
Self-control and its influence on global/local processing:
An investigation of the role of frontal alpha asymmetry and dispositional
approach tendencies

Brent Pitchford1
& Karen M. Arnell1

Published online: 23 October 2018
# The Psychonomic Society, Inc. 2018

Abstract
People often inhibit or override their dominant response tendencies in order to complete tasks successfully. Exerting such self-
control has been shown to influence attentional breadth differently depending on approach-motivated tendencies, as indexed by
individuals’ behavioral activation system (BAS) scores. Approach motivation and attentional breadth have previously been asso-
ciated with frontal alpha asymmetry (i.e., lateralized cortical activity in the frontal regions) where greater left-frontal activation is
associatedwith greater approachmotivation and reduced attentional breadth. The processmodel of self-control posits that exercising
self-control leads to a subsequent increase in approach behavior in high BAS individuals, and this could be due to a shift towards
left-hemisphere-frontal processing. This was the first study to examine both frontal asymmetry and attentional breadth before and
after exercising self-control in low and high BAS individuals. Greater BAS, and greater difficulty exercising self-control, both
positively related to more narrowed attentional breadth after completing the manipulation relative to before, but only after exercising
self-control. However, breadth of attention and changes in attentional breadth were unrelated to frontal asymmetry, suggesting that
the influence of self-control on individuals’ attentional breadth was not due to changes in frontal activation patterns.
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Seeing the forest or the trees: Global/local
processing

Visual stimuli can often be perceived in their entirety or as
smaller elements. For example, the hierarchical Navon letter
(Navon, 1977) shown in Fig. 1 can be seen as a large F
(global) or as several smaller Ts (local). An individual’s atten-
tional breadth is measured through their inclination to attend
to the local or global level; a local bias reflects greater focus on
the local level and indicates narrowed attention, whereas a
global bias reflects greater focus on the global level and indi-
cates broad attention. For example, individuals with a global
bias may be faster to detect a target letter at the global level
than at the local level (e.g., Gable & Harmon-Jones, 2008),
may show greater interference from the global level when
needing to attend to the local level (Dale & Arnell, 2013;

Navon, 1977), and may be more likely to report seeing the
global level (forest) over the local level (trees) such as when
they identify a triangle made of squares as more similar to a
triangle made of triangles than to a square made of squares in
the hierarchical shape task (e.g., Dale & Arnell, 2013;
Fredrickson & Branigan, 2005; Kimchi & Palmer, 1982).

There are reliable individual differences in global/local
biases when tasks and stimuli are kept constant. Some indi-
viduals show a bias toward focusing on the local level, while
others show a bias toward focusing on the global level, and
these biases have been found to be relatively stable over at
least 10 days in multiple global/local tasks (Dale & Arnell,
2013). However, changes in stimulus parameters, such as vi-
sual angle (Kinchla &Wolfe, 1979), time of exposure (Paquet
& Merikle, 1984), or the aspect ratio (Kimchi, 1992), have
also been found to influence an individual’s global/local bias,
as have situational or state manipulations. For example, induc-
ing affective mood states has been shown to influence atten-
tional breadth (Fredrickson & Branigan, 2005; Gable-and
Harmon-Jones, 2008) where positive mood states that are
low in motivational intensity (e.g., satisfaction, serenity) in-
crease global bias, whereas positive mood states that are high
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in motivational intensity (e.g., desire, engagement) decrease
global bias.

For the sake of survival, it is crucial to approach stimuli that
are desirable, such as food or potential mates. To demonstrate
that approach-motivated positive affect could narrow atten-
tional breadth, Gable and Harmon-Jones (2008) used Navon
(1977) letters to measure attentional breadth, both after view-
ing high approach-motivating, positively-valenced images
(i.e., desserts) and neutral images (i.e., rocks). They found that
individuals were faster at indicating the smaller, or local, ele-
ments and slower at indicating the global elements, after view-
ing pictures of desserts relative to the neutral images, and this
effect increased when individuals were led to believe that they
would get to consume one of the desserts at the end of the
study. They suggested that attentional breadth decreases so
that individuals can focus on objects they desire when they
are in an approach-motivated positive affective state, which
can help aid in goal pursuit (Gable & Harmon-Jones, 2011).
Further evidence for this hypothesis was provided in that peo-
ple reporting higher approach motivation in everyday life—as
indexed by their behavioral activation system (BAS) (Carver
& White, 1994) scale scores—showed a greater local bias
(narrower attention) after viewing pictures of desserts relative
to those that reported lower approach motivation. These re-
sults suggest that approach-motivated positive affect can nar-
row attention and that this effect is especially salient for indi-
viduals who have more naturally occurring approach motiva-
tion in everyday life.

Multiple studies have found that motivation is reflected
asymmetrically in the prefrontal areas of the cortex where
greater left prefrontal activity is associated with greater ap-
proach motivation, and greater right frontal activity is associ-
ated with greater withdrawal motivation (for review, see
Spielberg, Stewart, Levin, Miller, & Heller, 2010). For exam-
ple, Harmon-Jones and Allen (1998) found that individuals’
dispositional anger (a high approach emotion) was associated
with greater left prefrontal activity at rest despite anger having
a negative valence. Furthermore, greater left prefrontal

activity at rest has also been related to increased responding
to reward-related cues (Hughes, Yates, Morton, & Smillie,
2014; Pizzagalli, Sherwood, Henriques, & Davidson, 2005),
greater optimism (De Pascalis, Cozzuto, Caprara &
Alessandri, 2013) and reduced sensitivity to negative out-
comes (Nash, Inzlicht, & McGregor, 2012). Greater right pre-
frontal activity at rest has been related to greater stress re-
sponse (Düsing, Tops, Radtke, Kuhl, & Quirin, 2016;
Quaedflieg, Meyer, Smulders, & Smeets, 2015; Shields &
Moons, 2016), increased activation of the supervisory control
system (Gable, Mechin, Hicks, & Adams, 2015), biases to
threat—especially under stress (Grimshaw, Foster, &
Corballis, 2014; Pérez-Edgar, Kujawa, Nelson, Cole, &
Zapp, 2013), and risk of psychopathology such as depression
(for review see Coan & Allen, 2004).

Indeed, manipulations of frontal asymmetry can have a
causal role on individuals’ approach motivation (for a review,
see Kelley, Hortensius, Schutter, & Harmon-Jones, 2017). For
example, increasing left frontal activity can cause people to
make riskier decisions (Fecteau et al., 2007), while increasing
right frontal activity can cause decreased food cravings
(Fregni et al., 2008)—results that are consistent with left fron-
tal activations association with approach, and right frontal
activations association with withdrawal. Price and Harmon-
Jones (2010) also provided experimental evidence for the link
between approach motivation and left hemisphere frontal ac-
tivation by showing greater left versus right hemisphere fron-
tal cortical activation when participants leaned forward with
their arms extending forward (a high approach posture) com-
pared with when they reclined backward (a low approach
posture). Importantly, frontal asymmetry has also been related
to individuals’ BAS scores, as higher BAS scores have been
associated with larger relative left resting frontal activity
(Coan & Allen, 2003; Harmon-Jones & Allen, 1997), al-
though this relationship has not always been found
(Boksem, Kostermans, Tops, & De Cremer, 2012; Neal &
Gable, 2017; Wacker, Chavanon, & Stemmler, 2010).

