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Abstract
We proposed that self-affirmation can endow people with more cognitive resource to cope with uncertainty. We tested this
possibility with an event-related potential (ERP) study by examining how self-affirmation influences ambiguous feedback
processing in a simple gambling task, which was used to investigate risk decision-making.We assigned 48 participants randomly
to the affirmation and non-affirmation (i.e., control) groups. All participants accepted the manipulation first and then completed
the gambling task with an electroencephalogram (EEG) recording, in which participants might receive a positive (winning),
negative (losing), or ambiguous (unknown valence) outcome after they made a choice. We considered both the feedback-related
negativity (FRN) and P3 components elicited by the outcome feedback, which reflected the amount of cognitive resources being
invested in the early and late stages of the outcome feedback processing, respectively. ERP results showed that ambiguous
feedback elicited a larger FRN among affirmed participants than unaffirmed participants but exerted no influence on the P3. This
finding suggests that self-affirmation may help coping with uncertainty by enhancing the early processing of uncertainty.
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Introduction

Certainty is important for human beings. A sense of certainty
may make people feel secure, happy, and content (Tiedens &
Linton, 2001). In reality, however, uncertainty is unavoidable.
People encounter uncertainties almost every day (Hastie,
2001). For example, unexpected traffic may occur at any time,
even when a particular route is familiar to a person.

Uncertainty is undesirable. Coping with uncertainty is not
only a frequent daily practice, but also an important research
topic. In this study, we explored whether self-affirmation, a
self-regulation strategy beneficial for dealing with various
stresses and threats (for a review, see Sherman & Cohen,
2006), would serve as a coping strategy for uncertainty.
Specifically, we examined the influence of self-affirmation
on the processing of ambiguous feedback information in a
decision-making task. To do this, we conducted an event-
related potential (ERP) experiment.

The need for certainty and dealing with uncertainty

Life is fraught with uncertainty (Hastie, 2001). Although the
understanding about uncertainty varies across research areas,
it is widely agreed that uncertainty is characterized by a state
in which information is incomplete or conflicting (Lipshitz &
Strauss, 1997). Uncertainty could refer to a condition of the
world or the resulting psychological response to that condition
(Platt & Huettel, 2008), and could be externally (i.e., the rel-
evant information is unavailable) or internally (i.e., people
lack the knowledge of the information) caused (Kahneman
& Tversky, 1982). The processing of uncertainty may
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manifest during sensory encoding, state evaluation, rule iden-
tification, and motor control (Bach & Dolan, 2012). In the
human brain, uncertainty may activate various areas including
the anterior cingulate cortex (encoding the level of sensory
uncertainty), amygdala (indicating the surprise emotion), and
parietal cortex (encoding reward probability) (Bach & Dolan,
2012; Dayan & Niv, 2008; Smith et al., 2009).

People pursue certainty and avoid ambiguity because in
most cases uncertainty is intolerable (Furnham & Ribchester,
1995; Kamal & Burkell, 2013). Uncertainty may make people
feel anxious and even dampen their cognitive ability further
(Grupe & Nitschke, 2013; Hirsh & Inzlicht, 2008; Jonas et al.,
2014; Monat, Averill, & Lazarus, 1972). When facing uncer-
tainty, therefore, people often strive to escape from or cope
with it by using diverse strategies, such as reducing, acknowl-
edging, or suppressing uncertainty (Lipshitz & Strauss, 1997).
As one of the most widely applied strategies, reducing uncer-
tainty is particularly relevant to our current study. Typically,
this strategy requires people to determine what the uncertain
information actually means by learning and reasoning (Ernst
& Steinhauser, 2015; Lipshitz & Strauss, 1997; Moore,
Underwood, Heberlein, Doyle, & Litzie, 1979), which de-
mands additional cognitive resources compared to the pro-
cessing of certain information (Bland & Schaefer, 2012;
Gibbons, Schnuerch, & Stahl, 2016). Increased cognitive re-
sources can be inferred from enhanced capability of the frontal
executive network at the neural level and heightened efficien-
cy in finishing attention, working memory, cognitive control,
and inhibition tasks at the behavioral level (Posner, Snyder, &
Solso, 2004; Vecchio, 1990). They can be strengthened by
diverse self-regulation strategies (Gilbert, Krull, & Pelham,
1988) but weakened by various negative conditions such as
stress and fatigue (Engle, Conway, Tuholski, & Shisler, 1995;
Granholm, Verney, Perivoliotis, & Miura, 2007). When cog-
nitive resources are insufficient, the efficiency of uncertainty
processing are compromised (Summerfield, Behrens, &
Koechlin, 2011). Inversely put, a potential way to enhance
uncertainty processing is to increase cognitive resources.

