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Attentional control (AC) and fear extinction learning are known to be involved in
pathological anxiety. In this study we explored whether individual differences in non-
emotional AC were associated with individual differences in the magnitude and gradient
of fear extinction (learning and recall). In 50 individuals with fear of spiders, we
collected measures of non-emotional AC by means of self-report and by assessing the
functioning of the major attention networks (executive control, orienting, and alerting).
The participants then underwent a paradigm assessing fear extinction learning and
extinction recall. The two components of the orienting network functioning (costs and
benefits) were significantly associated with fear extinction gradient over and above
the effects of trait anxiety. Specifically, participants with enhanced orienting costs (i.e.,
difficulties in disengaging attention from cues not relevant for the task) showed faster
extinction learning, while those with enhanced orienting benefits (i.e., attention facilitated
by valid cues) exhibited faster extinction recall as measured by fear-potentiated startle
and Unconditioned Stimulus expectancies, respectively. Our findings suggest that, in
non-emotional conditions, the orienting component of attention may be predictive of fear
extinction. They also show that the use of fear extinction gradients and the exploration
of individual differences in non-emotional AC (using performance-based measures
of attentional network functioning) can provide a better understanding of individual
differences in fear learning. Our findings also may help to understand differences in
exposure therapy outcomes.

Keywords: attentional control, attentional network functioning, fear extinction, extinction learning, extinction
recall, anxiety disorders

INTRODUCTION

Several attentional and learning processes have been found to play a major role in pathological
anxiety (i.e., anxiety disorders). Recent research suggests that attentional control (AC) and fear
extinction learning feature prominently among such processes (e.g., Bar-Haim et al., 2007; Cisler
and Koster, 2010; Eysenck and Derakshan, 2011; Milad and Quirk, 2012; Heeren et al., 2013;
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VanElzakker et al., 2014; Duits et al., 2015; Hadwin et al., 2016).
In this study, we explore the possible association between these
two processes.

Attentional control is a construct that defines our ability to
regulate attention allocation, including our ability to maintain
sustained attention, ignore distractors, and shift attention
between tasks (Derryberry and Reed, 2002). Deficient AC has
been found to characterize both clinical (Olatunji et al., 2011) and
subclinical anxiety (e.g., Fajkowska and Derryberry, 2010; Sportel
et al., 2013). Such deficits may also account for the attention bias
to threat commonly observed in anxious individuals (Hadwin
et al., 2016). Moreover, such deficits are associated with reduced
ability to regulate emotion (Fajkowska and Derryberry, 2010;
Armstrong et al., 2011; Tortella-Feliu et al., 2014; Hsu et al.,
2015; Morillas-Romero et al., 2015; O’Bryan et al., 2017). AC
can be assessed under emotional conditions (emotional AC, e.g.,
Barry et al., 2013) or neutral conditions (non-emotional AC, e.g.,
Derryberry and Reed, 2002; Pacheco-Unguetti et al., 2011; Richey
et al., 2016).

Fear extinction learning refers to the decrease in fear following
non-reinforced exposure to a feared conditioned stimulus (CS)
and is typically investigated in humans within a differential fear
learning paradigm preceded by a conditioning (i.e., acquisition)
phase. The test of how fear extinction learning is retrieved after
re-exposure to the extinguished CS is usually called extinction
recall. Deficient fear extinction learning (Duits et al., 2015) or
extinction recall (Graham and Milad, 2011; Milad and Quirk,
2012) could be a marker of anxiety disorders (e.g., Graham and
Milad, 2011). Importantly, fear extinction is a form of emotion
regulation (Hartley and Phelps, 2010) and there is evidence
that similar neurobiological mechanisms (i.e., hipoactivity of the
prefrontal cortex) may be involved in fear extinction, reduced
emotion regulation capabilities, and low AC in non-emotional
conditions (Bishop, 2007, 2008, 2009; Hartley and Phelps, 2010;
Milad and Quirk, 2012; Ochsner et al., 2012; Shiba et al.,
2016; Ball et al., 2017). Therefore, individual differences in
AC under non-emotional conditions may be associated with
individual differences in fear extinction, although this has not
been investigated so far, as far as we are aware.