There is experimental evidence that increasing relative left
activity can cause narrower attentional breadth, while increas-
ing relative right activity can cause increased attentional
breadth. Gable, Poole, and Cook (2013) asked participants
to squeeze a small rubber ball in either their left or right hand
in order to increase contralateral hemispheric activity. They
found that these hand contractions resulted in greater contra-
lateral activation, whereby squeezing the ball in one’s right
hand resulted in greater left hemispheric activation and vice
versa. After squeezing the rubber ball, participants then com-
pleted the Navon letter task to assess their attentional scope.
Participants that had shown greater left hemispheric activation
by squeezing the rubber ball in their right hand were found to
have a more narrowed attentional scope (i.e., they were more
locally biased), while participants that had squeezed the rub-
ber ball in their left hand showed a broader attentional scope

Fig. 1 Example of an incongruent Navon letter stimulus (e.g., Navon,
1977)
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(i.e., greater global bias). These results suggest that there is a
causal link between relative asymmetrical activity and atten-
tional breadth, whereby greater left relative activity results in
narrower attentional scope and greater right relative activity
results in broadened attentional scope.

Harmon-Jones and Gable (2009) examined relative left
frontal activity while people viewed either a dessert image
or a neutral image prior to each Navon letter. Their results
showed a local bias on trials following a dessert picture, but
a global bias on trials following a neutral picture. Furthermore,
individual differences in left frontal activity while viewing
dessert images predicted faster local target reaction times,
even when controlling for local reaction times after viewing
neutral images. Additionally, the strength of this association
increased with the number of hours since the participant had
eaten.

Exercising self-control can also potentially influence fron-
tal asymmetry (Schmeichel, Crowell, & Harmon-Jones,
2016). Self-control is defined as Bthe aspect of inhibitory con-
trol that involves resisting temptations and not acting impul-
sively or prematurely^ (Diamond, 2013, p. 137). Sometimes
people must inhibit prepotent or tempting responses in order
to make more appropriate responses. An example in everyday
life would be if a person had to inhibit the temptation to eat
some cake, which may be much more rewarding in the short-
term, to better reach their potentially more rewarding long-
term goals such as being healthier.

There have been attempts in recent years to determine pre-
cisely what occurs during regulatory failures. According to the
process model, self-control does not rely on a limited resource,
per se, but rather, exercising self-control by consciously and
effortfully inhibiting predominant response tendencies may
lead to a shift in people’s motivational orientation (Inzlicht
& Schmeichel, 2012). Engaging in self-control is taxing, ef-
fortful, and often aversive (Botvinick, 2007), and people may
switch from working on Bhave-to^ goals towards indulging in
their Bwant-to^ goals (Inzlicht & Schmeichel, 2012).
Therefore, according to the process model, greater motivation
toward internally gratifying, enjoyable and meaningful activ-
ities after completing self-control may lead to an increase in
approach behavior following self-control (Schmeichel,
Harmon-Jones, & Harmon-Jones, 2010).

There is evidence to suggest that individuals do experience
greater approach motivation after exercising self-control. For
example, participants showed increased betting on a low-
stakes gambling game, regardless of relative outcomes, as
well as facilitated perception of reward-related symbols (i.e.,
dollar signs) after exercising self-control (Schmeichel et al.,
2010). Also, individuals with higher BAS scores demonstrat-
ed greater optimism about future health outcomes after engag-
ing in self-control (Crowell, Kelley, & Schmeichel, 2014).
Exercising self-control also resulted in greater subsequent ac-
tivity in areas of the brain that are responsible for coding

reward (Wagner, Altman, Boswell, Kelley, & Heatherton,
2013) as well as increased desire (Hofmann, Vohs, &
Baumeister, 2012).

Importantly, self-control can also influence frontal asymme-
try whereby exercising self-control can result in greater left
relative frontal activity—a proposed marker of approach moti-
vation—especially for thosewho self-report high approachmo-
tivation in everyday life. In a recent study, Schmeichel et al.
(2016) asked participants to complete a writing task where they
were instructed to write about a trip that they had recently
taken. Half of them were asked to exercise self-control by
refraining from using the letters Ba^ or Bn,^while the other half
were given no further instructions (i.e., the control group).
Afterward, they were asked to view positive, negative, and
neutral images while EEG was recorded, and then complete
the BIS/BAS questionnaire to measure naturally occurring ap-
proach motivation. Completing the controlled writing task (i.e.,
inhibiting the use of the two letters to elicit self-control), but not
the free-writing task, increased relative left frontal activity
when viewing positive images for individuals with high
BAS-BIS scores, but not for those with low BAS-BIS scores.

Exercising self-control has been hypothesized to increase
approach motivation and has been shown to increase left fron-
tal activation, at least for individuals high in trait approach
motivation (Schmeichel et al., 2016). Both approach motiva-
tion and left frontal activation have been implicated in a local
processing bias (e.g., Gable et al., 2013; Harmon-Jones &
Gable, 2009), suggesting that exercising self-control could
promote reduced attentional breadth. Crowell et al. (2014)
had participants complete the BIS/BAS questionnaire after
writing about a recent trip they had taken, either without con-
straints (control condition) or without using the letters Ba^ or
Bn^ (self-control condition), and completing the hierarchical
shape task to measure their attentional breadth (Kimchi &
Palmer, 1982). Participants reporting greater trait approach
motivation made more global selections, but only after com-
pleting the more taxing, self-control task. This suggests that
exercising self-control broadened their attention, which the
authors suggested was an indication of greater approach mo-
tivation following self-control. However, this finding and con-
clusion are contrary to what one would expect based on the
association between self-control, approach motivation, and
local bias as outlined above.

Experiment 1

The aim of the first experiment was to replicate Crowell et al.’
(2014) finding that attentional breadth could be influenced by
having individuals exercise self-control for a brief period of
time, and that this relationship would be moderated by indi-
viduals’ self-reported approach motivation as indicated by
their BAS scores. Participants completed the BIS/BAS scales
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and performed a global/local task to measure attentional
breadth both before and after a 5-minute Stroop task requiring
high self-control (incongruent Stroop trials) or low self-
control (congruent Stroop trials). Because local bias and ap-
proach motivation have both been associated with increases in
left hemisphere activation, we predicted that attentional
breadth would become narrower following self-control, but
only for those with higher approach-motivated tendencies.

