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Self-efficacy (SE) is a modifiable psychosocial factor related to individuals’ beliefs in their
capabilities to successfully complete courses of action and has been shown to be positively
associated with task performance. The authors hypothesized that one means through
which SE is related with improved performance is through enhanced task-relevant
attentional control during task execution. To assess this hypothesis, we examined the
relationships between SE and behavioural and neural indices of task performance and
task-relevant attentional control for 76 young adults during the completion of a flanker
task. Results showed that greater SE was associated with greater response accuracy and
P3b amplitude across task conditions, and faster RT under more difficult task conditions.
Additionally, P3b amplitude was found to mediate the relationship between SE and task
performance in the difficult condition. These findings suggest that greater attentional
allocation to task-relevant processes, including monitoring stimulus-response relation-
ships and focusing attention on working memory operations, may help explain the
association between SE and improved task performance.

Self-efficacy

In the framework of social cognitive theory (Bandura, 1986; Bandura, 1977), self-efficacy
(SE) is the primary variable associated with human agency. SE works within a dual control
system that operates both as a proactive agent to institute higher levels of functioning as
well as a reactive agent to reduce discrepant outcomes (Bandura, 1991, 2001).
Specifically, SE reflects individuals’ judgments in their capabilities to successfully execute
courses of action (Bandura, 1977) and is theorized to influence effort expenditure and
perseverance in response to failure and aversive stimuli (Bandura, 1986).

SE has been positively associated with work-related performance (Stajkovic & Luthans,
1998) and plays an important role in achievement and self-regulatory adjustments during
the completion of challenging tasks or task conditions (Bandura & Cervone, 1983;
Cervone & Peake, 1986). Further, SE has been positively associated with cognitive task
performance (Bandura, 1993; Berry & West, 1993; Bouffard-Bouchard, 1990; Lachman &
Jelalian, 1984). This effect of SE on cognitive task performance is believed to exist, in part,
because of an increase in cognitive processing during task execution. Individuals with
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greater SE have been found to expend more effort and persevere longer than individuals
with lesser SE (Bandura, 1986). Similarly, Berry (1987) found that individuals who were
more confident in their memory capabilities (greater SE) devoted more effort to the
cognitive processing of memory tasks. These relationships between SE, effortful cognitive
processing, and task performance suggest that SE may affect the underlying mechanisms
involved in these processes, especially during challenging tasks or task conditions.

One way to examine underlying cognitive activity during task execution is through
electrophysiological means. More specifically, event-related brain potentials (ERPS) are a
class of electroencephalographic activity that occurs in response to, or in preparation
for, a stimulus or response (Coles, Gratton, & Fabiani, 1990), and provide additional
insight into underlying mechanisms that occur during cognitive operations. Research
has already shown that ERPs are sensitive to variations in SE (Themanson, Pontifex,
Hillman, & McAuley, 2011; Themanson et al., 2008). Specifically, individuals with higher
SE exhibit larger error related negativity (ERN) amplitudes and greater post-error
response accuracy compared to lower-SE individuals during the completion of cognitive
tasks emphasizing the accuracy of performance. However, this research is limited to self-
regulatory cognitive processes that follow error commission, and does not address the
potential mechanisms underlying the association between SE and overall task perfor-
mance, especially during the execution of different tasks or task components. To more
broadly and directly address the relations between SE, cognitive processing, and task
performance, this study will examine task-relevant attentional control. The allocation of
task-relevant attentional control is a more pervasive cognitive process than self-
regulatory action monitoring and has also been associated with patterns of neural
activation.

P3b

The way attention is allocated and controlled is an essential part of decision-making and
task execution. Individuals who show deficits in attentional control and the ability to
properly monitor task-relevant stimulus- and response-related processes often cannot
efficiently make correct decisions and their performance during task execution suffers
(Bestelmeyer, Phillips, Crombie, Benson, & St. Clair, 2009; Bramon et al., 2003; Chao &
Knight, 1997; Justus, Finn, & Steinmetz, 2001). At times, the control of task-relevant
attention-related processes is simple, such as distinguishing a novel object from other
objects. Other attentional control processes can be much more complex and involve
attending to several different stimuli and response options at once (Polich, 2007). The
more complex processing involves allocating attention to all aspects of the stimulus and
response sets in order to fully process the situation.

