stimuli (Hajcak et al., 2010;
Ochsner et al., 2012). Overall, these studies have found that cognitive
reappraisal results in attenuation of the LPP when viewing negative
pictures (Hajcak and Nieuwenhuis, 2006; Foti and Hajcak, 2008;
Thiruchselvam et al., 2011). The current study found that the LPP
elicited by negative idiographic keywords was decreased following
reappraisal training and instructions, suggesting that cognitive reap-
praisal is an effective strategy in reducing the neural response to
negative autobiographical memories. For the current study the size of
this effect was in the small-to-moderate range (d=0.46), which is

Fig. 2. Grand-average ERP waveforms and head maps to negative and neutral keyword presentation during the AERT in block 1. The LPP waveforms (left) were pooled across central-
parietal (Pz, Cz, CP1, CP2) electrode sites. The head map (right) displays the difference between negative and neutral word presentation in block 1. Negative keywords were associated
with a sustained increase in the late positive potential.

Fig. 3. Grand-average ERP waveforms and head maps to negative keyword presentation during the AERT in react and reappraise blocks. The LPP waveforms (left) were pooled across
central-parietal (Pz, Cz, CP1, CP2) electrode sites. The head map (right) displays the difference between react and reappraise trials. Negative keywords presented in the reappraise
condition were associated with a reduced late positive potential relative to negative keywords presented in the react condition.

Table 1
Odd vs. even trials split-half reliability of the LPP during the Autobiographical Emotion
Regulation Task.

Time Window View
Neutral

View
Negative

React
Negative

Reappraise
Negative

400–1000 ms 0.48 0.75 0.21 0.44
1000–3000 ms 0.57 0.63 0.20 0.00
3000–6000 ms 0.31 0.62 0.40 0.00
400–6000 ms 0.46 0.73 0.29 0.00

Note: The LPP was scored as the average activity at central-parietal electrodes (i.e.,
average of Pz, Cz, CP1, and CP2).
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notably smaller than the large effect size found by Hajcak and
Nieuwenhuis (d=0.85; 2006). Indeed, the increased personal salience
of personally-relevant emotional events may make it more difficult to
effectively utilize cognitive reappraisal as an emotion regulation
strategy. The few neuroimaging studies that have been conducted using
autobiographical emotional memories have found that in addition to
cognitive control regions, activation is increased in areas of the brain
associated with self-referential processing (Kross et al., 2009), suggest-
ing that the self-relevance of emotional stimuli may influence neural
activity associated with emotional processing and cognitive reappraisal.
Therefore, the personal relevance of emotional information may be
important, and may render emotion regulation more difficult. Future
research should compare the AERT and a traditional standardized
emotion regulation paradigm (e.g. Jackson et al., 2000) in the same
subjects to better evaluate potential differences in effect size and
internal consistency.

Given the growing interest in using ERPs and other neural measures
to study individual differences in psychopathology, it is important to
evaluate the psychometric properties of these measures (Patrick and
Hajcak, 2016). In the current study, internal consistency of the LPP
during the passive viewing of negative and neutral idiographic words
was largely consistent with two previous studies that have examined
reliability of the LPP while viewing standardized emotional pictures
(Kujawa et al., 2013; Moran et al., 2013). However, the current study
found that the internal consistency of the LPP to negative keywords
during emotion regulation was poor. To date, only one study has
investigated the reliability of the LPP during emotion regulation using
standardized emotional stimuli, and findings suggest good internal
consistency and test-retest reliability when compared to other psycho-
physiological measures (Moran et al., 2013). It should be noted that
when conducting reliability analyses, Moran et al. (2013) only included
participants with at least 20 artifact-free trials per condition, which
resulted in them excluding 58 of the 87 participants (67%) in their
sample. It is possible that the current study did not include enough
trials to obtain adequate internal consistency. These findings suggest
that the task was effective in producing the expected between-condition
(i.e., within-subject) effects, but lacked sufficient internal consistency to
be used to examine individual differences. Although disappointing and
somewhat surprising given the previous research, these findings high-
light a critical need for studies using psychophysiological measures to
report the psychometric properties of those measures, as is common-
practice when using self-report assessments.