Method

Participants

The participants were 63 Brock University undergraduate stu-
dents (12 males and 51 females), recruited through an online
participant recruiting system. They all received partial course
credit for their participation in the experiment. Participants
ranged in age from 17 to 25 years, with a mean age of 19.72
years (SD = 1.86). All participants reported English being
their first language and had normal or corrected-to-normal
vision. None of the participants reported any perceptual or
cognitive impairment.

BIS/BAS The Behavioral Activation System and Behavioral
Inhibition System (BIS/BAS) scales (Carver & White, 1994)
were used to measure individuals’ dispositional motivational
systems. The BAS scale consists of 13 statements, while the
BIS scale consists of seven statements. Participants completed
a computerized version of the questionnaire, with items from
both scales presented in random order. They were asked to
report on a scale from 1 (strongly disagree) to 4 (strongly agree)
whether the behavior described in each item was like them.
Individuals’ BAS scores were calculated by summing individ-
uals’ responses to all 13 items such that the minimum possible
score was 13 and the maximum possible score was 52.

Computerized tasks

Navon letter task In the Navon letter task (Navon, 1977),
participants were presented with large (global) letter stimuli
that were composed of smaller (local) letter stimuli (see Fig. 1
for an example). Smaller letters had a visual angle of 0.19°
(height) by 0.19° (width), while the larger letters had a visual
angle of 3.82° by 2.39°. Each letter was centrally presented on
a white-background screen, until the response was made, and
was preceded by a fixation cross for 500 ms and followed by a
blank screen for 1,000 ms. The Navon letters were always
incongruent in that the global-level letter was different from
the local-level letters. The letters T and H were designated as
targets, and the participant was instructed to press the key
matching the identity of the target letter as quickly and accu-
rately as possible. On half of the trials, a target letter (i.e., T or
H) was presented at the local level and a distractor (i.e.,F or L)

was presented at the global level. On the other half of trials, a
target letter was presented at the global level and a nontarget
letter was presented at the local level. All combinations of
target letters, distractor letters, and target levels were equally
likely and presented randomly trial to trial. Participants com-
pleted 64 trials of the Navon task before the Stroop task, and
64 trials immediately after the Stroop task (Stroop, 1935).

Stroop color task In the Stroop color task (Stroop, 1935), a color
word, presented in 18-point Courier New font, was presented in
the center of a white computer screen until a response was made.
This was preceded by a 500-ms fixation cross and followed by a
1,000-ms blank screen after the response. Four colors (red, blue,
green, and orange) were used for the font colors and words. In
the congruent condition, font colors matched the word meanings
(e.g., the word BBLUE^ in blue font). In the incongruent condi-
tion, font colors did not match the wordmeanings (e.g., the word
BBLUE^ in red font). Participants were randomly assigned to
complete 5 minutes of either incongruent Stroop trials or con-
gruent Stroop trials.1 All participants were instructed to indicate
the font (i.e., ink) color of the word by pressing one of the A, S,
K, L keys, with corresponding color stickers, as quickly and
accurately as they could.

ProcedureAll questionnaire items, Stroop, and Navon stim-
uli, were presented on a 17-inch CRT monitor and controlled
by E-Prime software running on a Dell desktop computer.
Responses were made using the computer keyboard or mouse
while participants viewed the screen unrestrained from approx-
imately 60 centimeters. Responses were timed using E-Prime
software (Psychology Software Tools, Pittsburgh, PA, USA).
All participants performed the tasks alone in a test cubicle.

After completing the questionnaires,2 participants complet-
ed the first block of the Navon letter task, then the Stroop task
for 5 minutes, regardless of how many trials they had com-
pleted, followed by a second block of Navon trials.
Afterwards, they were asked to report on a scale of 1 (not
difficult at all) to 4 (extremely difficult), how challenging they
found the Stroop task. The total time that it took to complete
the computerized tasks following the questionnaires was ap-
proximately 11 minutes.

Results

BIS/BAS

Similar to past research (e.g., Gable & Harmon-Jones, 2008;
Spielberg et al., 2012), BAS scores were used as self-reported

1 The number of Stroop trials completed by participants in 5 minutes did not
significantly relate to any dependent measures.
2 Participants also completed three additional computerized questionnaires
that did not measure approach or withdrawal motivation. These measures were
not the focus of this study and will not be discussed further here. In total, the
questionnaires were completed in less than 30 minutes.
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indicators of individuals’ approach motivation. The mean
BAS score was 38.73 (range: 13–52), with a standard devia-
tion of 4.84, making it comparable to previous research (e.g.,
Carver & White, 1994; Harmon-Jones & Allen, 1997), and
showing a good range of self-reported approachmotivation by
individuals within our sample.

Stroop color task

Stroop response times (RTs) were extracted for all correct
trials (Mreject = 3.66%, SDreject = 2.97%). One participant’s
data were not included in the analyses due to the absence of
any correct Stroop trials, suggesting they did not complete the
manipulation as instructed. RTs from the remaining partici-
pants (N = 62) were subjected to a two-stage recursive outlier
elimination procedure, where RTs were removed if they were
greater than or less than two standard deviations from the
mean for each participant (Mreject = 7.91%, SDreject = 4.35%).

As expected, participants in the incongruent Stroop condi-
tion had significantly longer Stroop RTs (M = 775 ms, SD =
180 ms) than did participants in the congruent Stroop condition
(M = 606 ms, SD = 137 ms), t(60) = 4.15, p < .001, d = 1.05,
and rated the Stroop task as significantly more difficult (M =
2.65, SD = .80) than participants in the congruent condition did
(M = 2.06, SD = .93), t(60) = 2.64, p = .01, d = .68. There was
no significant difference in accuracy for the incongruent (M =
95.93%, SD = 3.65%) and congruent (M = 96.86%, SD =
2.01%) conditions, t(46.64) = 1.24, p = .22, d =.32.

Navon letter task All correct global/local RTs that were less
than 2,000 ms were extracted (Mreject = 2.50%, SDreject =
2.93%). These were subjected to a two-stage recursive outlier
elimination procedure, where RTs were removed if they were
greater than or less than two standard deviations from the
mean for each combination of participant, level (global, local),
and time (pre-Stroop Navon, post-Stroop Navon) (Mreject =
7.71%, SDreject = 2.03%). Participants who had local and/or
global RTs that were greater than or less than three standard
deviations away from the sample mean for each combination
of level and time were excluded from analysis, resulting in the
exclusion of four participants. Similar to previous research, a
difference score was calculated (local RT − global RT), to
represent attentional breadth (e.g., Juergensen & Demaree,
2015).3 Attentional breadth change values were calculated as
post-Stroop Navon attentional breadth minus pre-Stroop

Navon attentional breadth, such that values greater than zero
represented a shift toward broader attention following Stroop,
and values less than zero represented a shift toward more
narrowed attention following Stroop, relative to baseline
(i.e., pre-Stoop).