Self-affirmation and uncertainty

In this research, we proposed that self-affirmation can help
people evaluate uncertain or ambiguous information by mo-
mentarily increasing their cognitive resources. Self-
affirmation theory posits that people can strengthen their
self-integrity by reiterating their value in one domain and
thereby countering threats from other domains (Sherman &
Cohen, 2006; Steele, 1988). Typically, self-affirmationmanip-
ulation entails people writing about their core personal values
and then elaborating on why those values are important to
them. Self-affirmation can help people cope with various
stresses and life’s difficulties (G. L. Cohen & Sherman,
2014; Koole, Smeets, Van Knippenberg, & Dijksterhuis,

1999; McQueen & Klein, 2006; Sherman, 2013; Sherman &
Hartson, 2010). Relevant to our current study, self-affirmation
can endow people with more cognitive resources in problem-
solving and decision-making (DeWall, Baumeister, Mead, &
Vohs, 2011; Wang, Novemsky, Dhar, & Baumeister, 2010).
For instance, Cascio et al. (2016) showed that self-affirmation
successfully helps participants counteract depletion of their
cognitive resources caused by a heightened cognitive load.
Gu et al. (2016) demonstrated that self-affirmation enables
more cognitive resources during the processing of outcome
in social decision-making, as reflected by greater ERP signals.

The present study

Based on the aforementioned review of previous studies,
we proposed that self-affirmation may be beneficial for
uncertainty processing in decision-making by providing
more cognitive resources, which may manifest on the
ERP associated with outcome processing. To test this
hypothesis, we had participants complete a simple gam-
bling task with electroencephalogram (EEG) recording,
for each trial of which participants made a choice
between two options and immediately received positive,
negative, or ambiguous (uncertain) feedback (Gehring &
Willoughby, 2002; Gu, Ge, Jiang, & Luo, 2010). We
focused on two ERP components elicited by outcome
feedback: the feedback-related negativity (FRN) and P3,
which are the most important ERP indexes of outcome
processing (see San Martín, 2012, for a review). The
FRN peaks at approximately 200–300 ms post-onset of
an event (Gehring & Willoughby, 2002; Miltner, Braun,
& Coles, 1997). This fronto-central negativity is larger
following erroneous/negative events than correct/positive
events (Cohen, Wilmes, & van de Vijver, 2011;
Nieuwenhuis, Yeung, Holroyd, Schurger, & Cohen,
2004). The P3 component is a centro-parietal positivity
that reaches its peak at approximately 300–600 ms
(Kutas, McCarthy, & Donchin, 1977; Sutton, Braren,
Zubin, & John, 1965). Although cognitive functions of
the FRN and P3 are still under debate (Goyer, Woldorff,
& Huettel, 2008; San Martín, 2012), researchers agree
that the FRN and P3 reflect the early and late stages of
outcome evaluation, respectively (Yeung & Sanfey,
2004). Specifically, while the FRN represents a quick,
coarse, bottom-up detection of the value of an outcome,
the P3 reflects a deliberate, comprehensive, top-down
evaluation of outcome information (Philiastides, Biele,
Vavatzanidis, Kazzer, & Heekeren, 2010; Wu & Zhou,
2009; Zhang et al., 2014). Both the FRN and P3 have
been shown to be sensitive to the amount of cognitive
resources. For instance, a smaller FRN has been ob-
served when additional cognitive load disturbs partici-
pants’ attention to outcome feedback (Krigolson,
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Hassall, Satel, & Klein, 2015; Krigolson, Heinekey,
Kent, & Handy, 2012). Similarly, a larger P3 component
has been observed when increased cognitive resources
are available (Kok, 1997; Polezzi, Sartori, Rumiati,
Vidotto, & Daum, 2010; Polich, 2007; Utku, Erzengin,
Cakmak, & Karakas, 2002).

