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Abstract

The relationships between self-efficacy (SE), i.e., beliefs in personal capabilities, and behavioral and neuroelectric (i.e., ERN, Pe) indices of
action monitoring were investigated in 40 older adults (13 male) during the completion of a flanker paradigm performed under task conditions
emphasizing either accuracy or speed. SE relative to task performance during both conditions was assessed prior to each cognitive task. Results
indicated that high-SE older adults exhibited larger ERN and Pe amplitudes compared to low-SE older adults under the accuracy instruction
condition. Additionally, a moderating effect of SE on the relationship between ERN and post-error response accuracy was revealed in the
accuracy condition, with greater ERN amplitude associated with greater post-error accuracy in the high-SE group. No significant relationships
were evident between ERN and post-error accuracy in the low-SE group. Further, no significant relationships involving SE were observed in
the speed condition. The findings suggest that SE may be related to neuroelectric and behavioral indices of action monitoring in older adults

when task demands require greater attention to action monitoring processes.
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1. Introduction

A considerable literature details the various aspects of cog-
nitive decline associated with advancing age. For example,
older adults exhibit deficits in performance (i.e., reaction time
[RT], response accuracy) across a variety of tasks involving
attention, cognition, and memory (Milham et al., 2001; Park
et al., 2002, 1996; Polich, 1996; Salthouse, 1996; Wecker
et al., 2000; Wickens et al., 1987). These age-related decre-
ments in performance are disproportionately larger for tasks
or task components that involve greater amounts of executive
control (DiGirolamo et al., 2001; Kramer et al., 1999, 1994)
and are markedly reduced on tasks or task components that
place smaller demands on the executive system (West, 1996).
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1.1. Executive control

Executive control refers to a subset of processes asso-
ciated with the selection, scheduling, and coordination of
computational processes that are responsible for perception,
memory, and action (Meyer and Kieras, 1997; Norman and
Shallice, 1986). However, executive control processes are not
unitary. Researchers have suggested that there are at least two
functionally linked but dissociable systems of executive con-
trol, termed evaluative and regulative (see Botvinick et al.,
2001, for review). The evaluative system of executive control
monitors conflict during information processing events, and
signals the occurrence of conflict to centers responsible for
providing compensatory, flexible adjustments of top-down
control necessary for successful online adaptations to task
demands (Botvinick et al., 2001). Neuroimaging research
has suggested that the anterior cingulate cortex (ACC) is
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involved in the evaluative system by indicating when adjust-
ments in control are warranted (MacDonald et al., 2000).
The regulative system exerts top-down control during ongo-
ing information processing. That is, flexible adjustments in
support are provided for task-relevant interactions within the
stimulus environment, and available evidence indicates that
this support is likely provided by the dorsolateral prefrontal
cortex during tasks requiring inhibitory control (MacDonald
et al., 2000).

Inhibitory control is one important aspect of executive
control that is influenced by aging (Hasher and Zachs, 1988).
Inefficient inhibition results in inefficient selective attention
and the intrusion of task-irrelevant information during task
completion (Hasher and Zachs, 1988; Kramer et al., 1994).
The introduction of task-irrelevant information can lead to
both increased processing time and deficits in performance.
This view has been substantiated by research documenting
deficits in older adults across behavioral (Kramer et al., 1994)
and event-related brain potential (ERPs; Hillman et al., 2004)
measures.

A paradigm that manipulates inhibitory control require-
ments is the Eriksen flanker task (Eriksen and Eriksen, 1974).
This task requires participants to respond to target stimuli that
are flanked by an array of other stimuli, which have different
responses associated with them. Differences in task perfor-
mance are observed when the flanking stimuli are congruent
or incongruent with the target stimulus. Incongruent trials
require greater amounts of inhibitory control and result in task
performance deficits including longer RT and reduced accu-
racy due to the activation of the incorrect response elicited by
the flanking stimuli, which competes with the activation of
the correct response elicited by target stimuli (Spencer and
Coles, 1999).

1.2. Self-efficacy (SE)

Given that advancing age has been associated with both
behavioral and cognitive impairments, the identification of
modifiable lifestyle, psychological, or environmental fac-
tors associated with the preservation of executive control
in older individuals is of importance for maintaining cog-
nitive health and effective functioning. One psychosocial
factor that has been associated with cognitive health and
functioning during older adulthood is self-efficacy (Albert
et al., 1995; Artistico et al., 2003; Berkman et al., 1993;
Berry and West, 1993; Lachman and Jelalian, 1984; Seeman
et al., 1996). SE expectations reflect individuals’ beliefs in
their capabilities to successfully complete courses of action
(Bandura, 1977) and are theorized to influence task choice,
effort expenditure, and perseverance under aversive stimuli
and failure (Bandura, 1986). Epidemiological research has
indicated that high-functioning older adults are more likely
to have higher levels of SE compared to normal or impaired
functioning adults (Berkman et al., 1993). Further, SE has
been positively associated with the maintenance of cognitive
function over a 2-year period in older adults (Albert et al.,

1995), as well as being indirectly associated with cognitive
performance (Berry and West, 1993; Lachman and Jelalian,
1984). Finally, SE expectations appear to play a particularly
important role in self-regulatory adjustments and achieve-
ment during the completion of challenging tasks (Bandura
and Cervone, 1983; Cervone and Peake, 1986).