One ERP component that has been theorized to index task-relevant attentional
processing is the P300. The P300 is a component of an endogenous ERP that is
characterized as a positive deflection in an ERP that peaks approximately 300-800 ms
after stimulus onset (Sutton, Braren, Zubin, & John, 1965) and is most positive at central
and parietal locations (Fabiani, Sadler, & Wessels, 2000). The P300 is believed to reflect
neuronal activity that is involved with basic cognitive functions like memory updating and
attentional resource allocation (Brumback, Low, & Gratton, 2005; Donchin, 1981; Polich,
2007; Polich & Kok, 1995). There are two variations of the P300, the novelty P3a and the
classical P3b. This study will be focusing on the P3b, which is elicited in response to task-
relevant stimuli (Snyder & Hillyard, 1976; Squires, Squires, & Hillyard, 1975), and can be
examined according to its peak amplitude and latency.
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The amplitude of the P3b increases in magnitude from frontal to parietal
electrode sites (Johnson, 1993; Polich & Kok, 1995), is thought to reflect changes in
the neural representation of the task environment, and is proportional to the
amount of attentional control needed to engage a given task. The P3b has been
identified as either an indicator of inhibitory activity utilized to focus attention on
task-relevant processes and appropriate working memory operations (Polich, 2007)
or as an index of monitoring processes employed to ensure that stimulus analyses
are appropriately linked with the correct behavioural actions (Verleger, Jaskowski, &
Wascher, 2005). Although these theoretical perspectives differ in their specific
functional explanations of the P3b, both suggest that the amplitude of the P3b is
sensitive to the allocation of task-relevant attentional control processes (Clayson &
Larson, 2011). This functional explanation of the P3b is supported by research
findings showing associations between larger (more positive) P3b amplitudes and
greater attentional allocation (Polich & Heine, 1996) and faster response time (RT)
during task execution (Holm, Ranta-aho, Sallinen, Karjalainen, & Miiller, 20006;
Koelega et al., 1982). P3b latency is the time from stimulus onset to the maximum
positive amplitude within a specified latency window. Like peak amplitude, peak
latency increases from frontal to parietal electrode sites (Polich & Kok, 1995; Polich
et al., 1997), and is thought to index classification speed, which is proportional to
the time required to detect and evaluate a stimulus and is sensitive to task
processing demands and individual differences in cognitive ability (Kutas, McCarthy,
& Donchin, 1977; Magliero, Bashore, Coles, & Donchin, 1984; Polich, 2007). Finally,
P3b latency has been shown to be related to overall RT, with longer P3b latencies
associated with longer RTs (Pfefferbaum, Ford, Johnson, Wenegrat, & Kopell, 1983;
for a review see Verleger, 1997).

Flanker task

The P3b has been shown to be sensitive to a variety of individual difference factors
including age, sex, intelligence (IQ), and personality (van Beijsterveldt, Molenaar, de
Geus, & Boomsma, 1998; Ditraglia & Polich, 1991; Houlihan, Stelmack, & Campbell, 1998;
Polich, 1996; Polich & Martin, 1992; Stelmack & Houlihan, 1994). Additionally, the P3b is
influenced by various cognitive demands that occur during task processing, including task
difficulty (Kok, 2001; Polich, 2007). More difficult tasks, or task components, have been
associated with alterations in the P3b (Kok, 2001; Verleger, 1997), including reduced P3b
amplitudes (Kok, 2001). Given that SE has also been theorized to be sensitive to task
difficulty, with its strongest effects exhibited during difficult tasks or task components,
any assessment of the relationship between SE and P3b must include variations in task
difficulty. One task that varies task difficulty without changing the nature of the task is the
Eriksen flanker task (Eriksen & Eriksen, 1974) due to its use of congruent and incongruent
flanking stimuli. Specifically, in the arrow version of the flanker task, differences in error
rate and response speed are observed between congruent (<<<<< or >>>>>) and
incongruent (<<><< or >><>>) conditions with congruent stimuli eliciting faster and
more accurate responses compared to the incongruent stimuli (Eriksen & Schultz, 1979).
Although performance on the task has been shown to be associated with a number of
individual difference variables, including age, IQ, and personality (Hillman et al., 20006;
Williams, Suchy, & Rau, 2009), research consistently shows that the incongruent task
requires greater amounts of interference control to inhibit task-irrelevant stimuli and
execute the correct response (Spencer & Coles, 1999). Specifically, in the incongruent
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task, the flanking stimuli activate the incorrect response, which competes with the
correct response elicited by the centrally placed target stimulus (Spencer & Coles, 1999)
and leads to increased performance errors and response delays.

Present study

Because SE has been shown to be related to task performance as well as neural
indices of cognitive processing, we predicted that SE would be related to task
performance in the flanker task as well as to the P3b. Specifically, we predicted that
individuals with greater SE would show superior task performance (greater accuracy
and faster RT) relative to those individuals with lower SE, replicating existing
behavioural research, with stronger effects in the incongruent condition of the flanker
task compared to the congruent condition. Furthermore, individuals with greater SE
would exhibit larger P3b amplitudes and shorter P3b latencies during cognitive task
completion, suggesting enhanced task-relevant attentional control of inhibitory
processes and stimulus-response set monitoring during task execution, with stronger
effects in the incongruent condition. Finally, we predicted that P3b amplitude would
mediate the relationship between SE and indices of task performance, indicating that
enhanced task-relevant attentional control may be one mechanism through which SE
exhibits its beneficial effects on behavioural outcomes.