There was a significant positive relationship between atten-
tional breadth before Stroop and after Stroop, r = .48, p < .001,
which is consistent with previous research (e.g., Dale & Arnell,
2014) suggesting that there are reliable individual differences in
global/local processing (see Table 1 for means and standard
deviations). Note that both pre-Stroop and post-Stroop Navon
blocks had mean attentional breadth scores close to zero, which
indicates that there was no global or local bias in the sample
overall. This is consistent with the fact that the Navon letters
used here were created by Dale and Arnell (2011, 2013) to be
global/local neutral across a sample (by adjusting the density
and size of the local elements relative to the global element) so
that an individual’s natural global or local bias would not be
dominated by the bias inherent in the stimuli.

Changes in attentional breadth as moderated by trait
approach motivation

To investigate whether individual differences in naturally oc-
curring approach motivation predicted changes in individuals’
attentional breadth (i.e., attentional breadth after Stroop minus
attentional breadth before), we regressed changes in attention-
al breadth on trait BAS scores (centered), Stroop condition
(congruent or incongruent; coded as 0 and 1), and the condi-
tion by BAS interaction (see Fig. 2 for these results). There
was a significant interaction between the self-control condi-
tion and BAS scores, b = −53.30, t(54) = 2.36, p = .02. Simple
slope analysis revealed that, in the incongruent Stroop condi-
tion, greater BAS scores predicted reduced attentional breadth
pre-Stroop to post-Stroop Navon, b = −37.82, t(54) = 2.41, p =
.02. In contrast, in the congruent Stroop condition, BAS
scores did not predict changes in attentional breadth pre-
Stroop to post-Stroop Navon, b = 15.47, t(54) = .95, p = .35.
Furthermore, simple slopes showed that those high in BAS
(+1 SD) showed a significant effect of Stroop condition b =
−84.31, t(54) = −2.58, p = .01, that was not observed for those
low in BAS (−1 SD), b = 25.31, t(54) = .77, p = .44.

3 Although a difference score was used for analyses, standardized residuals
(local RTs controlling for global RTs) could also have been used for analyses
instead of difference scores. Indeed, the standardized residuals were correlated
with the difference scores .88 for the pre-Stroop Navon attentional breadth
measure, .89 for the post-Stroop Navon attentional breadth measure, and r =
.78, p < .001 for the pre-Stroop to post-Stroop Navon change in attentional
breadth. Findings from this Experiment remained the same when using either
difference scores or standardized residuals as dependent measures.

Table 1 Descriptive statistics for attentional breadth measures (ms) pre-
Stroop and post-Stroop, as well as the change in attentional breadth from
pre-Stroop to post-Stroop (N = 58)

Mean SD Minimum Maximum

Pre-Stroop −12 96 −270 278

Post-Stroop 14 81 −173 196

Change 25 92 −130 259
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Difficulty completing Stroop

The degree to which individuals found the Stroop task to be
difficult may have influenced their attentional breadth, especially
if they were completing the incongruent Stroop condition where
greater difficulty likely represented the need for, or use of, greater
self-control. We first regressed changes in attentional breadth on
Stroop condition and subjective ratings of Stroop difficulty (cen-
tered). As predicted, there was a significant interaction of the
condition and difficulty ratings, b = −59.37, t(54) = 2.36, p =
.02 (see Fig. 3). Simple slope analysis revealed that higher diffi-
culty ratings significantly predicted attentional narrowing for
participants in the incongruent Stroop condition, b = −59.37,
t(54) = 2.02, p < .05 but there was no relationship between
difficulty ratings and attentional breadth for participants in the
congruent Stroop condition, b = 19.83, t(54) = 1.26, p = .21.

The results reported above show that, in the incongruent
condition, both BAS and Stroop difficulty predicted reduced
attentional breadth. Overall, when both self-reported difficulty
(centered) and BAS (centered) were included as moderators of
the relationship between Stroop condition and changes in at-
tentional breadth, the Condition × BAS × Difficulty interac-
tion was not significant, b = .98, t(54) = .03, p = .98. In the
incongruent condition, BAS and Stroop difficulty were not
related to each other, r(30) = −.06, p > .76. When BAS scores
(centered), Stroop difficulty ratings (centered), and their inter-
action were entered as simultaneous predictors of attentional
breadth change, the interaction was not significant, b =
−10.46, t(24) = .53, p = .60, and both BAS, b = −39.07,
t(24) = 3.40, p < .01, and Stroop difficulty, b = −38.30, t(24)
= 2.49, p = .02, remained significant unique predictors of
attentional breadth change over and above each other.
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Discussion

The results from Experiment 1 supported the hypothesis that
exercising self-control can influence attentional breadth differ-
ently depending on self-reported approach motivation and that
individuals high in BAS would show attentional narrowing
after self-control. This pattern is consistent with previous re-
search that has shown increased relative left frontal activity after
exercising self-control for participants reporting higher levels of
approach motivation (Schmeichel et al., 2016), as greater left
frontal activity has been associated with greater local focus, and
thus the increased relative left frontal activity after exercising
self-control may relate to greater narrowed attention.

Experiment 2

Experiment 2 was a replication of the high self-control (incon-
gruent Stroop) condition of Experiment 1, with added EEG
measures. Resting and pre-Navon trial measures of frontal
asymmetry were taken to test whether the change in frontal
asymmetry following the exertion of self-control could account
for the change in attentional breadth following the self-control
manipulation, especially for high BAS participants. Based on
findings in previous research (i.e., Schmeichel et al., 2016), and
the process model of self-control (Inzlicht & Schmeichel, 2012;
Inzlicht, Schmeichel, & Macrae, 2014), we hypothesized that
exercising self-control would increase relative left frontal activ-
ity for individuals with highBAS, and that this change in frontal
asymmetry would predict the change in attentional breadth.
This hypothesis is based on the prediction that an anticipated
increase in relative left frontal activity following the self-control
task could be the mechanism as to how increased approach-
motivated tendencies can predict more narrowed attentional
breadth following self-control relative to before completing
the self-control task. An association between the increase of
relative left frontal activity following self-control and an in-
creased narrowing of attention would provide support that
asymmetrical frontal activity is indeed the mechanism.