1.3. Action monitoring indices

1.3.1. Error-related negativity (ERN)

To date, only behavioral measures have been used to study
SE benefits on cognitive function in older adults; combin-
ing behavioral and neuroelectric measures may provide for a
better understanding of this relationship. Neuroelectric activ-
ity occurs continuously during the completion of cognitive
tasks and ongoing neuroelectric measurement would pro-
vide a more sensitive assessment of changes in cognitive
processing related to SE, which may not be manifest at a
discrete, behavioral level. One ongoing cognitive process
measured both behaviorally and neuroelectrically is action
monitoring. Action monitoring is generally believed to be a
cognitive learning mechanism used to correct an individual’s
error responses during subsequent environmental interaction
(Themanson and Hillman, 2006), and may be indexed by mul-
tiple neuroelectric components. One such component is the
error-related negativity (ERN; Gehring et al., 1993; or Ne;
Falkenstein et al., 1991). The ERN is a negative-going wave-
form observed in response-locked ERP averages on trials in
which conflict is present, such as when an error in respond-
ing has occurred. The ERN peaks shortly after behavioral
responses and is maximal over fronto-central recording sites
(Falkenstein et al., 1991; Gehring et al., 1993). The source
of the ERN has been localized at or very near the caudal
region of the ACC using multiple neuroimaging techniques;
including dipole localization (Dehaene et al., 1994; van Veen
and Carter, 2002), functional magnetic resonance imaging
(Carter et al., 1998), and magneto-encephalography (Miltner
etal., 2003). The ERN has been theorized to reflect the detec-
tion of response conflict (Botvinick et al., 2001; Carter et
al., 1998; Yeung et al., 2004) or the transmission of a rein-
forcement learning signal to the ACC (Holroyd and Coles,
2002).

Consistent with the functional interaction evidenced
between dissociable systems (Botvinick et al., 2001) and
structures (Gehring and Knight, 2000) associated with cog-
nitive control, the ERN has been observed to be largest in
situations where the recruitment of additional top-down con-
trol is required for adaptive task performance (Botvinick et
al., 2001; Falkenstein et al., 1991; Scheffers et al., 1996;
Yeung et al., 2004). For example, increased ERN magnitude
predicts changes in behavior that suggest increased recruit-
ment and implementation of executive control on subsequent
trials, including response slowing and increased accuracy
following errors (Gehring et al., 1993). Moreover, ACC acti-
vation during task conditions that elicit response conflict
predicts recruitment of additional prefrontal neural structures
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believed to be crucial for the implementation of control on
subsequent trials (Kerns et al., 2004).

ERN amplitude has been found to be smaller for older,
compared to younger, adults and this difference is believed
to reflect age-related degradation of the action monitor-
ing system (Band and Kok, 2000; Falkenstein et al., 2001;
Nieuwenhuis et al., 2002; Themanson et al., 2006). Moreover,
researchers have shown increased ERN amplitude when task
instructions stress accuracy over speed (Falkenstein et al.,
1990, 2000; Gehring et al., 1993; Yeung et al., 2004). One
interpretation of these findings is that the monitoring (i.e.,
evaluative) system flexibly adjusts according to task con-
straints. During tasks in which instructions stress accuracy
over speed, the monitoring system is more sensitive due to
the increased salience of the error in the accuracy condition
(Gehring et al., 1993). An alternative explanation would sug-
gest that this pattern of findings is due to greater attentional
focus in the accuracy condition compared to the speed condi-
tion (Yeung et al., 2004). However, both of these explanations
posit that changes in information processing under accuracy
instructions result in increased ERN amplitude.

1.3.2. Error positivity (Pe)

A second ERP component related to action monitoring
processes is the error positivity (Pe; Falkenstein et al., 1990,
2000). The Pe is a positive-going component observed in
response-locked ERP averages of incorrect responses, which
is thought to be generated in the rostral region of the ACC
(van Veen and Carter, 2002). It peaks after the ERN (about
300 ms following an error response) and is maximal over
centro-parietal recording sites. The Pe has been described as
a post-response evaluation of an error (Davies et al., 2001;
Falkenstein et al., 1990), an emotional (subjective) reac-
tion to the commission of an error (Falkenstein et al., 2000;
van Veen and Carter, 2002), or the allocation of attentional
resources toward an error; similar to the allocation of attention
reflected in the P3-ERP component during stimulus process-
ing (Mathewson et al., 2005). As with the ERN component,
Pe amplitude is reduced in older adults compared to younger
adults, suggesting a deficiency in action monitoring processes
for older individuals (Band and Kok, 2000). Finally, although
both the ERN and Pe are smaller in older individuals and
both are associated with neural processes in the ACC; the
two components are believed to be independent of each other
(Herrmann et al., 2004).

1.4. Hypotheses

Given the relationship between SE and behavioral per-
formance in older adults, and the association between ERP
indices of action monitoring with post-error behavioral
adjustments, the present study was designed to examine the
association between SE and neuroelectric (i.e., ERN, Pe)
and behavioral concomitants of action monitoring in older
adults. With respect to task performance, it was expected
that high-SE participants would respond more accurately

in the accuracy condition and more quickly in the speed
condition. Further, group differences in performance were
predicted to be greater for incongruent, compared to con-
gruent, trials of the flanker task, suggesting a stronger
relationship between SE and performance during condi-
tions requiring greater amounts of executive control and
thereby present greater challenge to the individual. Follow-
ing errors, it was predicted that the relationship between SE
and behavioral measures would be stronger in the accuracy
condition, with both greater response slowing and response
accuracy for high-SE participants, providing additional sup-
port for increased top-down control among more efficacious
individuals.