We conducted the current study in China. Our previous
studies have demonstrated that familial self-affirmation
rather than individual self-affirmation is effective for
Chinese participants (Cai, Sedikides, & Jiang, 2013; Gu
et al., 2016). Hence, we asked half of the participants to
affirm their familial self by choosing a value that is im-
portant for both themselves as well as for their family, and
explain why that value is important (affirmation group).
For the remaining half of the participants, we instructed
them to select their least important value for both them-
selves and their family, and similarly explain why that
value is unimportant to them (control group). Following
the self-affirmation or control manipulation, we had all
participants complete a simple gambling task, during
which we recorded the ERP signals elicited by outcome
presentation. We expected that self-affirmation would mo-
bilize more cognitive resources to process feedback as
indicated by an enlarged FRN or P3, or both. More spe-
cifically, we expected that when facing ambiguous feed-
back that requires additional cognitive resources, the ef-
fect of increased cognitive resources would manifest on at
least one of two ERP indexes; when the feedback was
certain and feedback processing entailed only minimum
cognitive resources, however, increase cognitive resources
might or might not make a difference on the ERPs.

Methods

Participants

We recruited 50 Chinese college students online to participate
in the experiment. They were from universities located near
the Institute of Psychology Chinese Academy of Sciences,
such as Beijing Forestry University and China Agricultural
University. We determined the sample size based on two con-
siderations: (1) How many participants were usually involved
in previous between-group ERP studies (e.g., Li et al., 2015;
Pintzinger, Pfabigan, Pfau, Kryspin-Exner, & Lamm, 2017;
Webb et al., 2017), and (2) how many participants are needed
to ensure 80% statistical power to detect a small-to-medium
effect size (Vazire, 2016). Accordingly, we invited 50 college
students to participate in the experiment. Two students de-
clined our invitation, which resulted in a final sample of 48
participants.

We randomly assigned half of the students to the familial
self-affirmation group (twelve females) and the other half to

the control group (nine females). An independent-samples t
test revealed that the participants in the two groups did not
differ in age (affirmation condition: 23.46 ± 2.13 [mean ±
standard deviation, hereinafter the same] years, control condi-
tion: 24.29 ± 2.60 years; t(46) = 1.22, p = .230).

All participants were free of regular use of any substance
that might influence the central nervous system. All partici-
pants denied a history of neurological and psychiatric disor-
ders. In addition, all had normal vision (with correction) and
were right-handed according to their self-report. Everyone
provided written informed consent prior to the experiment.
The Institutional Review Board (IRB) in the Institute of
Psychology Chinese Academy of Sciences approved the ex-
perimental protocol.

Procedure

The self-affirmation procedure was derived from Cai et al.
(2013). In the self-affirmation group, participants were re-
quired to choose one value that they and their family cherished
most from among four domains, including financial wealth,
social network, art/creativity, and knowledge. Then they were
asked to record the reason why their chosen value was impor-
tant to them and their family (no less than 150 words). Finally,
we required the participants to describe an experience in
which they realized how important this value was to them
and their family (no less than 150 words). In the control group,
participants chose a value that was least important to them-
selves and their family, recorded why this value was least
important, and described an experience via which they real-
ized that this value was least important. Doing this could make
participants direct attention away from themselves, thus
forming a better contrast to the experimental condition in
which self was the focus.

After the affirmation manipulation, participants in both
groups were instructed on the rules of a two-option forced-
choice gambling task (see Fig. 1), which reliably elicits the
ERP components FRN and P3 (San Martín, 2012; Yeung &
Sanfey, 2004). We informed participants of the meaning of
symbols in the task. They were encouraged to respond in a
way that would maximize the total score, which would then
determine their bonus money at the end of the experiment. All
participants acquired familiarity with the task through 12 prac-
tice trials.