Method

Participants

The participants were 71 Brock University undergraduate stu-
dents recruited through an online participant recruiting sys-
tem. They all received partial course credit for their participa-
tion in the experiment. All participants reported having profi-
cient written English, normal or corrected-to-normal vision,
and no history of neurological or cardiac conditions.
Participants were all right-handed, able to discriminate colors,
and were not taking psychoactive medications. Behavioral
results were available for 63 participants: nine males and 54

females. These participants ranged in age from 18 to 48 years,
with a mean age of 20.71 years (SD = 6.02). Behavioral results
from eight participants were not included due to the following
reasons: chance accuracy on at least one of the cognitive tasks
(2), average Stroop RTs greater than three standard deviations
above the sample mean (3), incomplete questionnaire data (2),
an attentional breadth score that was greater than three devia-
tions from the sample mean (1). The EEG data from 11 par-
ticipants were not included due to the following reasons: in-
complete data collection due to computer error (7), and the
inability to acquire EEG signals with appropriate impedance
levels (4). Therefore, of the total sample, both behavioral and
EEG data were available for 56 participants: eight males and
48 females. Ages for these participants ranged from 18 to 48
years (M = 20.80 years, SD = 6.23).

Measures and procedure

The BIS/BAS questionnaire, the Navon letter task and Stroop
color task were identical to Experiment 1, with the exception
that there was no congruent Stroop (control) condition imple-
mented in Experiment 2. Recall that the results from
Experiment 1 showed an association between BAS and
changes in attentional breadth after self-control (the incongru-
ent Stroop condition), but not after the control (congruent
Stroop) condition. Therefore, only the incongruent Stroop
condition was included in Experiment 2 so that the relation-
ship between frontal asymmetry, BAS, and changes in atten-
tional breadth could be explored in the condition of interest
with increased power.The procedure for Experiment 2 was the
same as Experiment 1, apart from the recording of EEG. After
participants completed the questionnaires, and prior to the first
block of Navon trials, the cap and electrodes were prepared
and resting EEG was recorded as described below.

EEG acquisition and preprocessing

EEG was recorded continuously using 29 tin electrodes em-
bedded in an Electro-Cap© (Electro-Cap International Inc.,
Eaton, Ohio, USA) distributed according to the international
10–20 system. An electrode placed anterior to Fz was used as
ground, while linked left and right earlobes were used as a
reference. EEG data were amplified and acquired using a 32-
channel NeuroScan SynAmps and Neuroscan acquisition
software (Compumedics USA, Charlotte, North Carolina)
installed on a Dell desktop PC. EEG data were sampled online
at a rate of 500 Hz. Electrooculogram (EOG) electrodes were
placed on the outer canthus of each eye and on the infra-orbital
and supra-orbital regions of each eye to record horizontal and
vertical eye movements, respectively. Impedance was main-
tained below 5 kiloohms for frontal sites of interest.

EEG data were analyzed off-line using EEGLAB Version
14.1.1b (Delorme &Makeig, 2004) and custom routines written
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inMATLABR2017a (TheMathWorks, Natick,MA,USA). The
data were band-pass filtered with the default EEGLAB filter
(pop_eegfiltnew) excluding activity below 0.1 Hz and above
60 Hz, and the default filter order (i.e., 2 Hz transition band-
width). Artifacts (i.e., signals due to muscle movement, eye
movements, and eye blinks) were manually removed using vi-
sual inspection and rejected from analysis. All activity ±100
microvolts in the vertical electrooculogram and horizontal elec-
trooculogram was also rejected from analysis.

Resting EEG analysis EEG alpha asymmetry measures were
gathered using eight 60-second resting blocks that alternated
between eyes open (EO) and eyes closed (EC) (i.e., either in
one of the following orders: COOCOCCO or OCCOCOOC4).
The EEG alpha asymmetry measures were calculated following
recommended standard procedures (Allen, Coan, & Nazarian,
2004). EC and EO data were separately epoched into 1.024-
second segments extracted through a hamming window where
consecutive epochs overlapped by 50%. An average of 170.23
epochs (SD = 102.20) comprised the EO data, and an average
of 289.35 epochs (SD = 111.44) comprised the EC data. The
number of accepted epochs did not relate to BAS, p > .45, or
any attentional measures, ps > .81. Alpha power density (V2/
Hz; 8–13 Hz) in each epoch was extracted using the pwelch()
function and averaged across epochs of the same condition (i.e.,
EC and EO) separately for sites F3, F4, F7, and F8 (i.e., frontal
electrode sites often used for calculating frontal asymmetry).
Power values were log transformed to obtain normalized
values. Creating an index of differential cortical activity by
two sites on contralateral areas of the scalp (e.g., left and right
of the midline) was done by subtracting the log-transformed
power in the alpha band of the left sites from the right sites.
Because greater alpha power is assumed to relate to inverse
cortical activity (Allen et al., 2004), a greater value represented
greater alpha activity in the right side and thus lesser cortical
activity in the right side relative to the left. A medial frontal
alpha asymmetrical index (log F4 − log F3) and a lateral alpha
asymmetrical index (log F8 − log F7) were determined5 for
both EO and EC conditions, and then these values were aver-
aged across EO and EC conditions.6 Finally, a resting frontal
asymmetry score for each participant was determined by aver-
aging their asymmetrical indices for the lateral and medial sites.

Prestimulus EEG analysis Recall that each Navon letter was
centrally presented until a response was made and was preceded
by a fixation cross for 500 ms and a blank screen for 1,000 ms.
Epochs from −1,024 ms prior to onset of Navon letter stimuli
were created to ensure consistent epoch length for both resting
and task measures. An average of 55.15 seconds (SD = 11.22 s)
of data were available for pre-Stroop Navon analysis, while an
average of 52.74 seconds (SD = 12.00 s) of data were available
for post-Stroop Navon analysis. Spectral analysis using the
pwelch() function was conducted in MATLAB (The
MathWorks, Inc.) using the EEGLAB toolbox (Delorme &
Makeig, 2004). A Hamming window with a window size
consisting of 512 data points (i.e., 1.024 seconds) and 50% over-
lap allowed for the extraction of average alpha power density at
the frontal sites (F3, F4, F7, F8) separately for Navon letter stim-
uli presented pre-Stroop and post-Stroop Navon manipulation.
Similar to resting EEG analysis, a medial frontal asymmetrical
index (log F4 − log F3) and a lateral frontal asymmetrical index
(log F8 − log F7) were averaged together to create an overall
frontal asymmetry score. This resulted in two overall frontal
asymmetry scores: one for trials before the Stroop manipulation
(pre-Stroop Navon frontal asymmetry) and one for trials after the
Stroop manipulation (post-Stroop Navon frontal asymmetry).

Results

Behavioral results

All correct Stroop response times were extracted (Mreject =
3.76%, SDreject = 3.16%) and subjected to the same two-
stage recursive outlier elimination procedure in Experiment
1 (Mreject = 8.41%, SDreject = 1.98%). As well, all correct
global/local response times (RTs) that were less than
2,000 ms were extracted (Mreject = 2.68%, SDreject = 2.45%)
and subjected to the same two-stage recursive outlier elimina-
tion procedure in Experiment 1 (Mreject = 8.57%, SDreject =
1.78%). Again, there was a significant positive relationship
between attentional breadth before Stroop and after Stroop, r
= .59, p < .001, and there were large individual differences in
attentional breadth and its change.