With respect to neuroelectic indices of action monitor-
ing processes, it was predicted that high-SE participants
would exhibit increased ERN and Pe amplitudes compared
to low-SE participants in the accuracy condition, but not the
speed condition, suggesting greater levels of self-regulatory
action monitoring for more efficacious people when task
instructions emphasized the salience of errors (Gehring et
al., 1993). That is, increased top-down control in high-SE
individuals might significantly heighten neural and behav-
ioral adjustments following error commission to improve
subsequent task performance. These adjustments would be
reflected in increased ERN and Pe amplitudes as well as
increased response accuracy and slowing of responses follow
errors. Finally, the moderating effect of SE on the relation-
ships between ERN, Pe, and task performance was examined
to more specifically assess the associations between action
monitoring processes and task performance in older adults.

2. Method
2.1. Participants

Older adults (60-73 years; M=65.8, S.D.=3.6) were
recruited from a larger ongoing study at the University of I1li-
nois to participate in this investigation. In total, 59 individuals
consented to participate and all individuals reported being
free of adverse health conditions, neurological disorders, any
medications that influence central nervous system function,
and had normal (or corrected to normal) vision based on the
minimal 20/20 standard. Nineteen participants were excluded
from the current analyses because they did not commit a suf-
ficient number of errors (<5 errors) or they did not perform
above chance levels (50% correct) in both instruction con-
ditions of the flanker task; thus analyses were performed on
40 participants (13 males). These participants did not differ
significantly from the initial sample in age, IQ, or years of
education, ’s(57) < 1.3, p > .20.

2.2. Task

Participants completed congruent and incongruent condi-
tions of a modified Eriksen flanker task (Eriksen and Eriksen,
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1974). In this task, participants were presented with an array
of five arrows (««<, »»>, «>«, or »<») and were instructed to
respond with a button-press to the direction of the centrally-
placed target arrow. Thus, when the target arrow pointed to
the left (i.e., “<”), a left thumb response was required, and
when the target arrow pointed to the right (i.e., “>”), a right
thumb response was required. The congruent condition had
the target arrow and flanking arrows point in the same direc-
tion (i.e., ««< or »»>), and the incongruent condition had
the target arrow and flanking arrows point in opposing direc-
tions (i.e., «>« or »<»). The arrow arrays were presented
focally on a computer monitor from a distance of 1 m and each
array of five arrows subtended 13.5° of the horizontal visual
angle and 3.4° of the vertical visual angle when presented on
the computer screen. The two congruency conditions were
equiprobable and randomly ordered, with stimuli consisting
of white symbols presented on a black background. Partici-
pants completed two task blocks containing 256 trials with
a 5-min rest period between blocks. One block was com-
pleted under instructions to respond as accurately as possible
with no regard for speed, and the other block was completed
under instructions to respond as quickly as possible with no
regard for accuracy. The task blocks and response instructions
were counterbalanced across participants. The stimulus dura-
tion for each trial was 100 ms with a 1000 ms inter-stimulus
interval. Stimulus presentation, timing, and measurement of
behavioral response time and accuracy were controlled by
Neuroscan Stim2 software (v 2.0).

2.3. Measures

2.3.1. Self-efficacy

Two measures were constructed to assess SE for behav-
ioral performance under conditions that stress either speed or
accuracy. These measures followed the format recommended
by Bandura (1977) for construction of efficacy measures and
were composed of 10 items in each scale, which reflected
beliefs relative to accurate completion of successively more
trials on the flanker task. Thus, in the context of SE for speed,
participants were asked to report their degree of confidence
in completing blocks of trials as fast as possible. The first
item on the scale was “I believe that I am able to accurately
complete 10 out of 100 trials as fast as possible.” Each item
increased by 10 trial increments so that the last item exam-
ined beliefs relative to completing 100/100 trials, again as
fast as possible. Each item was scored on a Likert scale from
0% (“not at all confident”) to 100% (“highly confident”).
Responses to all 10 items were summed and divided by the
total number of items resulting in an efficacy score with a pos-
sible range from 0 to 100. The measure of SE for accuracy
was constructed and scored in exactly the same manner and
reflected items worded in the following manner “I believe that
I am able to accurately complete x out of 100 trials without
regard for speed.” Both measures had high internal consis-
tency, « for speed = .96, « for accuracy = .96. For the purpose
of subsequent analyses, participants were categorized into the

high- or low-SE groups based on a median split on the SE
measures.

2.3.2. Event-related potentials (ERPs)

Electroencephalographic (EEG) activity was measured
using a Quik-cap (Neuro Inc., El Paso, TX) with 64 Ag—-AgCl
electrodes arranged in an extended 10-20 system montage,
referenced to a midline electrode placed at the midpoint
between Cz and CPz, while AFz served as the ground
electrode. Bipolar electrooculographic activity (EOG) was
recorded to monitor eye movements using Ag—AgCl elec-
trodes placed above and below the right orbit and on the outer
canthus of each eye, and all electrode impedances were kept
below 10k€2. Neuroscan Synamps2 bioamplifiers (Neuro
Inc., El Paso, TX), with a 24 bit A/D converter and 200 mV
input range, were used to continuously digitize (500 Hz sam-
pling rate), amplify (gain of 10), and filter (70 Hz low-pass
filter, including a 60 Hz notch filter) the raw EEG signal in
DC mode (763 pV/bitresolution). EEG activity was recorded
using Neuroscan Scan software (v 4.3.1).