Methods

Participants

Eighty-four healthy young adults (18-23 years) were recruited from the undergraduate
population at a private university located in the Midwest region of the United States.
Participants fulfilled a psychology course requirement in exchange for their participation.
Eight participants were excluded due to either excessive artefact in their neuroelectric
data (n = 5) or not performing the cognitive task at or above 50% accuracy in each task
condition (n = 3), leaving data from 76 participants (41 females, 35 males) eligible for
statistical analyses. The study was approved by the Institutional Review Board at the
university.

Cognitive task

Participants completed a modified version of the Eriksen flanker task (Eriksen & Eriksen,
1974) utilizing symbols that were either congruent (<<<<< or >>>>>) or incongruent
(><> or <<><<) to the central target stimulus. The central target symbol pointing to the
right (*>") required a right-handed response and the central target symbol pointing to the
left (‘<) required a left-handed response. Participants viewed a series of white stimuli on a
black background presented focally on a computer monitor at 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 monitor. Stimuli were 4 cm in height and
were presented for 80 ms with an inter-trial interval (ITD) varying between either 1,000,
1,200, or 1,400 ms for each trial. The symbols were presented in two task blocks, each
block containing 300 trials, with a brief rest period between each block. Congruent and
incongruent trials were equiprobable and randomly ordered separately within each task
block. Participants were asked to respond as accurately as possible.
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Self-efficacy (SE) assessment

One measure was constructed to assess SE for task performance under conditions that
stressed both the accuracy and speed of task performance (McAuley, Morris, & Doerksen,
2005). This measure followed the format recommended by Bandura (1977) for
construction of efficacy measures and was composed of a 10-item scale, which reflected
beliefs relative to the accurate completion of successively more trials on the flanker task.
Specifically, participants were asked to report their degree of confidence in completing
trials as accurately and quickly 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 on the
scale increased by 10 trial increments so that the last item examined beliefs relative to
completing 100 out of 100 trials. 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 a SE score with a possible range from O to
100. The measure had a high internal consistency, o = .95, and has been utilized in
previous research studies (Themanson et al., 2008, 2011).

Behavioural assessment

Behavioural data were collected on RT (i.e., time in ms from the presentation of the
stimulus) and response accuracy (i.e., number of correct and error responses) for all trials
across task blocks. Average response accuracies (% correct) and RTs (ms) were calculated
separately for all incongruent trials and all congruent trials in order to assess the relations
between SE, P3b, and task performance in either condition in the flanker task (congruent,
incongruent).

Neural assessment
The electroencephalogram (EEG) was recorded from 64 sintered Ag-AgCl electrodes
embedded in alycra cap arranged in an extended montage based on the International 10-10
system (Chatrain, Lettich, & Nelson, 1985) with a ground electrode (AFz) on the forehead
and electrodes placed on each mastoid process for offline re-referencing. The sites were
referenced online to a midline electrode placed at the mid-point between Cz and CPz.
Vertical and horizontal bipolar electrooculographic activity (EOG) was recorded to
monitor eye movements using sintered Ag-AgCl electrodes placed above and below the
right orbit and near the outer canthus of each eye. Impedances were kept below 10 k2 for
allelectrodes. A Neuroscan Synamps2 bioamplifier (Neuro Inc., El Paso, TX, USA), with a 24
bit A/D converter and £200 millivolt (mV) input range, was used to continuously digitize
(500 Hz sampling 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 (24 nV/bit resolution). EEG activity was
recorded using Neuroscan Scan software (v 4.3.1; Compumedics Neuroscan, Charlotte,
NC, USA). Stimulus presentation, timing, and measurement of behavioural RT and accuracy
were controlled by Neuroscan Stim (v 2.0; Compumedics Neuroscan) software.

Offline EEG processing of the stimulus-locked ERP included: eye blink correction using
a spatial filter (Compumedics Neuroscan, 2003), re-referencing to average mastoids,
creation of stimulus-locked epochs (—100 to 1,000 ms relative to stimulus presentation),
baseline removal (100 ms pre-stimulus interval), low-pass filtering (30 Hz; 24 dB/octave),
and artefact rejection (epochs with signals that exceeded +75 pV were rejected). P3b
amplitude was quantified as the largest positive-going peak within a 300-700 ms latency
window following stimulus presentation in each of the average waveforms for congruent
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trials and incongruent trials at CPz (the site where P3b amplitude was maximal).
Amplitudes were measured as a change from the pre-stimulus baseline, and peak latency
was defined as the time point of the maximum peak amplitude.