Stimulus display and behavioral data acquisition were con-
ducted using E-Prime software (Version 2.0, Psychology
Software Tools, Inc., Sharpsburg, PA, USA). During the task,
participants sat comfortably in an electrically-shielded room
approximately 80 cm from a 17-in. CRT computer monitor
(refresh rate: 85 Hz; resolution: 1,024 × 768 pixels). Each trial
began with the presentation of a central fixation point (white
against a black background). After 1,200 ms, two white rect-
angles (2.5° × 2.5°) appeared on either side of the fixation
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point, in either of which the number B9^ or B99^ was individ-
ually presented. According to classical decision-making theo-
ries (e.g., Fox, Erner, & Walters, 2016), the option B9^ repre-
sents a low-risk and low-return option, whereas the option
B99^ represents a high-risk and high-return option. The posi-
tions of these two options were counterbalanced across trials.
Participants had 4,000 ms to make a decision between two
options by pressing the BF^ or BJ^ keys on the keyboard with
their left or right index finger, respectively. The selected op-
tion was highlighted by a thick red outline for 500 ms. Then
the numbers disappeared for a short interval of random dura-
tion between 800 and 1,200 ms. Finally, the valence of out-
come feedback was presented in the chosen rectangle for
1,000 ms. The formal task consisted of three blocks of 160
trials each. Participants rested during the interval of two
blocks for approximately 3 min.

There were three kinds of possible feedback valence:
B+^, B−^, and B*^. The B+^ symbol (positive feedback)
indicated that participants accrued as many points as they
chose in this trial, while the B−^ symbol (negative feed-
back) indicated the reverse. The B*^ symbol denoted am-
biguous (uninformative) feedback, of which the actual va-
lence might be positive or negative. One of our previous
studies has shown that ambiguous feedback elicits differ-
ent subjective experiences compared to neutral feedback
(i.e., zero; see Gu, Ge, et al., 2010). Unbeknown to par-
ticipants, outcome feedback was provided according to a
pre-determined pseudorandom sequence, and all partici-
pants received exactly 160 outcomes of each type of va-
lence. At the end of the task, participants were informed
of the total score that they had earned, and then were paid
60–80 Chinese yuan for their participation.

Electrophysiological recording and preprocessing

The electroencephalogram (EEG) was recorded from 64 scalp
sites using tin electrodes mounted in an elastic cap
(NeuroScan Inc.) with an online reference to the left mastoid
and off-line algebraic re-reference to the average of the left
and right mastoids. An electro-oculogram (EOG) was record-
ed for the purpose of artifact correction. Horizontal EOG
(HEOG) was recorded from electrodes placed at the outer
canthi of both eyes. Vertical EOG (VEOG) was recorded from
electrodes placed above and below the left eye. All inter-

electrode impedance was maintained at < 5 kΩ. EEG and
EOG signals were amplified with a 0.05–100 Hz online
band-pass filter and continuously sampled at 500 Hz/channel.

During the offline analysis, we removed the ocular ar-
tifacts from the EEG signal using a regression procedure
implemented with Neuroscan software (Semlitsch,
Anderer, Schuster & Presslich, 1986). After 0.05–30 Hz
band-pass digital filtering through a zero phase shift, the
EEG data were segmented into epochs time-locked to the
onset of outcome feedback. Separate EEG epochs of 1,000 ms
were baseline-corrected by subtracting from each sample the
average activity of that channel during the -200- to 0-ms base-
line period. Finally, any trial in which EEG voltages exceeded
a threshold of ± 100 μV during the recording epoch was
excluded from further analysis.

After the data preprocessing described above, the trials that
survivedwere determined as being artifact-free (B+9^: 76.94 ±
29.40 trials; B+99^: 76.10 ± 28.42 trials; B-9^: 75.60 ± 28.08
trials; B-99^: 75.44 ± 28.18 trials; B*9^: 72.08 ± 27.74 trials;
B*99^: 73.96 ± 26.75 trials). According to the literature, the
remaining trials were enough to obtain a reliable FRN as well
as P3 with a high signal-to-noise ratio (J. Cohen & Polich,
1997; Marco-Pallares, Cucurell, Munte, Strien, &
Rodriguez-Fornells, 2011).