Offline EEG processing included: eyeblink correction
using a spatial filter (Compumedics, 2003), re-referencing
to average mastoids, creation of response-locked epochs
(—600 to 800 ms relative to behavioral response), baseline
correction (100 ms time window prior to the response), band-
pass filtering (1-12 Hz; 24 dB/octave), and artifact rejection
(epochs with signal that exceeded £75 WV were rejected).
Average ERP waveforms for correct trials were matched
to error trial waveforms on response time and number of
trials to protect against differential artifacts of the stimulus-
related activity overlapping with the response-locked ERP
activity (Coles et al., 2001). ERN was quantified as the maxi-
mum negative deflection between 0 and 200 ms post-response
(Gehring et al., 1993; Themanson et al., 2006) in each of
these two average waveforms (error and matched-correct). Pe
was quantified as the maximum positive deflection between
200 and 500 ms post-response (Falkenstein et al., 2000;
Themanson and Hillman, 2006) in each of the two average
waveforms. Matching involved selecting individual correct
trials for each participant, without replacement, that matched
the response time for each of the error trials for that individual.
Considering error trials are typically associated with faster RT
than correct trials (Falkenstein et al., 2001; Mathewson et al.,
2005; Yeung et al., 2004), this procedure removes artifacts
that may exist in the timing of processing due to differences
in response latency for correct and error trials, and results
in an equal number of matched-correct trials and error trials
for each individual to compare differences across accuracy
conditions.

2.3.3. Response time and accuracy

Behavioral data were collected on response latency, rep-
resented by time in ms from the presentation of the stimulus,
and response accuracy, reflected by the number of correct
and error responses, for all trials in each task block. Errors
of omission (non-responses) were categorized as incorrect
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responses for calculations of response accuracy, though those
trials were not included in the creation of ERP waveforms
due to the lack of a behavioral response. The mean num-
ber of error trials included in the ERP waveforms for high-
and low-SE participants in the accuracy condition was 14
(range =5-33,S.D.=9.1) and 22 (range = 5-86, S.D.=21.1),
respectively. In the speed condition, the mean number of error
trials for high- and low-SE participants was 34 (range = 6-77,
S.D.=22.0) and 30 (range = 7-70, S.D. =20.5), respectively.
Mean response latencies were calculated for each participant
for: (1) correct trials, (2) error trials, (3) matched-correct
trials (the subset of correct trials matched to specific error
trials based on RT), (4) correct trials following an error trial
(post-error trials), and (5) correct trials following a matched-
correct trial (post-matched-correct trials). Each participant’s
mean RT for correct trials following error trials was compared
to his or her mean RT for correct trials following matched-
correct trials in statistical analyses to provide a measure of
post-error response slowing, which is a behavioral indicator
of increased recruitment and implementation of top-down
executive control (Gehring et al., 1993; Kerns et al., 2004).

2.4. Procedure

After providing informed consent in accordance with
the Institutional Review Board at the University of Illinois,
participants completed: a health history questionnaire, the
Edinburgh handedness inventory (Oldfield, 1971), the Kauf-
man Brief Intelligence Test (K-BIT; Kaufman and Kaufman,
1990), the Beck Depression Inventory (BDI; Beck et al.,
1961), and the Mini Mental State Exam (MMSE; Folstein
et al., 1975). The K-BIT and MMSE were administered by
a trained experimenter. Participants visited the laboratory to
complete behavioral and neuroelectric measures during the
completion of a modified Eriksen flanker task (Eriksen and
Eriksen, 1974). Participants were first seated in a comfortable
chair in front of a computer screen and prepared for neuro-
electric measurement in accordance with the guidelines of
the Society for Psychophysiological Research (Picton et al.,
2000). Participants were then given task instructions (speed or
accuracy) and allowed 24 practice trials prior to the first block.
Following the practice trials, participants completed the rele-
vant SE measure to assess expectations relative to subsequent
performance on the cognitive task. After the completion of the
first task condition, the other task condition (speed or accu-

racy) was completed. The protocol for this task condition was
identical to the first, with participants receiving appropriate
task instructions, completing 24 practice trials, and complet-
ing the relevant SE questionnaire prior to the task. Following
the completion of the last block, participants were briefed on
the purpose of the experiment and received US$ 20 for their
participation.

2.5. Statistical analysis

An omnibus analysis using a 2 (accuracy: error, cor-
rect) x 4 (site: Fz, FCz, Cz, Pz) multivariate repeated
measures ANOVA (Rodriquez-Fornells et al., 2002) was con-
ducted first to verify that these data conformed to the expected
and robust topography and accuracy effects. Analyses were
conducted on the four midline sites due to evidence that local-
izes the ERN and Pe at or near the ACC (Carter et al., 1998;
Dehaene et al., 1994; Herrmann et al., 2004; Miltner et al.,
2003; van Veen and Carter, 2002), which would correspond
to the FCz electrode site. ERN and Pe data were analyzed
separately for each instruction condition using 2 (SE: high,
low) x 2 (accuracy: error, correct) mixed-model multivariate
analyses of variance (MANOVA) with repeated measures.
ERN and Pe analyses did not include a congruency factor
(i.e., congruent, incongruent) due to an insufficient num-
ber of errors in the congruent condition. Behavioral data
were analyzed with a 2 (SE) x 2 (congruency) mixed-model
MANOVA with repeated measures to examine group differ-
ences in the speed and accuracy of responses. The Wilks’
Lambda statistic was used for analyses with three or more
within-subject levels, and post hoc comparisons were con-
ducted using the Bonferroni correction.

3. Results
3.1. Participant characteristics

Table 1 summarizes participants’ scores for age, MMSE,
BDI, IQ, and years of education. Participant scores did
not significantly differ across SE groups in the accuracy
condition, #’s(38) < 1.3, p’s> .21, or the speed condition,
r's(38) < 1.2, p’s >.24. Consistent with previous research
(Berkman et al., 1993), high-SE individuals reported higher
levels of cognitive (IQ) and emotional (BDI) functioning.