Moreover, fear extinction learning procedures are considered
experimental models for exposure therapy (Craske et al., 2014:
Pittig et al., 2016) and both fear extinction learning (e.g.,
Waters and Pine, 2016; Ball et al., 2017; Forcadell et al., 2017)
and attentional functioning (e.g., Barry et al., 2015a) may be
associated with the outcomes of exposure therapy, and constitute
putative targets for improving such outcomes (Bar-Haim, 2010;
Craske et al., 2012, 2014; Barry et al., 2015b; Mogg and Bradley,
2016; Pittig et al., 2016). A better understanding of the association
between AC and fear extinction may therefore have important
therapeutic implications.

The role of attention in fear learning has been a topic of
research for years (e.g., Mackintosh, 1975; Wagner, 1981; Le
Pelley et al., 2016). Most studies have focused on how attention
allocation changes during or after acquisition (e.g., Beaver et al.,
2005; Koster et al., 2005) or extinction (e.g., Robbins, 1990; Van
Damme et al., 2006; Barry et al., 2016b) affect the magnitude
of learning. Moreover, attentional biases to threat in anxiety

could reflect a much broader dysregulation of AC (Bishop, 2009;
Moriya and Tanno, 2009; Pacheco-Unguetti et al., 2011). The
use of non-emotional stimuli allows to isolate potential general
attention deficits beyond those observed when individuals face
emotional materials (see further below). A few recent studies
have focused on how baseline individual differences in attention
predict the magnitude or gradient (“speed”) of fear extinction
learning (Waters and Kershaw, 2015; Barry et al., 2016a, 2017).

The study by Waters and Kershaw (2015) belongs to the
research tradition that focuses on analyzing how attentional bias
to threat-related information is associated with increased anxiety
(valence-specific models) (for a review see Heeren et al., 2013;
Hadwin et al., 2016). Waters and Kershaw (2015) found that
clinically anxious children who showed attention to threat in a
visual probe task exhibited greater fear extinction learning than
those who avoided threat.

The studies by Barry and colleagues (Barry et al., 2016a, 2017)
represent a second research tradition that has explored how
deficient AC is associated with anxiety vulnerability, and more
specifically with cognitive and inhibitory control impairments
observed in anxious individuals. In two separate studies in
healthy participants, these authors investigated how emotional
AC, as measured by self-report (Barry et al., 2013), was associated
with fear extinction learning (Barry et al., 2016a, 2017). In the first
study, participants were confronted with a perceptually similar
stimulus presented after extinction of the original CS, and it was
observed that higher emotional AC was associated with faster
extinction learning and greater return of fear (Barry et al., 2016a).
In the second study, during extinction learning participants were
confronted with a similar stimulus as during acquisition, and
were instructed to attend toward the common features between
the acquisition and extinction stimuli, or toward the unique
features of the extinction stimulus. For participants who, during
extinction, were instructed to attend toward the unique features
of the extinction stimulus, lower emotional AC tended to be
associated with a greater return of fear (Barry et al., 2017). The
authors suggested that those with low emotional AC may have
been unable to shift attention to other features of the extinction
stimulus, which may have facilitated the return of fear when
confronted with a perceptually similar stimulus.

In the studies mentioned above, individual differences
in attention functioning were investigated using emotional
conditions. We share the view of Heeren et al. (2015b, p. 136)
that the focus on emotional materials has “neglected the empirical
exploration of basic attentional deficits from non-emotional
material,” and precludes the assessment of general attentional
abilities that may be relevant to several clinical phenomena
(see also Snyder et al., 2015). Furthermore, in the two studies
investigating the association between AC and extinction learning,
AC was assessed by self-report (Barry et al., 2016a, 2017). The use
of performance-based tasks (see below) may provide important
information on the role of different attentional networks beyond
general AC (see Heeren et al., 2015a; Heeren and McNally, 2016).