Procedure

The procedure for this study was completed in one testing session. After providing
informed consent, participants completed: A brief demographics questionnaire, the
Edinburgh handedness inventory (Oldfield, 1971), a 100-item five-factor personality
inventory developed from the International Personality Item Pool scale (Goldberg, 1999;
Goldberg et al., 2006), and the Kaufman Brief Intelligence Test (K-BIT; Kaufman &
Kaufman, 1990) to assess intelligence quotient (IQ). The K-BIT was administered by a
trained research assistant. Participants were then seated in a comfortable chair 1 m in
front of a computer screen and prepared for neural measurement in accordance with the
guidelines of the Society for Psychophysiological Research (Picton et al., 2000). After
acceptable EEG signals were observed, the participant was briefed on the flanker task. The
lights were dimmed and the participants were administered 20 practice trials. Following
the practice trials, participants completed the SE measure to assess their expectations
relative to the subsequent performance of the flanker task. After completing the SE
measure, the participants were then given two blocks of 300 trials each, with a brief rest
provided in between the task blocks. Following the completion of the last task block, the
participants were debriefed on the purpose of the experiment. This session lasted
approximately 90 minutes.

Statistical analyses

Primary analyses were conducted using hierarchical stepwise multiple regression
analyses. This multiple regression approach allowed the use of SE as a continuous
variable (as measured), rather than forcing an artificial dichotomization of this variable
with associated information loss that would be necessary with ANOVA techniques. In
addition, these regression analyses facilitated tests of mediation involving our primary
neural measure of stimulus processing, P3b. Prior to hypothesis testing, independent
samples #tests were calculated between the dependent variables, SE, and sex and
bivariate Pearson Product Moment correlations were calculated between the dependent
variables, SE, personality, and other individual difference factors (i.e., age, I1Q).
Correlations including personality, age, and IQ and #tests including sex were examined
due to findings in previous research showing relations between these individual
difference variables and SE (Rebok & Balcerak, 1989; Themanson et al., 2008; Thoms,
Moore, & Scott, 1996; Zimmerman & Martinez-Pons, 1990), P3b (van Beijsterveldt et al.,
1998; Ditraglia & Polich, 1991; Houlihan et al., 1998; Polich, 1996; Polich & Martin, 1992;
Stelmack & Houlihan, 1994), or flanker task performance (Hillman et al., 2006; Williams
et al.,2009). Separate hierarchical stepwise multiple regression analyses were conducted
for each dependent measure (P3b amplitude, P3b latency, response accuracy, RT). Any
individual difference factors significantly correlated with the dependent measure were
entered in the first step of the analysis (Miller & Chapman, 2001) and independent factors
(SE and/or P3b) were added in subsequent steps of the analysis. Goodness-of-fit of the
models was considered in terms of variance explained by the variables in the equation,
expressed as R’. The increase in variance explained by the models was tested for
significance after each step to establish whether the independent factors accounted for a
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significant proportion of the variance in the dependent measure. Finally, linear regression
analyses (Baron & Kenny, 1986) were conducted to determine if P3b mediated the
relations between SE and task performance (accuracy, RT). The alpha level was set at
p < .05 for each individual analysis and all analyses included every participant in the final
sample (n = 76).

Results

Participant characteristics

Table 1 summarizes participant scores for SE, age, I1Q, and five-factor personality. All
participants scored within the normal range on IQ, indicating that no participants
exhibited signs of abnormal cognitive deficits. Correlations were calculated among
participant scores for SE with age, IQ, and five-factor personality. A significant correlation
was present between SE and IQ (» = .27, p = .02), with higher IQ associated with greater
SE. No significant correlations were present between SE and age or any of the five
personality factors (s < .16, p’s > .16). Independent samples r-tests revealed no
significant relationships between sex and SE, P3b amplitude, or flanker task response
accuracy or RT, s (74) < 1.5, p’s > .12.

Flanker task performance

Separate two-level (congruency: congruent, incongruent) repeated measures ANOVAs
were conducted for response accuracy (% correct) and RT to verify that these data
conformed to the expected effects. Both analyses revealed significant congruency effects
as individuals performed significantly more accurately, F(1,75) = 275.3, p < .001, partial
n? = .79, and more quickly, F(1, 75) = 764.5, p < .001, partial n°> = .91, on congruent
trials (M + SD = 93% correct + 6.1; 377 + 47.1 ms) compared to incongruent trials
M + SD = 84% correct & 7.6; 439 + 53.9 ms).

SE and Flanker Task performance
Correlation analyses between indices of task performance (congruent and incongruent
accuracy and RT) with SE revealed significant correlations for each performance metric

Table I. Means (SD) and minimum and maximum values for SE, age, |Q, and five-factor personality

Variable M (SD) Min.—Max.
SE 73.2(15.4) 28-98
Age (years) 19.2 (1.2) 18-23
IQ 106.9 (7.0) 88-120
F-1 66.3 (12.7) 39-89
F-1l 78.5 (9.4) 48-96
F-1l 72.5 (11.7) 35-95
F-IV 64.1 (14.3) 25-92
F-V 74.6 (8.7) 56-98

Note. SE, self-efficacy; 1Q = K-BIT Composite Score; F-1 = Extraversion; F-l1l = Agreeableness;
F-1ll = Conscientiousness; F-IV = Emotional Stability; F-V = Intellect.
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with SE (congruent response accuracy: » = .34, p = .002; incongruent response
accuracy: r = .37, p = .001; congruent RT: r = —.27, p = .02, incongruent RT:
r = —.31, p = .0006), suggesting higher SE is associated with greater task accuracy and
faster RT regardless of trial type. Correlation analyses also revealed significant correlations
for congruent and incongruent RT with age and IQ and congruent response accuracy (%
correct) with IQ. No significant correlations were present between task performance
measures and any personality factor. Table 2 provides the correlation coefficients
between indices of task performance, P3b, SE, and individual difference factors.