Table 1
Mean values (S.D.) for participant demographics by group in both instruction conditions
Measure Speed Accuracy

High-SE Low-SE High-SE Low-SE
Age (years) 65.8 (3.5) 65.7 (3.8) 65.2 (3.0) 66.2 (4.1)
K-BIT composite (IQ) 111.5(10.2) 109.5 (9.5) 112.5 (9.5) 108.6 (9.8)
MMSE total score 27.9 (1.7) 27.9 (1.6) 28.3 (1.4) 27.7 (1.8)
BDI total score 5.1(4.0) 7.3(1.2) 5.6(42) 6.9 (7.2)
Years of education 15.2 (2.3) 15.4 (2.8) 15.3 (2.5) 15.3 (2.7)
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However, due to the sample size (n = 40), this relationship was
not significant, while previous reports with larger samples
sizes (n=1354), have observed significant effects (Berkman
etal., 1993).

3.1.1. Self-efficacy

There were 21 older adults in the low-SE group and 19
older adults in the high-SE group. Group sizes were unequal
due to identical SE scores at the midpoint of both the accuracy
SE and speed SE distributions. No theoretical justification
was present for splitting the group assignments of the relevant
participants, so the individuals were assigned to the same SE
group in both instances, which created unequal group mem-
bership. A between-subject ¢ test in the accuracy condition
indicated a significant group difference in SE, #38)=9.2,
p<.001, with the high-accuracy SE reporting significantly
greater efficacy (M =80.4, S.D. =8.5) than the low-accuracy
SE group (M =41.0, S.D.=16.9). A similar result was found
in the speed condition, #(38)="7.8, p<.001, with the high-
speed SE group (M=71.1, S.D.=16.4) being significantly
more efficacious than the low-speed SE group (M =34.2,
S.D.=13.7). The correlation between the two SE measures
was significant, r=.68, p <.001, suggesting related, but inde-
pendent constructs, which was evident in the composition of
the SE groups, as eight of the 40 participants in the study were
categorized differently (high, low) depending on the type of
SE (speed, accuracy).

3.2. Behavioral outcomes: accuracy and response time

In the accuracy condition, analyses of response accu-
racy (% correct) revealed a significant congruency effect,
F(1,38)=9.8, p=.003, 77;2> = .20, with participants perform-
ing more accurately on congruent (M =87.3 %, S.D.=12.5)
compared to incongruent (M =81.1 %, S.D.=16.8) trials.
No significant effects were present for SE or the interaction
between SE and congruency, although the SE findings were in
the predicted direction, with high-SE participants performing
more accurately than low-SE participants. A similar pattern
of findings was revealed for RT, with a significant congru-
ency effect, F(1,38)=96.5, p<.001, ng = .72, but no effects
of either SE or the interaction between SE and congruency.
Specifically, participants responded more quickly on con-
gruent (M =473.4ms, S.D.=73.1) compared to incongruent
(M=502.5ms, S.D.=70.5) trials.

In the speed condition, analyses of response accuracy
revealed a significant congruency effect, F(1,38)=47.8,
p<.001, 1712) = .56, with all participants performing more
accurately on congruent (M =84.2%, S.D.=14.2) compared
to incongruent (M =76.9%, S.D.=12.8) trials. No signifi-
cant effects were present for SE or the interaction between
SE and congruency. Analyses of RT revealed a simi-
lar significant congruency effect, F(1,38)=65.5, p<.001,
ng = .63, with all participants responding more quickly on
congruent (M =417.8 ms, S.D. =66.8) compared to incongru-
ent (M=444.4ms, S.D.=71.6) trials. Further, a significant

main effect of SE was present, F(1,38)=4.7, p=.036,
nl% = .10, with the high-SE group responding more quickly
(M =407.6ms, S.D.=73.2) than the low-SE (M =452.0 ms,
S.D.=58.0) group. The interaction between SE and congru-
ency was not significant for RT.

3.3. Post-response behavior

To verify the hypothesized response slowing on tri-
als following an error, an analysis of RT on error trials
and correct trials following error trials was conducted.
In the accuracy condition, results indicated a significant
trial effect, F(1,38)=84.8, p<.001, ng = .69, with longer
RT on correct trials following error trials (post-error RT;
M=4959ms, S.D.=85.3) compared to RT on error trials
(M=381.3 ms, S.D.=61.4). Further, a significant accu-
racy effect was present, F(1,38)=15.0, p<.001, n% = .28,
such that post-error RT was significantly longer than RT
on correct trials following matched-correct trials (i.e., post-
matched-correct RT; M =463.2 ms, S.D.=72.3). Analyses of
post-error response slowing and post-error response accuracy
revealed no significant SE effects in the accuracy condition.

In the speed condition, a similar pattern of findings was
revealed when comparing error RT to post-error RT. Specif-
ically, a significant trial effect was present, F(1,38)=128.8,
p<.001, nf) = .77, indicating significantly longer RT on cor-
rect trials following error trials (M =448.1ms, S.D.=94.3)
compared to RT on error trials (M =343.5ms, S.D.=58.4).
Analyses comparing post-error RT to post-matched-correct
RT revealed a significant accuracy effect, F(1,38)=32.2,
p<.001, ng = .46, with longer RT on correct trials follow-
ing errors (M =448.1 ms, S.D.=94.3) than on correct trials
following matched-correct trials (M =398.9 ms, S.D.=65.1).
Additionally, a significant main effect for SE was present,
F(1,38)=4.6, p<.04, 1712) = .11, with the high-SE group
responding more quickly across post-error and post-matched-
correct trials (M =397.4ms, S.D.=82.1) than the low-SE
group (M=447.1ms, S.D.=63.6). Analyses of post-error
response accuracy revealed no significant SE effects in the
speed condition.