Data analysis

Basically, there are two ways to calculate the FRN amplitude:
using the grand-averaged waveforms, or creating a difference
wave between winning and losing trials (Holroyd &
Krigolson, 2007; Wu & Zhou, 2009). We chose the latter
one for two reasons. First, the difference wave approach can
remove common underlying components that are insensitive
to the win/loss manipulation (Bress, Smith, Foti, Klein, &
Hajcak, 2012) and at the same time minimize potential over-
laps between the FRN and other ERP components, particular-
ly the P3 (Hajcak, Moser, Holroyd, & Simons, 2007; Holroyd
& Krigolson, 2007). Second, we have successfully used the
difference approach in relevant studies (e.g., Gu et al., 2016;
Zhu, Gu, Wu, & Luo, 2015; Zhu et al., 2018). Thus, we cre-
ated Bnegative-positive^ and Bambiguous-positive^ difference
waves by subtracting the ERPs on positive outcome trials
from the ERPs on negative and ambiguous outcome trials,
respectively.

Fig. 1 (a) The self-affirmation manipulation stage, which was administered with paper and pen. (b) An example trial in the gambling task stage, which
was administered via a computer. RT response time
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The FRN has been reported to be maximal in the
fronto-central area of the scalp (Holroyd & Krigolson,
2007; Oliveira, McDonald, & Goodman, 2007), whereas
the P3 associated with feedback processing appears to be
maximal in the centro-parietal area (Lust & Bartholow,
2009; Nieuwenhuis, Aston-Jones, & Cohen, 2005). In
this study, the FRN amplitude was calculated as the
mean value within the 220- to 320-ms window following
the outcome feedback presentation across three midline
electrodes (Fz, FCz, Cz) in the frontocentral-central re-
gion. The P3 amplitude was similarly calculated within
the 300- to 450-ms window across three midline elec-
trodes (Cz, CPz, Pz) in the centro-parietal region (see
also Gu, Wu, Jiang, & Luo, 2011). Since collapsing the
data across electrode sites helps simplify the statistical
models and increase the signal-to-noise ratio (Luck &
Gaspelin, 2017), the arithmetical means of these elec-
trodes were calculated. The time windows were selected
through visual inspection of grand-averaged waveforms
(see Figs. 2 and 3).

Regarding the statistical analyses on the FRN and P3
amplitudes, two within-subject factors (i.e., outcome va-
lence and magnitude) and one between-subject factor (i.e.,
self-affirmation manipulation) were taken into account.
For all analyses, the significance level was set at .05.
Greenhouse–Geisser corrections were applied when ap-
propriate. Significant interactions were analyzed using
simple-effects models. Partial eta squared (η2p ) values

were reported to examine the size of effects in the models
of analysis of variance (ANOVA), where .05 represented a

small effect, .1 represented a medium effect, and .2 rep-
resented a large effect (J. Cohen, 1973). Only significant
results were reported for the sake of brevity.

Results

Behavioral results

Participants in the affirmation group did not significantly dif-
fer from those in the control group in either the ratio of making
high-risk choices (49.07 ± 17.55% vs. 49.96 ± 16.82%, t(46)
= 0.18, p = .859) or the reaction time (affirmation group:
581.02 ± 128.58 ms, control group: 649.65 ± 265.67 ms,
t(46) = 1.14, p = .261). These results suggested that affirma-
tion did not influence behavioral performance. See Online
Supplementary Material (Part A) for further analysis on be-
havioral data.