Accordingly, hierarchical stepwise regression analyses were conducted to assess the
unique relationships between SE and congruent and incongruent RT by regressing each
RT measure on age and IQ entered as covariates in the first step, and SE entered in the
second step of the analyses. Both overall regression models were significant — congruent
RT: R = .14, F(3,72) = 4.0, p = .011; incongruent RT: R*= 17, F(3,72) = 5.0, p = .003
— with the expected significant effects for age and IQ in the first step of the analyses.
However, in the second step of the analyses, the effect for SE was marginally significant for
congruent RT, AR = .04, F(1,72) = 3.6, p = .06, but was significant for incongruent RT,
AR? = .06, F(1,72) = 4.9, p = .03, suggesting that SE has a slightly stronger association
with RT during more difficult (incongruent) task conditions compared to easier
(congruent) task conditions above and beyond the relations RT has with both age and
IQ. Table 3 provides a summary of these regression analyses (see Steps 1 and 2).

An additional hierarchical stepwise regression analysis was conducted regressing
congruent response accuracy on IQ entered as a covariate in the first step and SE entered
in the second step. The overall regression model was significant, R* = .14, F(2,73) = 6.1,
p = .004, and revealed a significant effect for IQ in the first step and for SE in the second
step of the regression, AR> = .08, F(1,73) = 7.2, p = .009, suggesting that SE is uniquely
associated with congruent response accuracy above and beyond the relation IQ has with
congruent response accuracy. Table 4 provides a summary of this regression analysis.
Importantly, no regression analysis was conducted between SE and incongruent response
accuracy as no individual difference variables were correlated with incongruent response

Table 2. Correlations of individual difference variables (sex, age, |Q, five-factor personality) with
Flanker Task performance (congruent and incongruent response accuracy and response time),
self-efficacy, and congruent and incongruent P3b amplitude and latency

Variable Sex Age IQ F-l F-ll F-lll F-IV F-V
I. Congruent PC Nl .06 24* .06 .04 .08 .03 .02
2. Incongruent PC .0l .0l .16 .03 .0l .08 —.0l .01
3. Congruent RT —.02 —.24* —.27* —.09 1 —.13 —.0l —.16
4. Incongruent RT —-06  —23F 31  —06 09 —.14 02 -7
5.SE .18 .06 27* 5 —.08 —.06 .04 16
6. Congruent P3b-A —.13 12 .38%* .07 .01 .13 .08 21
7. Incongruent P3b-A .0l .09 35k .0l .0l .09 .05 .18
8. Congruent P3b-L .20 -22 —.18 -22 —.03 =320 — 14 —.30%*
9. Incongruent P3b-L A7 =27 -5 -20 —-05 —23* —17 .16
Note. F-I = Extraversion; F-Il = Agreeableness; F-1ll = Conscientiousness; F-IV = Emotional Stability;
F-V = Intellect; Sex: 0 = male, | = female; IQ = K-BIT Composite score; PC = percentage correct

(response accuracy); RT = response time; SE = self-efficacy; P3b-A = P3b amplitude; P3b-L = P3b
latency.
*p < .05; **p < .01,
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Table 3. Summary of regression analyses for (a) variables predicting congruent RT (left) and (b)
variables predicting incongruent RT (right)

(a) Congruent RT (b) Incongruent RT

Variables B SEB B Variables B SEB B
Step |
Age —6.88 4.67 —.17 Age —6.69 5.29 —.14
IQ —1.53 77 —.23%* IQ -2.12 .87 —.28%*
Step 2
Age —6.91 4.59 —.17 Age —6.73 5.15 —.14
IQ —1.13 79 —.17 1Q —1.61 .88 -.21
SE —.66 .35 —.21 SE -.87 .39 —.25%
Step 3
Age —6.73 5.01 —.14
IQ —1.05 .89 —.14
SE —.64 .39 —.18
P3b —3.25 1.45 —.26*

Note. RT = response time; |Q = K-BIT Composite score; SE = self-efficacy; P3b = P3b Amplitude at
CPz.
*p < .05.