To investigate whether individual differences in naturally
occurring approach motivation predicted changes in individ-
uals’ attentional breadth, we correlated changes in attentional
breadth and trait BAS scores and found that greater BAS
predicted narrowed attention post-Stroop relative to pre-
Stroop, but the relationship was nonsignificant, r = −.15, p =
.29.7 To further examine the relationship of individuals’

4 An independent-samples t test determined that the order of these blocks did
not significantly influence resting frontal asymmetry, t(44) = .07, p > .79.
5 Medial and lateral frontal asymmetry values were highly correlated, and the
results reported here were also found when medial and lateral sites were ex-
amined separately.
6 All asymmetry indices for EO data were highly correlated with asymmetry
indices for EC data, rs > .79. Due to the strong relationships between asym-
metrical measures of EO, EC data, as well as due to past findings suggesting
that averaging asymmetry indices between EO and EC blocks produces better
measures overall (Tomarken, Davidson, Wheeler, & Kinney, 1992b), subse-
quent analyses were then performed using data collapsed across EO and EC
blocks. The findings did not differ when using only EO or EC data.

7 Since behavioral task procedures were the same for participants assigned to
the incongruent Stroop condition in Experiment 1 and all participants in
Experiment 2, we regressed changes in attentional breadth on BAS (centered),
BAS by Experiment, and Experiment. BAS significantly predicted narrowing
of attentional breadth, r = −.29, p < .01, while both the interaction of BAS by
Experiment, and the main effect of Experiment were nonsignificant, ps > .14.
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approach motivated tendencies and their change in breadth, a
2 (low vs. high BAS group) × 2 (pre-Stroop Navon vs. post-
Stroop Navon time) mixed-factors ANOVAwas performed.8

Participants were grouped based on their total BAS scores into
either the low BAS group (M = 35.80, SD = 3.35) or the high
BAS group (M = 43.18, SD = 3.00) by z scoring BAS and
separating high and low groups based on whether individuals’
centered scores were above or below zero, respectively. The
pattern of results replicated those of Experiment 1 (see Fig. 4).
There was a significant interaction of approachmotivation and
pre- versus post-Stroop Navon on attentional breadth, F(1, 61)
= 4.94, p = .03, η2 = .08, where the effect of pre-Stroop versus
post-Stroop Navon was opposite for those with low and high
BAS scores. There was no significant main effect of approach
motivation, F(1, 61) = 1.19, p = .28, η2 = .02, or pre-Stroop/
post-Stroop Navon, F(1, 61) = .03, p =.87, η2 < .01.

Independent-samples t tests showed no significant differ-
ence in attentional breadth for low and high BAS groups be-
fore they performed the Stroop task, t(61) = .02, p = .99, d <
.01, but the low BAS participants showed significantly greater
attentional breadth than the high BAS participants after
performing the Stroop task, t(61) = 2.26, p = .03, d = 0.57,
suggesting that individuals’ attentional breadth differed fol-
lowing the self-control manipulation depending on their
approach-motivated tendencies.

There was a significant relationship where greater self-
reported difficulty completing the Stroop task was associated
with a narrowing of attention, r = −.34, p < .01, even over and
above BAS scores, partial r = −.33, p < .01, replicating the
pattern of results in Experiment 1. Further, when changes in
attentional breadth were regressed on BAS (centered), self-
reported difficulty (centered) and the interaction of BAS by
self-reported difficulty, the BAS by self-reported difficulty
interaction was nonsignificant, t(59) = −.29, p = .77.

Frontal asymmetry

Individuals’ average asymmetry measures were highly consis-
tent across resting, pre-Stroop Navon and post-Stroop Navon
blocks, rs > .78, which is in line with the characterization of
frontal asymmetry as a stable individual difference measure
(Tomarken, Davidson, Wheeler, & Doss, 1992a).

Individual differences in BAS scores did not relate to indi-
vidual differences in frontal asymmetry during the experi-
ment, either while resting or completing the Navon task, rs
< .12, ps > .05. Furthermore, the relationship between BAS
and individuals’ frontal asymmetry remained nonsignificant
when controlling for variables that have previously been
shown to influence frontal asymmetry: age, gender, and the
time of day, ps > .10.Individuals’ resting frontal asymmetry
did not relate with any attentional breadth measures (i.e.,
change or pre-Stroop and post-Stroop Navon), ps > .65.

To examinewhether individuals’ frontal asymmetry changed
after exercising self-control, and whether this was modulated by
their approach motivation, a 2 (low vs. high BAS group) × 2
(pre-Stroop Navon vs. post-Stroop Navon time) mixed-factors
ANOVAwas performed on frontal asymmetry values acquired
during the Navon task blocks (see Fig. 5). Post-Stroop Navon
frontal asymmetry was almost significantly different from pre-
Stroop Navon frontal asymmetry, F(1, 52) = 3.57, p = .06, η2 =
.06, and there was no significant main effect of BAS group,F(1,
52) = .24, p = .62, η2 < .01. Contrary to our hypothesis, there
was no significant interaction of BAS and pre-Stroop/post-
Stroop Navon on individuals’ frontal asymmetry, F(1, 52) =
.20, p = .66, η2 < .01, in that both low and high BAS participants
showed small, nonsignificant, increases in left relative frontal
cortical activity from pre-Stroop to post-Stroop Navon.

General discussionThe purpose of this study was to examine
how self-control could influence attentional breadth differently
depending on individuals’ levels of BAS and explore frontal
asymmetry as a possible mechanism. This is an important ques-
tion, as human beings often have to constrain and inhibit easy or
predominant thoughts and behaviors in everyday life, and this
could affect their subsequent cognitive processing. While
resisting eating the delicious piece of cake may be beneficial
for one’s health in the long term, what are the consequences of
this self-control for their cognitive processing in the short term?

In two studies, we looked at attentional breadth before and
after a self-control task while measuring BAS, and in Study 2
we also measured frontal asymmetry, both at rest and before
each Navon trial. Although previous work has investigated
various combinations of self-control, BAS, attentional
breadth, resting frontal asymmetry, and pretrial frontal asym-
metry, Experiment 2 is the first study to combine all of these
measure into a single study to examine whether the changes in
attentional breadth as a function of self-control and BAS are
related to resting asymmetrical frontal activity or its change in
frontal asymmetry across trials.
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There were three main findings: (1) Self-control influenced
attentional breadth differently depending on BAS where the
self-control manipulation reduced attentional breadth only for
the high BAS individuals; (2) narrowed attentional breadth
related to greater subjective reports of difficulty while exercis-
ing self-control, and this was independent of the BAS effect
on attentional breadth after self-control; and (3) BAS, atten-
tional breadth, and changes in attentional breadth, were found
to be unrelated to individual differences in resting or pretrial
frontal asymmetry, or changes in pretrial alpha asymmetry
pre-Stroop to post-Stroop Navon.