ERP results

FRN amplitude A three-way Self-affirmation (affirmation
vs. control) × Outcome Valence (negative-positive vs. am-
biguous-positive) × Outcome Magnitude (small vs. large)
ANOVA test revealed a significant main effect of Valence
(F(1, 46) = 24.96, p < .001, η2p = .35); the FRN was larger

following ambiguous feedback (-2.03 ± 1.19 μV) than
after negative feedback (-1.39 ± 1.24 μV) (see also Gu,
Huang, & Luo, 2010). Here, a smaller amplitude value
denotes a larger FRN because the FRN is a negative-

Fig. 2 (a) Grand-average event-related potentials (ERPs) elicited by
outcome feedback at the Fz recording site, where the FRN difference
wave reached its maximum. (b) Difference waves created by
subtracting the ERPs in the positive condition from those in the
negative condition and ambiguous condition, respectively. The time

point B0^ indicates outcome presentation onset. The gray-shaded areas
indicate the 220- to 320-ms time window for the calculation of the mean
value of the FRN difference wave. The electrodes used in data analysis on
the FRN were Fz, FCz, and Cz
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going component. The main effect of Magnitude was also
significant (F(1, 46) = 8.45, p = .006, η2p = .16); the FRN

was larger in response to large feedback (-1.99 ± 1.28
μV) compared with small feedback (-1.43 ± 1.34 μV).
The main effect of Self-affirmation was not significant
(F(1, 46) = 1.14, p = .292, η2p = .024).

Most interestingly, the Self-affirmation × Valence interac-
tion was significant (F(1, 46) = 8.56, p = .005, η2p = .16); the

FRN following ambiguous feedback was larger than that fol-
lowing negative feedback (-2.37 ± 1.20 μV vs. -1.37 ± 1.30
μV; p < .001) in the affirmation group, but this was not the
case in the control group (-1.68 ± 1.14μV vs. -1.41 ± 1.19μV;
p = .150). Alternatively, the FRN was larger in the affirmation
group than in the control group following ambiguous feed-
back (p = .030), while there was no between-group difference
following negative feedback (p = .903) (see Fig. 2).

The Self-affirmation × Magnitude interaction was not signif-
icant (F(1, 46) = 2.89, p = .096, η2p = .06). The Valence ×

Magnitude interaction was significant (F(1, 46) = 5.20, p =
.027, η2p = .10); the difference between negative and ambiguous

feedback was much larger in the small magnitude condition (-
0.98 ± μV vs. -1.81 ± μV; p < .001) compared to the large
magnitude condition (-1.87 ± μV vs. -2.18 ± μV; p = .035).
Finally, the Self-affirmation × Valence × Magnitude interaction
was not significant (F(1, 46) = 0.80, p = .377, η2p = .02).

P3 amplitude A three-way Self-affirmation (affirmation vs.
control) × Outcome Valence (positive vs. negative vs. am-
biguous) × Outcome Magnitude (small vs. large) ANOVA
test was conducted (see Fig. 3). The main effect of Valence
was significant (F(2, 92) = 8.43, p = 0.001, η2p = .16); the

P3 was larger in response to positive feedback (14.21 ±
5.42 μV) than in response to negative feedback (12.45 ±
5.28 μV; p < .001) or ambiguous feedback (12.93 ± 5.84
μV; p = .013), while negative and ambiguous feedback
made no significant difference (p = .300). The main effect
of Magnitude was also significant (F(1, 46) = 123.41, p <
.001, η2p = .73); the P3 was larger in response to large

feedback (15.79 ± 6.22 μV) than to small feedback
(10.61 ± 4.67 μV). The main effect of Self-affirmation
was not significant (F(1, 46) = 0.83, p = .366, η2p = .02).

Neither the Self-affirmation × Valence interaction (F(1, 46)
= 0.28, p = .733, η2p = .01), nor the Self-affirmation ×

Magnitude interaction (F(1, 46) < 0.01, p = .976, η2p < .01),

nor the Valence × Magnitude interaction (F(1, 46) = 0.87, p =
.407, η2p = .02), nor the Self-affirmation × Valence ×

Magnitude interaction (F(1, 46) = 1.04, p = .348, η2p = .02)

was significant.
Finally, regarding the latencies of the FRN and P3, please

see Online Supplementary Material (Part C).