Table 4. Summary of the regression analysis for (a) variables predicting congruent response accuracy (%
correct; left) and (b) variables predicting incongruent response accuracy (% correct; right)

(a) Congruent % correct (b) Incongruent % correct

Variables B SEB B Variables B SEB B
Step |

[®) 21 .10 24% SE .18 .05 37
Step 2

IQ .14 .10 .16 SE .18 .06 37k

SE 12 .04 .30%* P3b .0l .19 .01

Note. 1Q = K-BIT Composite score; SE = self-efficacy; P3b = P3b amplitude.
*p < .05; **p < .0I.

accuracy; leaving the significant zero-order relation between SE and incongruent
response accuracy (r = .37, p = .001) as the most appropriate measure.

P3b

Figure 1 provides grand-averaged stimulus-locked waveforms by congruency (congruent,
incongruent). Separate two-level (congruency: congruent, incongruent) repeated mea-
sures ANOVAs were conducted for P3b amplitude and P3b latency. As expected, both
analyses revealed significant congruency effects as individuals exhibited significantly
greater P3b amplitude — F(1,75) = 5.0, p = .03, partial *> = .06 —and faster P3b latency —
F(, 75) =869, p <.001, partial nz =.54 - on congruent trials
(M + SD=10.1 +£ 4.6 pV; 3822 + 63.4 ms) compared to incongruent trials
M £ SD =95 £ 4.3 uv; 437.2 £ 60.8 ms).
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Figure |. Grand-averaged stimulus-locked waveforms by trial type (congruent, incongruent) at the Fz,
FCz, Cz, CPz, and Pz electrode sites.

SE and P3b

Correlation analyses between P3b (congruent and incongruent P3b amplitude and
latency) with SE revealed significant correlations for both congruent (» = .25, p = .03)
and incongruent (r = .33, p = .004) P3b amplitude with SE, suggesting higher SE is
associated with larger P3b amplitude regardless of trial type. No significant correlations
were present between SE and P3b latency for either congruency. Correlation analyses also
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revealed significant correlations for congruent and incongruent P3b amplitude with IQ
(see Table 2). Accordingly, hierarchical stepwise regression analyses were conducted to
assess the unique relationships between SE and congruent and incongruent P3b
amplitude by regressing each P3b amplitude measure on IQ entered as a covariate in the
first step, and SE entered in the second step of the analyses. Both overall regression models
were significant — congruent P3b amplitude: R* = .16, F(2,73) = 7.2, p = .001; incon-
gruent P3b amplitude: R* = .18, F(2,73) = 8.1, p = .001 — with the expected significant
effects for IQ in the first step of the analyses. However, in the second step of the analyses,
the effect for SE was not significant for congruent P3b amplitude, AR*>= .02, F
(1,73) = 2.0, p = .16, but was significant for incongruent P3b amplitude, AR? = .06, F
(1,73) = 5.3, p = .02, suggesting that SE has a unique association with P3b amplitude
above and beyond the relations P3b amplitude has with IQ during more difficult
(incongruent) task conditions, but not during easier (congruent) task conditions. Table 5
provides a summary of these regression analyses.

P3b mediation of incongruent performance effects

Previous analyses demonstrated significant SE effects on incongruent RT and response
accuracy in the flanker task, above and beyond the influences of other variables (e.g., age
and IQ). Moreover, SE exhibited a significant effect on P3b amplitude for incongruent
trials in the flanker task. Therefore, it is possible that incongruent P3b amplitude might
mediate the SE effects on incongruent flanker RT and response accuracy. Two hierarchical
stepwise regressions were performed to test for P3b amplitude mediation (Baron &
Kenny, 1986). For the analysis of the incongruent RT effect, the first and second steps of
the stepwise regression reproduce analyses reported above with incongruent RT
regressed on age and IQ in the first step and SE in the second step of the analysis.
Incongruent P3b amplitude was added to this model in the third step (see Table 3). A
significant effect of P3b amplitude was observed, AR? = .06, F(1,71) = 5.0, p = .03,
indicating that greater (more positive) P3b amplitude was associated with faster RT on
incongruent trials in the flanker task, consistent with the proposed functional significance
of P3b amplitude in stimulus processing during task execution (see Figure 2). Further, the
addition of P3b amplitude reduced the magnitude of the SE effect, suggesting that P3b
amplitude mediated this effect. A one-tailed Sobel (1982) test was conducted to assess the

Table 5. Summary of regression analyses for (a) variables predicting congruent P3b amplitude (left) and
(b) variables predicting incongruent P3b amplitude (right)

(a) Congruent P3b amplitude (b) Incongruent P3b amplitude
Variables B SEB B Variables B SEB B
Step |

IQ 25 .07 .38%* IQ 21 .07 .35
Step 2

IQ 22 .07 33 IQ A7 .07 .28%

SE .05 .03 16 SE .07 .03 25%

Note. RT = response time; |Q = K-BIT Composite score; SE = self-efficacy; P3b = P3b Amplitude at
CPz.
*p < .05; #p < 0l.
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Figure 2. Self-efficacy (SE), P3b, and RT results for incongruent trials during the flanker task. (a) Scatter
plot for the relationship between residuals for SE and incongruent RT after controlling for the influences
of age and IQ. (b) Scatter plot for the relationship between residuals for SE and P3b amplitude on
incongruent trials after controlling for the influence of 1Q. (c) Scatter plot for the relationship between
P3b amplitude and RT on incongruent trials after controlling for the influences of age, IQ, and SE.