3.4. ERN amplitude

Fig. 1 provides grand-averaged waveforms by SE group
and instruction condition. In the accuracy condition, the
omnibus analysis revealed a significant accuracy X site
interaction, F(3,37)=3.9, p=.017, n]% = .40. Post hoc
Bonferroni-corrected ¢ tests revealed the expected signifi-
cant and largest accuracy effect at FCz, with larger ERN
amplitude for error (M =—6.3 nV, S.D.=4.5) compared to
matched-correct (M =—4.8 WV, S.D.=3.1) trials. No signif-
icant effect of accuracy was observed at Fz, Cz, or Pz in
the accuracy condition. In the speed condition, the omnibus
analysis again revealed a significant accuracy X site interac-
tion, F(3,37)=4.5, p=.009, nf) = .27. As in the accuracy
condition, post hoc Bonferroni-corrected ¢ tests revealed
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Fig. 1. Grand averaged response-locked waveforms by SE for accuracy condition (left side) and speed condition (right side) on error and correct trials at the

FCz and Pz electrode sites.

the expected significant and largest accuracy effect at
FCz, 1(39)=2.6, p=.012, with larger ERN amplitude for
error (M =—4.8 wV, S.D. =2.9) compared to matched-correct
(M=-39uV,S.D.=24)trials. No significant effect of accu-
racy was observed at Fz, Cz, or Pz in the speed condition.
Thus, subsequent ERN analyses used amplitude scores from
the waveforms at FCz (Falkenstein et al., 2001; Themanson
and Hillman, 2006; Themanson et al., 2006).

To verify the established relationship (Falkenstein et al.,
1990, 2000; Gehring et al., 1993; Yeung et al., 2004) between
ERN amplitude and instruction condition (accuracy, speed),
a paired-samples ¢ test was conducted that compared ERN
amplitude at FCz in the accuracy condition to ERN ampli-
tude at FCz in the speed condition for all participants. Results
indicated the expected significant effect for instruction con-
dition, #(39) =2.4, p = .024, with larger ERN amplitude in the
accuracy condition (M =—6.3 wV, S.D.=4.5) compared to
speed condition (M =—4.8 wV, S.D.=2.9).

In the accuracy condition, ERN analyses revealed a signifi-
cant effect for SE, F(1,38)=12.9,p=.001, 775 = .3. However,
this main effect was modified by a significant SE x accuracy

interaction, F(1,38)=38.6, p<.01, ng = .18, with a post hoc
Bonferroni-corrected ¢ test, #(38)=4.0, p<.001, indicating
that ERN amplitude was significantly larger for high-SE
M=-79wnV, S.D.=5.1) than for low-SE (M=-3.4nV,
S.D.=2.4) individuals during error trials. In contrast, a
post hoc Bonferroni-corrected ¢ test revealed no signifi-
cant effect for ERN amplitude, #(38)=2.2, p=.04, between
high- (M=-59nV, S.D.=3.2) and low- (M=-3.9nV,
S.D.=2.8) SE individuals on matched-correct trials. Finally,
no significant effects or interactions were observed between
SE and ERN amplitude in the speed condition. Average ERN
and Pe amplitudes by SE group and instruction condition are
presented in Fig. 2.

3.5. Moderating of ERN/post-error accuracy
relationship

Correlations demonstrated a significant relationship
between ERN amplitude and post-error accuracy in the accu-
racy condition, r=—.52, p <.001, with larger ERN amplitude
associated with greater accuracy following error commission.
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Hierarchical multiple regression analyses were performed
separately for both the high- and low-SE groups to determine
whether the ERN relationship with post-error accuracy was
moderated by SE (Baron and Kenny, 1986). In the first step
of the regression analyses, post-error accuracy was regressed
on overall response accuracy to account for the relationship
between the two measures. In the second step, ERN ampli-
tude was added to the regression equation. Table 2 provides
summaries of these hierarchical multiple regressions. For
the high-SE group, overall response accuracy was signifi-
cant, F(1,16)=4.5,p<.05, R?=122, supporting the expected

positive relationship between overall response accuracy and
post-error response accuracy in the first step of the analysis.
In the second step, a significant ERN effect was also observed
for the high-SE group, partial-r=.60, 1(16)=3.0, p<.01, R2
change = .28, indicating that larger ERN amplitude was asso-
ciated with increased post-error accuracy, independent of the
relationship between overall accuracy and post-error accu-
racy. For the low-SE participants, the expected relationship
between overall response accuracy and post-error accuracy
was significant in the first step, F(1,19)=14.6, p=.001,
R? = 43. However, in the second step of the regression, no

Table 2
Hierarchical multiple regression results to test ERN moderation of post-error accuracy (i.e., % correct) in the accuracy instruction condition
Group Variable B SEB B Partial-r t Sig.
Low-SE
Step 1 % correct .01 .002 .66 .66 3.82 .001
Step 2 % correct .01 .002 .64 .66 3.75 .001
ERN —.01 .01 -.21 —-.28 1.23 233
High-SE
Step 1 % correct .01 .003 47 47 2.19 .042
Step 2 % correct .01 .002 42 .50 2.62 .033
ERN —.02 .01 -.53 —.60 3.00 .008
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Fig. 3. Scatter plot for the relationship between ERN amplitude and post-
error accuracy for both the high-SE and low-SE participants.

significant relationship was evident between ERN amplitude
and post-error accuracy, partial-r=.28, t(18)=1.2, p=.23,
R? change = .04. These findings suggest that the relationship
between ERN amplitude and post-error accuracy is moder-
ated, in part, by SE, with a positive relationship between ERN
amplitude and post-error accuracy in high-SE individuals,
but not low-SE individuals. Fig. 3 illustrates this moderating
effect of SE on the relationship between ERN amplitude and
post-error accuracy.