Approach and attentional breadth

Modulations in breadth of attention can serve a purpose in
helping humans interact appropriately with the environment.
For example, attentional breadth has been shown to narrow
after viewing approach-motivating stimuli (e.g., the tasty treat
when it has been hours since last eating), and this may allow
for individuals to Bkeep their eyes on the prize^ and pursue
their goals (Gable & Harmon-Jones, 2011; Harmon-Jones &
Gable, 2009). Furthermore, individuals differ in their tenden-
cies to approach in everyday life, and individuals with greater
tendencies show more narrowed attentional breadth when
viewing approach-motivating images in comparison to indi-
viduals with lesser tendencies (Gable & Harmon-Jones,
2008).

The results from this study largely support the hypothesis
that there are attentional changes, or shifts, that occur after
exercising self-control, and that these attentional changes are
largely dependent on individuals’ levels of naturally occurring
or trait levels of approach motivation such that exerting self-
control promotes narrowed attention for those high in BAS.
The narrowed attention for high BAS individuals after engag-
ing in self-control would be generally consistent with the pro-
cess model of self-control (Inzlicht & Schmeichel, 2012;

Inzlicht et al., 2014). This model postulates that exerting
self-control causes shifts in attention and motivation toward
approaching more reward-seeking and pleasurable behaviors.
Evidence to support this model includes findings that self-
control can lead to greater reported optimism in high-
approach-motivated individuals (Crowell et al., 2014), facili-
tated perception of reward-like symbols in comparison to
nonreward-like symbols (Schmeichel et al., 2010), and muted
error monitoring (via decreased error-related negativity ampli-
tudes) during incorrect trials by individuals with greater left
frontal activity at rest (Nash et al., 2012).

If self-control does lead to greater approach motivation, as
the process model predicts, then one might expect the in-
creased approach state following self-control to lead to a
narrowing of attention on global/local tasks, especially in
those individuals with high dispositional approach motivation
(e.g., Gable & Harmon-Jones, 2008). The present results sup-
port this hypothesis in that high BAS individuals showed
narrowed attentional breadth after exercising self-control, but
not after completing a non-self-control task.

As noted above, Crowell et al. (2014) used a different at-
tentional breadth measure, and a different self-control task,
and found that attentional breadth was significantly more
broad for high-approach individuals after exercising self-con-
trol, which is opposite to the findings reported here. They also
claimed that their results provided evidence that self-control
increased approach motivation for high BAS individuals, al-
though this conclusion fits their findings less well given the
well-replicated relationship between attentional narrowing
and greater approach motivation (e.g., Domachowska et al.,
2016; Gable & Harmon-Jones, 2008; Gable, Mechin, & Neal,
2016; Harmon-Jones & Gable, 2009; Harmon-Jones, Price, &
Gable, 2012; Hicks, Friedman, Gable, & Davis, 2012;
Juergensen & Demaree, 2015; Liu, Wang, Quan, & Li,
2017; Liu, Zhang, Zhou, & Wang, 2014). Some findings in
the literature suggest that approach motivation can result in
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broadened attentional breadth in contexts other than viewing
images of appetitive stimuli (e.g., see Förster, Friedman,
Ozelsel, & Denzler, 2006; Friedman & Förster, 2010).
Indeed, Crowell and colleagues suggested that their self-
control manipulation induced a low-intensity approach-moti-
vational state in contrast to the high-intensity approach-moti-
vational state induced when viewing appetitive images, and
this resulted in greater breadth for high BAS individuals. One
possible explanation for the differences in findings is that the
self-control task used here (incongruent Stroop) created a dif-
ferent context than that of the self-control task used by
Crowell et al. (2014), and that this lead to a different role for
approach motivation in the two studies.

Another explanation for the different results found here
could be because of differences in the attentional breadth task
used, as weak correlations have been previously reported be-
tween various attentional breadth measures, suggesting that
they tap into distinct aspects of global/local processing
(Chamberlain, Van de Hallen, Huygelier, Van der Cruys, &
Wagemans, 2017; Dale & Arnell, 2013). However, it is cur-
rently unclear why eliciting greater self-control could poten-
tially broaden attention for high-approach-motivated individ-
uals when completing one attentional breadth task, but narrow
attention when using a different attentional breadth measure,
although other contextual factors could be considered in future
research (e.g., whether appetitive stimuli are presented follow-
ing self-control). Further, many elements of the incongruent
Stroop task may have played a role in affecting attentional
breadth (e.g., fatigue, signaling of conflict, increases in heart
rate and arousal, changes in stress, changes in affect; Fröber,
Stürmer, Frömer, & Dreisbach, 2017; Renaud & Blondin,
1997). Although a strong argument could be made for the
inclusion of these factors in the construct of self-control, it is
unclear whether any of these effects on their own had a dis-
proportionate influence on the change in attentional breadth or
how these may differ from the controlled writing self-control
task used by Crowell et al. (2014). Further, self-control is a
complex construct, and although Stroop is a popular and val-
idated measure of self-control (e.g., see Duckworth & Kern,
2011), future research would benefit from examining multiple
measures of self-control and examining how they influence
attentional breadth.

Individuals show reliable individual differences in their
global/local bias (Dale & Arnell, 2013). This study is the first
to look at how attentional breadth changes before and after
self-control, thereby accounting for individuals’ baseline
global/local biases. In contrast, Crowell et al. (2014) randomly
assigned individuals to high or low self-control conditions and
measured attentional breadth only after the self-control manip-
ulation, meaning the large individual differences were not re-
moved. However, regardless of the reason for the different
results across the two studies, the replication of the behavioral
results across Experiments 1 and 2 give us confidence that the

pattern of results reported here is reliable, and the present
behavioral results fit the pattern one would expect based on
previous links between attentional breadth, self-control, and
approach motivation.

Difficulty with self-control

The self-control required during the Stroop task was indirectly
measured via the self-reported difficulty of the Stroop task.
Asking participants to rate their subjective experience while
completing the Stroop task may offer an approximate estimate
of how much self-control was required to perform the Stroop
task. Interestingly, the extent to which participants found the
self-control task to be difficult was largely independent of their
approach-motivated tendencies and independently influenced
the change in attentional breadth in the same direction, where
greater difficulty during the self-control task predicted a
narrower attentional focus and less propensity to see the
Bbigger picture,^ or the Bforest for the trees.^ Accordingly,
there was no relationship between difficulty and attentional
breadth for individuals that did the congruent Stroop task in
Experiment 1, where there was no need to exercise self-con-
trol. Individuals who found the task to be easier, either because
they were in the congruent Stroop condition or they excelled in
the incongruent Stroop condition, may have been more likely
to experience a more positive, low-intensity mood, which is
often associated with a more diffuse, broad focus (Fredrickson
& Branigan, 2005; Gasper & Clore, 2002). In contrast, greater
difficulty could be associated with the urgency to utilize re-
sources to act upon the immediate environment and greater
attentional investment, as greater effort may have been neces-
sary for these individuals to complete the task.