Self-efficacy and attentional control 265

significance of the mediating variable (P3b amplitude) on the strength of the relation
between SE and incongruent RT. The test revealed a significant effect z = 1.7, p < .05,
suggesting P3b amplitude does mediate, in part, the relation between SE and incongruent
RT as the relationship between SE and incongruent RT was significantly weaker with the
inclusion of P3b amplitude in the model. In other words, variation in the activation of
attentional control processes indexed by P3b amplitude help to explain the improvement
in incongruent RT for those individuals with greater levels of SE.

For the analysis of incongruent response accuracy, the first step of the stepwise
regression reproduces the analysis reported above with incongruent response accuracy
regressed on SE, with incongruent P3b amplitude added to this model in the second step
(see Table 4, right side). No significant effect of P3b amplitude was observed, AR? = .01, F
(1,73) = .1, p = .94, indicating no unique association between P3b amplitude and
response accuracy on incongruent trials in the flanker task. Importantly, the analysis also
revealed no significant zero-order correlation was present between P3b amplitude and
response accuracy in incongruent trials, » = .12, p = .30, possibly due to the ceiling effect
associated with the very high level of response accuracy among the participants.

P3b mean amplitude analyses

Recent research examining the P3b during flanker task execution has focused on
measures of mean amplitude rather than peak amplitude (Clayson & Larson, 2011; Nelson,
Patrick, & Bernat, 2011). Further, the utility of mean amplitude measures for ERP studies
has been well-explained (Luck, 2005). To allow for better comparisons with other
research on the P3b during the flanker task, we conducted all P3b analyses again using a
mean amplitude measure for the P3b. For these analyses, P3b amplitude was quantified as
the average amplitude within a 300-500 ms latency window following stimulus
presentation in each of the average waveforms for congruent trials and incongruent
trials at CPz (the site where P3b amplitude was maximal). As expected, the pattern of
findings is consistent with the previously reported findings for peak P3b amplitude.
Specifically, both congruent (# = .24, p = .04) and incongruent (r = .33, p = .003) mean
P3b amplitude was significantly corrected with SE. Further, regression analyses showed
that incongruent mean P3b amplitude had a significant unique association with SE above
and beyond the relationship P3b amplitude has with IQ during, AR? = .06, F(1,73) = 5.6,
p = .02.Finally, mediation analyses revealed a significant effect of mean P3b amplitude on
incongruent RT, AR? = .05, F(1,71) = 4.5, p = .04, and the addition of P3b significantly
reduced the magnitude of the SE effect on incongruent RT, z = 2.2, p = .01. Similar to the
findings for peak P3b amplitude, these findings suggest that P3b amplitude does mediate
the relationship between SE and incongruent RT.

Discussion

Consistent with results observed by Bandura (1977, 1986, 1991), higher SE was found to
be associated with greater response accuracy during task execution and faster RT during
difficult task conditions. These relationships are consistent with the social cognitive
theory (Bandura, 1986), which states that higher SE will have a beneficial effect on task
performance and that effect will be more powerful when task difficulty is greater.
Additionally, SE was associated with enhanced P3b amplitude, a neural index of the
allocation of task-relevant attentional control and the monitoring of stimulus-response



266 Jason R. Themanson and Peter J. Rosen

relationships. Finally, findings suggest that P3b amplitude mediated the relationship
between SE and RT on incongruent (difficult) trials of the cognitive task, indicating that
the task-relevant attentional control activation indexed by P3b amplitude may help
explain the faster RT on difficult trials exhibited by individuals with greater SE.

Many researchers have explored the relationship between SE and cognitive behaviour
for a number of years (Bandura, 1977, 1986, 1991; Berry & West, 1993; Bouffard-
Bouchard, 1990; Lachman & Jelalian, 1984; Stajkovic & Luthans, 1998) and have detailed
SE influences on effort and motivation during task performance (Bandura, 1993; Bandura
& Cervone, 1983; Bandura & Locke, 2003). However, there has been little focus on how
the impact of SE on psychological constructs like ‘effort’ and ‘motivation’ is implemented
through patterns of neural activation during task execution (Themanson et al., 2008,
2011). Adaptations in one’s effort or motivation during a task should be reflected through
alterations in one’s neural processes that underlie the execution of the task.