3.6. Pe amplitude

In the accuracy condition, the omnibus analysis revealed
a significant accuracy X site interaction, F(3,37)=13.19,
p<.001, ng = .51. Post hoc Bonferroni-corrected ¢ tests
revealed the expected significant and largest accuracy effect
at Pz, #39)=3.0, p=.005, with larger Pe amplitude for
error (M=5.8 wV, S.D.=3.3) compared to matched-correct
(M=4.6 .V, S.D.=2.5) trials. No significant effect of accu-
racy was observed at Fz, FCz, or Cz. In the speed condition,
the omnibus analysis revealed no significant effects for accu-
racy, site, or their interaction. Thus, subsequent Pe analyses
used amplitude scores from the waveforms at Pz (Falkenstein
et al., 2000; Themanson and Hillman, 2006). See Fig. 1 for
grand-averaged Pe waveforms by site and instruction condi-
tion.

In the accuracy condition, Pe analyses revealed a signifi-
cant main effect for SE at the Pz electrode site, F(1,38)=9.8,
p=.003, nf) = .20, with the high-SE group (M=6.8 uV,
S.D.=3.4) exhibiting a significantly larger Pe amplitude
compared to the low-SE group (M =4.1 wV, S.D.=3.0). The
lack of a significant interaction with accuracy suggests that
the high-accuracy SE group exhibited greater Pe amplitudes
regardless of the behavioral response. Finally, in the speed
condition, no significant effects for SE, accuracy, or their
interaction were present for Pe amplitude.

4. Discussion

The present study confirmed findings from previous
research on the relationship between SE and cognitive per-
formance in older adults and extended this literature to
include neuroelectric indices of executive control. Indi-
viduals with high-SE for speed responded more quickly
across all trial types than individuals with low-SE for
speed. Such findings are consistent with the social cogni-
tive perspective on relationships between beliefs in one’s
capabilities and behavioral performance. Additionally, indi-
viduals with high-SE for accuracy displayed both relatively
larger ERN and Pe amplitudes than individuals with low-SE
for accuracy, indicating greater evaluation of error responses
for high-SE participants in the accuracy condition. Con-
versely, the association between SE and neural indices of
action monitoring was not evident in the speed condition.
This relationship speaks not only to the specificity of SE
beliefs (Bandura, 1986), but also to the different moti-
vations inherent in tasks emphasizing speed or accuracy
and their reflections on the implementation of executive
control as well as neural indices of self-regulatory action
monitoring.

The ERN is believed to reflect the detection of conflict in
the ACC (Botvinick et al., 2001; Carter et al., 1998; Yeung
et al., 2004) or the transmission of a negative reinforcement
learning signal to the ACC (Holroyd and Coles, 2002), thus
providing an index of the evaluative component of execu-
tive control associated with ACC activation (MacDonald et
al., 2000). Consequently, analysis of the ERN component
provides an indication of the extent to which these evalua-
tive processes are implemented following error commission.
The present findings substantiate previous research detailing
a relationship between task parameters/constraints and ERN
amplitude, with increased ERN amplitude for tasks or task
components focusing on accurate responses. This heightened
response to errors is believed to reflect either the increased
salience of an error (Gehring et al., 1993) or increased atten-
tional focus (Yeung et al., 2004) when accuracy is stressed
over speed.

Previous research has addressed the relationship of error
salience with ERN amplitude using relatively stable person-
ality factors (Pailing and Segalowitz, 2004). Specifically,
Pailing and Segalowitz (2004) addressed whether error
salience was enhanced more generally for all types of errors,
or whether error salience increased only for errors associ-
ated with the motivational incentive. They concluded that
sensitivity to incentives may be dependent upon underlying
personality characteristics, but the processes reflected by the
ERN “appear to operate in a very specific manner, reflecting
our monitoring of errors selectively based on the incentives or
consequences associated with each particular aspect of per-
formance,” (Pailing and Segalowitz, 2004, p. 94). The current
pattern of findings, with increased ERN amplitude for high-
SE individuals in the accuracy condition, corroborates and
extends this literature.
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First, the increase in ERN amplitude relationship with
beliefs in one’s capability to perform a task (SE) appears
to be unique to those task conditions stressing the accu-
racy of performance. Such tasks place greater salience and
incentive on not committing errors when compared to task
instructions emphasizing the speed of responding (Gehring
et al.,, 1993). Second, SE appears to further sensitize or
magnify the evaluative signal following the commission of
an error above and beyond the influence of task parame-
ters or incentives. This suggests that to best understand an
individual’s reaction to an error, consideration of the role
played by psychosocial factors, such as SE, may allow for
a better understanding of how both behavioral and neuro-
electric indices of cognition following error commission are
influenced. Evidence for the association between psycho-
logical factors and post-error adjustments in behavior may
be observed in the relationship between ERN and post-error
accuracy for high-SE individuals. Research has described a
relationship between ERN amplitude and post-error adjust-
ments in behavior, which reflects an increase in executive
control used to improve subsequent performance (Gehring
et al., 1993). In this study, the relationship between ERN
and post-error accuracy is present in the accuracy condi-
tion, but was moderated by SE such that the strength of this
relationship was greater only in high-SE older adults. Thus,
high-SE individuals show overall greater activation of action
monitoring processes, as indexed by ERN. Moreover, a lin-
ear relationship was observed between post-error accuracy
and ERN amplitude in these participants, with increases in
post-error accuracy, an index of greater executive control,
associated with increases in ERN amplitude.