According to the attention system model (Posner and Petersen,
1990; Posner and Rothbart, 2007), attention consists of three
major networks, which can be assessed separately: executive
control, orienting, and alerting (see Posner et al., 2007 for
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a review). The executive control network is specialized in
conflict resolution and voluntary control of attention while
resisting distraction by other competing stimuli. While the
executive control network has traditionally been equated to AC,
some authors have recently expanded the definition of AC to
include the orienting and alerting networks (e.g., Heeren and
McNally, 2016). The orienting network is involved in attention
engagement to new stimuli and attention disengagement from
the current focus. Finally, the alerting network is devoted to
maintaining adequate sensitivity to perceive and process stimuli.
The functioning of these three attentional networks when facing
non-emotional cues has been related to anxiety and emotion
regulation. For example, reduced efficiency of the executive
control and orienting networks has been associated with high
trait and clinical anxiety (Moriya and Tanno, 2009; Pacheco-
Unguetti et al., 2010; Pacheco-Unguetti et al., 2011; Heeren
et al., 2015b; Heeren and McNally, 2016), and faster spontaneous
emotion regulation (Morillas-Romero et al., 2015). Finally,
increased efficiency of the alerting network has been associated
with state anxiety (Pacheco-Unguetti et al., 2010).

In this present study, we explore whether individual
differences in non-emotional AC (defined as a multifaceted
construct including executive control, orienting, and alerting
attentional networks), are associated with individual differences
in fear extinction (learning and recall) in a sample of subclinical
phobic participants (individuals with moderate to strong fear
of spiders). The use of subclinical samples is a valid strategy
for studying anxiety-related processes, can be generalized to
individuals with an anxiety diagnosis (Stopa and Clark, 2001;
Abramowitz et al., 2014) and also has some advantages (e.g.,
avoid comorbidity, medications or the impact from previous
treatments) compared to clinical samples. Furthermore, previous
studies exploring the association between attentional bias to
threat and fear extinction (Waters and Kershaw, 2015) and
between fear learning and treatment outcome (Waters and Pine,
2016) included children with specific phobias, but to the best
of our knowledge, ours is the first study exploring the role of
non-emotional attention and its association with fear extinction
in (subclinical) adult phobic individuals using “truly” non-
emotional stimuli.

We used self-report and performance-based measures of AC
under non-emotional conditions. Fear extinction was assessed
using three different measures: Unconditioned Stimulus (US)
expectancies, Skin Conductance Response (SCR), and Fear-
Potentiated Startle (FPS). Given the well-established association
between trait anxiety and AC (e.g., Pacheco-Unguetti et al., 2010,
2011; Sportel et al., 2011), and between trait anxiety and fear
extinction (Sehlmeyer et al., 2011; Gazendam et al., 2013; Haaker
et al., 2015), we tested the magnitude of these associations after
controlling for trait anxiety.

MATERIALS AND METHODS

Participants
We selected individuals with moderate to strong fear of spiders, as
assessed by a dimensional instrument. Participants were recruited

by advertisement to participate in a study on “physiological
responses to anxiety” (see participants flow chart in Figure 1).
Initially, 1504 individuals were screened with the validated
Spanish version (Forcadell et al., 2014) of the Fear of Spiders
Questionnaire (FSQ; Szymanski and O’Donohue, 1995) via a
secure web system. In the online stage we used online forms
with encryption technology that guaranteed the privacy of the
participants. The information could only be processed by a
person with access to the matrix and passwords. Participants who
scored in the top quartile of the study distribution (FSQ ≥ 33;
n = 386) were invited to participate. Of those, 92 agreed to be
interviewed by a doctoral-level clinical psychologist using the
Mini International Neuropsychiatric Interview (MINI; Sheehan
et al., 1998).

Exclusion criteria were: (a) current or lifetime history of
mental disorders other than specific phobia (animal type,
spiders), as determined by the MINI, supplemented with the
specific phobia section of the Structured Clinical Interview for
DSM (SCID; First et al., 2002); (b) use of medication/illicit drugs
or medical problems that could interfere with study performance
or interpretation; (c) alcohol abuse; (d) pregnancy; (e) not being
Spanish-speaker. Female participants had regular menstrual
cycles (as per self-report), had not used oral contraceptives or
hormone replacement therapy during the previous 3 months (as
per self-report), and participated in the study during their early
follicular phase (days 3–8 of a 28–30-day cycle) to avoid possible
confounding by sex hormones in fear extinction (Milad et al.,
2006; Merz et al., 2012; Pineles et al., 2016). All participants were
tested between 5 and 8 PM.