Discussion

Uncertainty is intolerable. In this paper, we proposed that self-
affirmation can help people cope with uncertainty by retriev-
ing more cognitive resources. To test this possibility, we
employed a risk decision-making task involving both uncer-
tain or ambiguous outcome feedback, and used two ERP com-
ponents, including the FRN and P3, to reflect the cognitive
resources allocated to the early and late stages of outcome
processing, respectively. We did not find any significant

Fig. 3 Grand-average event-related potentials (ERPs) elicited by
outcome feedback at the CPz recording site, where the P3 component
reached its maximum. The time point B0^ indicates outcome presentation

onset. The gray-shaded areas indicate the 300- to 450-ms time window
for the calculation of the mean value of the P3 amplitude. The electrodes
used in data analysis on the P3 were Cz, CPz, and Pz
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influence of self-affirmation on behavioral response, which is
not rare when the feedback probability was controlled (Gu,
Ge, et al., 2010; Gu, Huang, et al., 2010). However, we rep-
licated the main findings of past ERP studies on decision-
making: first, the FRN showed similar amplitude in response
to ambiguous and negative feedback in the control group
(Becker, Nitsch, Miltner, & Straube, 2014; Gu et al., 2017;
Holroyd, Hajcak, & Larsen, 2006); second, the P3 is larger in
response to large magnitude feedback over small and to pos-
itive feedback compared to negative and ambiguous feedback
(Gu, Ge, et al., 2010; Gu, Lei, et al., 2011). These findings
suggest that using the gambling task with EEG recording was
successful. Importantly, we obtained supportive evidence for
our hypothesis: self-affirmation exerted pronounced influence
on the FRN when the feedback was ambiguous, though its
effect in other conditions was not significant. These findings
suggest that self-affirmation can mobilize more cognitive re-
sources at the early stage of uncertain feedback processing.

Legault, Al-Khindi, and Inzlicht (2012) conducted the
first ERP study on self-affirmation by examining how
self-affirmation affects the ERPs in response to incorrect
reactions during a Go–No-go task. They found that self-
affirmation enlarged the error-related negativity (ERN)
peaking at approximately 100 ms, which further explains
the resultant improvement in behavioral performance. The
ERN is a response-locked ERP component elicited by
erroneous behavioral responses. The ERN and FRN are
similar in morphology, scalp topography, and latency
(Nieuwenhuis et al., 2004), and therefore are considered
as manifestations of the same cognitive and neural pro-
cesses (for reviews, see Holroyd & Coles, 2002; Simons,
2010). In line with the ERN finding from Legault et al.
(2012), the current study found that self-affirmation af-
fects the early stage of feedback processing. Inconsistent
with Legault et al., however, we found that self-
affirmation makes a difference in the ambiguous but not
negative condition. Following a prevailing explanation in
behavioral studies (e.g.,Cai et al., 2013), Legault et al.
suggested that the enlarged ERN reflects the utility of
self-affirmation in promoting openness to an unfavorable
outcome. This account of openness, however, might not
be applicable in our case. Otherwise, we should have also
observed an enlarged FRN among those affirmed partici-
pants when negative feedback was given in our study. In
one of our previous studies (Gu et al., 2016), we proposed
that increased cognitive resources explain the effect of
self-affirmation on the processing of unfair offers in a
social decision-making situation. That is, self-affirmation
endows more cognitive resources in evaluating an unfa-
vorable outcome, which manifests on the ERPs elicited by
outcome feedback. With this account, findings in both the
study of Legault et al. (2012) and our study can be ex-
plained parsimoniously. That is, both the enlarged ERN

and FRN reflect increased availability of cognitive re-
sources enabled by self-affirmation manipulation.

The above interpretations assume that performance moni-
toring and processing error response in a Go–No-go task and
ambiguous feedback in a gambling task demand more cogni-
tive resources compared with externally provided negative
feedback. This is possible given the following facts. First,
compared with monitoring external feedback valence in gam-
bling, monitoring the internal error response in a Go–No-go
task requires participants to assess whether the response is
correct or not, which should demand additional cognitive re-
sources. Second, ambiguous feedback is not only aversive,
making it similar to negative feedback (Holroyd et al.,
2006), but also uncertain, thus demanding more cognitive
resources to be processed (Bland & Schaefer, 2012; Gibbons
et al., 2016). In summary, the cognitive resources account
provides a reasonable interpretation for our findings. It, how-
ever, does not suggest that the openness account is wrong.
Instead, it is possible that what underlies increased openness
is increased cognitive resources.