The relationship between SE and Pe amplitude in the accu-
racy condition provides further support for the association
between psychosocial factors and neuroelectric indices of
action monitoring. Similar to the ERN, the Pe is also reduced
in older adults (Band and Kok, 2000), which substantiates
the view that action monitoring processes are weakened in
older adults (Falkenstein et al., 2001). Although debate con-
tinues as to whether the Pe reflects a predominantly cognitive
(Davies et al., 2001; Mathewson et al., 2005) or predom-
inantly emotional (Falkenstein et al., 2000; van Veen and
Carter, 2002) process, all current hypotheses agree that the
Pe indexes an evaluative process associated with ACC acti-
vation. In the accuracy condition, the high-SE individuals
exhibited greater Pe amplitude than the low-SE individu-
als, regardless of the quality of the response (i.e., correct,
error). Thus, these data suggest that the high-SE individuals
globally implement greater online evaluative processing of
their behavioral responses regardless of the quality of their
responses. This increase in Pe amplitude for high-SE older
adults not only suggests more evaluative processing for these
individuals in the accuracy condition, but it also results in a
neuroelectric profile more similar to younger adults.

Unlike the personality and mood dispositions examined in
the extant literature (Luu et al., 2000; Pailing and Segalowitz,
2004), SE is a modifiable psychological construct. The identi-

fication of a modifiable psychological influence on cognitive
processes related to action monitoring is important for older
adults, given the evidence supporting an age-related degra-
dation of the action monitoring system (Band and Kok,
2000; Falkenstein et al., 2001; Nieuwenhuis et al., 2002;
Themanson et al., 2006). This degradation has been exhibited
through relatively smaller ERN and Pe amplitudes for older
adults compared to younger adults. However, those older
adults with greater SE appear to selectively enhance the per-
formance of their action monitoring system to be more similar
to healthy younger adults, reflecting more effective top-down
executive control. This is evidenced by larger ERN ampli-
tudes and the positive relationship between increased ERN
amplitude and increased accuracy following errors, suggest-
ing increased recruitment and implementation of executive
control on subsequent trials (Gehring et al., 1993). Whether
the manipulation of older adults’ SE beliefs differentially
alters the functioning of an individual’s action monitoring
system and the quality of their interactions with the envi-
ronment remains to be determined. For example, SE can
be enhanced by the provision of efficacy information that
reflects mastery and vicarious experiences, as well as social
persuasion. Previous research has evidenced a relationship
between SE and behavioral measures of cognitive perfor-
mance (Albert et al., 1995; Berry and West, 1993; Lachman
and Jelalian, 1984; Seeman et al., 1996), but the present study
extends these findings to behavioral and neuroelectric indices
of action monitoring processes.

4.1. Limitations

Although we report on interesting relationships among SE,
behavioral performance, and neuroelectric indices of action
monitoring, there are a number of limitations to the present
study. For example, the median split assignment of indi-
viduals to SE groups as well as the cross-sectional nature
of this study, limits the strength of the findings because
associations may be attributable to other factors. However,
participants were matched on a number of demographic fac-
tors, which helps limit other potential influences. Further,
although task accuracy measures were in the predicted direc-
tion, the high- and low-SE groups in the accuracy condition
did not differ in their task performance. One explanation
for this finding includes the removal of participants that
did not commit a sufficient number of error responses for
ERP analysis. A majority of those individuals scored high
on the SE scales and their inclusion in the final analysis of
the behavioral data may have strengthened the group differ-
ence in task performance. Additionally, the task may not have
been sufficiently sensitive to detect the group difference, and
future research should implement a broader array of cogni-
tive assessments to better assess the relationship between SE
and cognitive performance. Finally, although our analyses
were able to determine the extent to which SE was associ-
ated with ERN and Pe amplitudes, it is important to clarify
that no causal relationship is being proposed. As noted, future
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efforts might consider employing true experimental designs
in which efficacy expectations are manipulated to avoid the
issues associated with self-selection into SE groups.

4.2. Summary

In conclusion, self-efficacy influences on action monitor-
ing processes were examined in older adults. Our findings
offer support for age-related decrements in action monitor-
ing processes (Band and Kok, 2000; Falkenstein et al., 2001;
Nieuwenhuis et al., 2002; Themanson et al., 2006) and the
position that modifiable psychological constructs may play a
role in determining how an individual exerts top-down exec-
utive control following error commission (Luu et al., 2000;
Pailing and Segalowitz, 2004). These relationships appear to
be specific to both task constraints (Falkenstein et al., 1990,
2000; Gehring et al., 1993; Yeung et al., 2004) and psycho-
logical states that interact with those task constraints (Pailing
and Segalowitz, 2004). The current results suggest that self-
efficacy expectations also inform how individuals respond to
errors. Whether maximizing efficacy cognitions further bene-
fits the action monitoring processes of older adults focused on
the accuracy of their performances remains to be determined.
How such task-specific improvements in post-error behavior
might subsequently enhance cognitive well-being and qual-
ity of environmental interaction provides an intriguing basis
for further exploration.
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