The current findings corroborate previous research in showing SE as a factor that is
beneficially related with task performance, with a positive relationship between SE and
response accuracy in easy and difficult task conditions (greater SE associated with greater
response accuracy) and a negative relationship between SE and difficult task RT (greater SE
associated with faster/shorter RT). These relationships were independent of any relations
between task performance and other individual difference factors, including age, sex, IQ,
and personality. Additionally, our data show a positive relationship between SE and P3b
amplitude during task execution, with individuals possessing greater SE exhibiting greater
(more positive) P3b amplitudes. This finding extends the behavioural findings described
above to include neural measures of processes utilized during task execution and provides
details into how the benefits of SE on task behaviour are manifested.

The P3b is a consciousness-dependent ERP component that is sensitive to task
difficulty, as well as the subjective probability of task stimuli or conditions. The amplitude
of the P3b has been theorized to index the allocation of task-relevant attentional control
resources to either the monitoring of the proper linkage between stimulus analysis and
response implementation (Verleger et al., 2005) or the inhibition of task-extraneous
processes to focus attention more appropriately on task-relevant process and working
memory operations (Polich, 2007). Given this role as an indicator of task-relevant
attentional control processing, the present findings suggest that SE is associated with
enhanced attentional control during task execution. This may provide some quantifica-
tion of the ‘enhanced effort’ findings described in previous behavioural research on SE and
task performance (Bandura, 1986; Berry, 1987) and also detail a specific process
underlying the beneficial effects of SE on goal-directed behaviour.

Attentional control is vital to the successful completion of cognitive tasks, with those
individuals exhibiting deficient task-relevant attentional control capabilities showing
severe decrements in task performance (Bestelmeyer et al., 2009; Bramon et al., 2003;
Chao & Knight, 1997; Justus et al., 2001). The present findings suggest that individuals
with greater SE engage a task with greater task-relevant attentional control, resulting in
enhanced performance. This notion gains further support from evidence showing that the
relationship between SE and RT on incongruent trials was mediated by P3b amplitude on
incongruent trials, indicating that processes indexed by P3b amplitude help explain the
faster incongruent RT exhibited by individuals with greater SE. Thus, the current study
provides more information on how SE, P3b, and RT are related, with the intervening
effects SE has on P3b as well as those P3b has on incongruent RT, providing insight into
one important mechanism through which SE is related with improvements in behaviour
during more difficult, or challenging, tasks and task components. It is important to note
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that the P3b mediation of the relationship between SE and incongruent RT was not
complete. A relationship between SE and incongruent RT was still present, though
significantly weaker, once the effect of P3b was included in the regression model,
suggesting partial mediation (Baron & Kenny, 1986). One can then conclude that
processes indexed by the P3b may not be the only cognitive component responsible for
the improvements in task performance associated with greater SE. Consistent with this
conclusion, research has detailed SE influences on other cognitive processes related to
overall task performance, including self-regulatory action monitoring (Themanson et al.,
2008, 2011), indicating that P3b-related processes may just be one of many components
involved in a larger network of processes responsible for the beneficial relationship
between SE and task performance.

Limitations and future directions

Although our analyses were able to determine the extent to which SE was
independently associated with task performance and P3b amplitude, it is important
to clarify that no causal relationships or temporal models are being proposed. The cross-
sectional nature of the study, as well as the lack of random assignment to levels of SE,
limits the strength of the findings, as seen in the small effect sizes, because the effects
may be attributable to other factors. However, multiple individual difference factors
were assessed (sex, age, 1Q, five-factor personality), which helps to reduce these
variables as potential influences on the SE findings and allows for an examination of the
unique or independent associations SE has with the neural and behavioural variables of
interest. Future examinations employing experimental designs to manipulate SE are
warranted as are studies examining other key variables that may moderate or mediate SE
effects on neural and behavioural indices of task performance and attentional control.
Finally, future research should implement a broader array of cognitive measures with
greater levels of difficulty and complexity to more completely assess the relationships
between SE and indices of task-relevant attentional control and test the theorized
relationships between SE and task performance under challenging task conditions
(Bandura, 1977, 1986).

Conclusions

In conclusion, the relationships between SE, attentional control, and task performance
were examined in healthy young adults. As predicted, we found significant relationships
present between SE, P3b amplitude, and indices of task performance during more difficult
task conditions, with greater SE associated with larger P3b amplitudes and faster RT on
incongruent trials of the cognitive task. This pattern of findings is consistent with social
cognitive theory (Bandura, 1977, 1986), which suggests that SE exhibits a more powerful
effect on performance when task difficulty is greater. Further, we found that P3b
amplitude mediated the relationships between SE and RT on incongruent trials of the
flanker task. These findings provide evidence that improved task-relevant attentional
control, indexed by P3b amplitude, may be one mechanism through which SE improves
task performance. Although the observed relationship between SE and attentional control
is intriguing, further exploration is required to delve into the exact role that SE plays in
improving attentional control, and how crucial the involvement of enhanced attentional
control processing is in the larger relationship between SE and improved task
performance.
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