The results from this study suggest that the difficulty com-
pleting the task and propensity for individuals to approach are
two mechanisms that affect attentional breadth in the same
direction. They are both associated with narrower attentional
focus, but are largely independent from one another. This
suggests that it is not simply that high-approach-motivated
individuals found the task more difficult, and that the greater
challenge experienced by these individuals accounted for
changes in attentional breadth; there seems to be at least two
mechanisms influencing attentional breadth following self-
control. Research examining the aftereffects of self-control
on attentional breadth should focus on both individuals’ ap-
proach motivation and difficulty while completing the self-
control task.

The role of frontal asymmetry

Frontal asymmetry measures showed high consistency with
each other across time (pre-Stroop vs. post-Stroop Navon),
task (resting vs. pretrial), and electrode location (medial vs.
lateral), which supports the view that frontal asymmetry is a

Atten Percept Psychophys (2019) 81:173–187 183



reliable individual difference measure (Tomarken, Davidson,
Wheeler, & Doss, 1992a). The results here provide some sup-
port for the process model if one were to examine the change
in frontal asymmetry over all participants, in that the margin-
ally significant greater left relative frontal activity following
the self-control task could be due to greater approach motiva-
tion as posited by the process model. However, in the current
study, frontal asymmetry and its changes were unrelated to
attentional breadth and its changes after self-control.
Because the behavioral change was present without the frontal
asymmetry change, the present results provide evidence that
the behavioral change in attentional breadth for high BAS
participants following self-control does not rely on changes
in frontal activation patterns, and that an increase in left frontal
activation is not the mechanism that underlies this effect.

Why might previous studies have observed frontal asym-
metry changes after self-control that differ depending on indi-
viduals BAS, even though no such changes were observed
here? In the present study, frontal asymmetry was measured
in the absence of emotionally salient stimuli, such as positive
or negative images, allowing us to examine whether self-
control can influence frontal asymmetry without emotional
picture viewing. Schmeichel et al. (2016) found that increased
left frontal activity occurred only for individuals that were
high in approach-motivated tendencies and had subsequently
viewed positive images after exercising self-control, suggest-
ing the combination of high approach stimuli and high
approach-oriented individuals was needed (see also Harmon-
Jones, Lueck, Fearn, & Harmon-Jones, 2013, for further evi-
dence and discussion of this point). Greater left frontal activity
was not found when these individuals had viewed neutral
images, suggesting that self-control on its own was not suffi-
cient to examine the relationship between approach motiva-
tion and frontal asymmetry. The finding of the null relation-
ships between asymmetry and attentional breadth in the pres-
ent study after self-control, even in those with high BAS, is
therefore consistent with the null results from the neutral pic-
ture condition of Schmeichel et al. (2016).

There may not have been a strong enough emotional chal-
lenge in the present study to elicit significant changes in fron-
tal asymmetry that differ between the two BAS groups. It is
possible that viewing emotional images after exercising self-
control may influence individuals’ attentional breadth beyond
the effect of exercising self-control alone, and that the effect of
viewing the emotional images after exercising self-control is
what lead to greater relative left frontal activity for high BAS
individuals, as reported by Schmeichel et al. (2016). Indeed,
frontal asymmetry has been proposed to more strongly asso-
ciate with approach motivation when there are explicit cues of
incentive anticipation presented, and these cues were not in-
cluded in the current design (Harmon-Jones & Gable, 2018).

Another finding that replicated previous work was that in-
dividual differences in approach-motivated tendencies,

measured by people’s responses to the well-validated BIS/
BAS questionnaire, did not relate to individual differences in
resting frontal asymmetry. This is consistent with some find-
ings in the literature (Boksem et al., 2012; Neal & Gable,
2017; Wacker et al., 2010) that have also shown no relation-
ship between BAS scores and frontal asymmetry, but is incon-
sistent with others (Coan & Allen, 2003; Harmon-Jones &
Allen, 1997) that have shown associations between greater
relative left frontal activation and higher BAS scores.
However, frontal asymmetry did indeed show qualities of a
stable individual difference measure here and has been shown
in previous work to relate to approach motivation when there
is a stronger emotional experience present (Wacker et al.,
2010). In future experiments, if we were to present an appeti-
tive picture before each Navon trial, we may then see a rela-
tionship between frontal activation patterns and BAS, and see
frontal activation shift to the left hemisphere in high BAS
individuals after self-control. However, the fact that we did
not see this shift in the present study, yet high BAS individuals
still showed the attentional narrowing after self-control, means
that these results strongly suggest that changes in frontal acti-
vation patterns do not underlie the changes in attentional
breadth observed after self-control, for either high or low
BAS individuals.

Conclusion

The results of these two studies show that exercising self-
control influences attentional breadth of high and low
approach-motivated individuals differently where high ap-
proach individuals narrow attention following self-control.
Furthermore, these changes in attentional breadth are unrelat-
ed to asymmetrical frontal cortical activity or its change, sug-
gesting that frontal asymmetry is not the mechanism that un-
derlies changes in attentional breadth with self-control. This is
the first study to determine that changes in attentional breadth
following self-control are not associated with individual dif-
ferences in asymmetrical frontal cortical activity.

This is also the first study to show that greater self-reported
difficulty completing the self-control task was also associated
with narrowing of attention post-self-control relative to pre-
self-control, and the influence of difficulty on changes in at-
tentional breadth was largely independent of the effect of
approach-motivated tendencies.

The results provide some support for the process model of
self-control (Inzlicht & Schmeichel, 2012; Inzlicht et al.,
2014) in that exercising self-control can modulate attentional
breadth depending on individual differences in motivated ten-
dencies. Induced high approach states have been previously
found to promote narrow attentional processing (e.g., Gable &
Harmon-Jones, 2008). Therefore, finding that high approach
individuals become more narrowly focused after self-control
is consistent with the process model’s central premise that
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high approach individuals move toward an approach state
after exercising effortful self-control. As well, the increase in
relative left frontal activity following the completion of self-
control could indicate increased approach motivation as the
model predicts, but it is unclear why individuals’ approach-
motivated tendencies did not moderate the increase in relative
left activity, or why greater relative left activity did not asso-
ciate with narrowed attentional breadth. Finally, the process
model could easily accommodate the findings that ratings of
Stroop difficulty would predict changes in attentional breadth
if it assumed that the more effortful the self-control, the greater
the move toward an approach state overall.
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