There are several possibilities as to why internal consistency was
lower than expected in the current study. As stated above, it may be
that the current study did not include enough trials to obtain good
internal consistency. In addition, participants’ ability to reappraise
negative scenarios may have changed during the course of the experi-
ment, as they became more practiced. Future studies using idiographic
stimuli may want to consider a providing participants with more
practice using cognitive reappraisal to regulate negative emotion to
self-relevant stimuli before beginning the AERT, as the current study
involved reappraisal practice on only 2 mock scenarios. The current
study utilized a novel task which involved viewing words as reminders
of autobiographical memories; thus, each participant engaged with
different stimuli. Measures of internal consistency were originally
developed to evaluate psychometric properties of paper-and-pencil
measures, in which all participants answer the same questions, typically
with restricted response options (DeVellis, 2006). To improve internal
consistency while maintaining external validity, future studies might
consider using a single idiographic keyword cue, which is repeated
across trials, for a given autobiographical memory. It may be that using
multiple keyword cues per memory resulted in more varied responding
across trials within a condition. For example, each keyword may have
been linked to a different part of the autobiographical memory, and
these parts may have varied significantly in their emotional content. In
addition, during cognitive reappraisal trials it is possible that different

cognitive strategies were engaged across participants, or across trials
within participants, which may have resulted in poor internal consis-
tency of the LPP. To overcome this potential problem, future research
might encourage a more specific cognitive reappraisal strategy (e.g.
distancing) in all participants. Lastly, future studies might examine test-
retest reliability of the LPP during the AERT to determine whether
variability in the LPP in this task is stable over time (i.e., trait like)
overall. While test-retest reliability is more challenging to assess
because it requires multiple assessments, it will be particularly im-
portant to determine for future research hoping to use the LPP as a trait-
like biomarker of disease risk.

Overall, these findings suggest that the AERT is a feasible and
effective probe of emotion modulation and emotion regulation to
idiographic stimuli. Consistent with previous research using standar-
dized affective visual stimuli, the current study found that cognitive
reappraisal effectively reduces the LPP, a neural index of emotional
processing, elicited during engagement with negative autobiographical
memories. Future studies are needed to further evaluate and optimize
the psychometric properties of the LPP, particularly when using
idiographic stimuli, as internal consistency in the current study was
low and inadequate for individual differences research. With the
expansion of research on the neural correlates of emotion and emotion
regulation comes a growing responsibility for researchers to critically
evaluate the psychometric properties of their measurements.
Unfortunately, the reporting of psychometric properties of psychophy-
siological measures is rare, and the current study indicates the need for
this practice to become commonplace.

Appendix I

Neutral situation instructions: Please recall and briefly describe
below a recent autobiographical situation that did not elicit any strong
emotions (e.g. making a meal, folding laundry, waiting for the bus). Try to
recall the situation as vividly as possible.

Negative situation instructions: Please recall and briefly describe
below a recent autobiographical situation that triggered significant or intense
negative emotions (e.g. sadness, anxiety, anger, irritability, hopelessness,
helplessness, guilt), preferable in the past 2 years. Try to recall the situation
as vividly as possible.

Instructions for generating keywords for a specific neutral or
negative situation: Considering the situation you just identified above,
please identify 10 key words that are tightly linked to the situation. Please
consider these words carefully, and do not choose any words you have
chosen previously, you will be referencing them later on in the study.

Appendix II

Reappraisal Instructions: Before you see each word, you will see a
screen that says “REAPPRAISE” – this cue indicates that we would like you
to think about the situation that applies to the next word from a different
perspective. We would like you to think in a way that decreases negative
emotion. For example, you might try to see this situation from the perspective
of an impartial observer – like it was a scene from a movie, or like it
happened to a stranger.

Practice Situation 1: You raise your hand to answer a question in
class, the professor indicates that your answer is not correct, and you think
you hear other students in the class giggling.

How might you reappraise your emotions in this situation?
If participant has difficulty, provide examples: They were giggling

at something else; the question was really difficult; it happened to someone
else.

Practice Situation 2: You are supposed to be meeting a friend for
dinner at 6 pm. At 6:30 pm they still have not arrived or tried to contact you.

How might you reappraise your emotions in this situation?
If participant has difficulty, provide examples: They are stuck in

traffic; they got caught up atwork; people are often late or forgetful.
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If participant required prompts after the second practice situation,
provide a 3rd example.
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