The current findings deepen the understanding of the na-
ture of ambiguous feedback and negative feedback by
pinpointing both the similarity and dissimilarity between
them. Previous studies have shown that the FRN elicited by
ambiguous feedback is similar to that elicited by negative
feedback (Hajcak, Moser, Holroyd, & Simons, 2006), sug-
gesting that they both are negative in nature. We replicated
this finding by showing that ambiguous and negative feed-
back made no difference in the FRN among unaffirmed par-
ticipants. Of most interest, we show that ambiguous feedback
elicited a significantly larger FRN than negative feedback
among affirmed participants. These findings suggest that al-
though both kinds of feedback are negative, ambiguous feed-
back entails more cognitive resources to be effectively
processed.

Nevertheless, one might suggest that our findings can also
be interpreted according to the classic Bprediction error^ ac-
count of the FRN (Hajcak et al., 2007; Oliveira et al., 2007).
This account assumes that self-affirmation may heighten the
expectation of a certain and positive outcome and, conse-
quently, exaggerate the violation aversion caused by uncertain
(ambiguous) or negative feedback. In this case, FRN serves as
an indicator of prediction error or violation aversion. We dis-
agree with this interpretation for our FRN results for two rea-
sons. First, this interpretation contradicts the account that self-
affirmation can enhance positive feelings and openness (rather
than aversion) in response to negative feedback (Legault et al.,
2012; Sherman & Cohen, 2006). Second, this interpretation
could not explain why ambiguous feedback elicited a larger
FRN than did a negative one.

One might also suggest that an enlarged FRN reflects an
enhanced capability of performance monitoring rather than
cognitive resources given the established association between
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the FRN and performance monitoring (Gentsch, Grandjean, &
Scherer, 2013; Oliveira et al., 2007; Pfabigan et al., 2015). We
agree with this possibility, but do not think that the perfor-
mance monitoring and cognitive resource accounts conflict
with each other. Actually, increased cognitive resources might
provide an explanation for the enhanced capability of perfor-
mance monitoring because performance monitoring con-
sumes cognitive resources (e.g., Johns, Inzlicht, &
Schmader, 2008). That is, self-affirmation provides partici-
pants with more cognitive resources, which may further
heighten the capability of performance monitoring.

Some researchers may have expected that self-
affirmation produces a significant influence on both the
FRN and the P3. We found, however, that self-affirmation
selectively affects the FRN but not the P3. In a similar
prior study (Gu et al., 2016), we examined how self-
affirmation influences the FRN and P3 elicited by unfair
feedback in a social decision-making task, and found that
self-affirmation selectively influences the P3 but not the
FRN. In both studies, we assumed that the FRN and P3
are indexes of cognitive resources that participants invest
in outcome processing. From our perspective, findings
from these two studies suggest that self-affirmation can
increase the availability of cognitive resources momentar-
ily on the one hand; on the other hand, the specific stage
(early or late) of outcome processing modulated by self-
affirmation may vary with task features (e.g., social or
non-social decision-making) and situations (e.g., involv-
ing others or not). More studies with a sophisticated de-
sign, however, are needed to understand this possibility.

In brief, we gathered preliminary evidence for the use
of self-affirmation in facilitating uncertainty processing.
Nevertheless, our study is limited in several ways. First,
we only examined one kind of uncertainty situation, that
is, ambiguous feedback in a gambling task. Uncertainty
manifests in many situations and tasks (Bach & Dolan,
2012). Future studies may examine, for example, whether
self-affirmation would also modulate uncertainty process-
ing during social decision-making. Second, self-
affirmation can be operationalized in diverse ways
(McQueen & Klein, 2006; Sherman & Cohen, 2006),
but we have only examined a single paradigm of self-
affirmation, that is, value affirmation. Follow-up studies
with other affirmation paradigms are needed. Third, com-
pared with behavioral studies, the sample we used is rel-
atively small. Future replications may use larger samples.
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