The final sample consisted of 50 participants with moderate
to strong fear of spiders (MFSQ = 58.98, SD = 17.94;
Mage = 21.50 years, SD = 2.93; 25 women). The number of
participants included in each analysis is reported in Figure 1.
Participants gave written informed consent to take part in the
study, which was approved by the corresponding institution’s
Clinical Research Ethics Committee. Participants were paid €25.

Procedure Overview
Participants took part in two experimental sessions on 2
consecutive days. On day 1, they completed (a) a self-report
measure of AC (Attentional Control Scale; ACS; Derryberry
and Reed, 2002), (b) the trait version of the State-Trait Anxiety
Inventory (STAI-T; Spielberger et al., 1970), (c) a task assessing
attentional network functioning (Attentional Network Test-
Interactions task, ANT-I, Callejas et al., 2004) (see below and
Figure 2A), and they underwent the first part of the fear learning
paradigm (conditioning and extinction learning) (see below and
Figure 2B). On day 2, they participated in the second part
of the fear learning paradigm (extinction recall) (Figure 2C).
Psychophysiological responses were recorded continually during
the fear learning paradigm (see below).

Self-report Measures
Attentional Control
We used the Spanish version (Pacheco-Unguetti et al., 2011) of
the Attentional Control Scale (ACS; Derryberry and Reed, 2002)
to measure individual differences in non-emotional AC (e.g., “My
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FIGURE 1 | Diagram of the sample selection procedure and participants included in each analysis. FSQ, Fear of Spiders Questionnaire; MINI, Mini International
Neuropsychiatric Interview; US, Unconditioned stimulus; SCR, Skin Conductance Response; FPS, Fear-Potentiated startle.

concentration is good even if there is music in the room around
me,” “It is easy for me to read or write while I am also talking on
the phone”). The scale consists of 20 4-point items (1 = Almost
never; 4 = Always), with higher scores indicating higher AC.
The scale is divided into two subscales: focusing (i.e., ability to
intentionally hold attentional focus) and shifting (i.e., ability to
intentionally shift attentional focus). In line with Ólafsson et al.
(2011), item 9 was excluded when calculating the total score.
Cronbach’s alpha for the ACS was 0.70.

Trait Anxiety
We used the Spanish version (Spielberger et al., 1982) of the
STAI-trait (STAI-T; Spielberger et al., 1970) to measure trait
anxiety (e.g., “I worry too much over something that really does
not matter,” “I am content”). It consists of 20 4-point items
(1 = Almost never; 4 = Almost always). Scores range from 0
to 60 in the Spanish version of the STAI-T, with higher scores
indicating higher trait anxiety. Cronbach’s alpha for the STAI-T
was 0.87.

Performance-Based Measures
Attentional Network Functioning
We used the Attentional Network Test for Interactions (ANT-I;
Callejas et al., 2004), a modified version of the Attentional
Network Test (Fan et al., 2002), to assess the functioning of the
three major attentional networks (executive control, orienting
and alerting), and the two components of orienting, namely
costs (i.e., disengagement of attention from invalid cues), and
benefits (i.e., facilitated orientation from valid cues). The task
consisted of four blocks of 48 trials. On each trial, a non-
emotional cue (an alerting tone and/or an asterisk) preceded
an arrow flanked by other distractor arrows (see Figure 2A).
Participants had to indicate the direction of the target arrow
by pressing one of two keys as quickly and accurately as
possible (we measured reaction time and error rate; see below).
Following previous research (Callejas et al., 2004; Pacheco-
Unguetti et al., 2010, 2011) we computed an efficiency index
for each attentional network, and for the two components of
orienting (see Supplementary Methods), where higher scores
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FIGURE 2 | Summary of experimental design. (A) Attentional Network Test-Interactions (ANT-I): Trials began with a fixation point (400–1600 ms). Then, in half of the
trials, an alerting tone is presented (50 ms). In two-thirds of the trials, this is followed after 400 ms by an asterisk as an orienting signal (50 ms) either above or below
the fixation point (cued trials). No asterisk is presented in the remaining third of the trials (uncued condition). Then, the asterisk disappears leaving only the fixation
point. After 50 ms, an arrow flanked by four distractor arrows (two on each side) is presented. The distractors point either in the same direction as the arrow target
(i.e., congruent trials) or in the opposite direction (i.e., incongruent trials), and in the same position as the orienting cue (i.e., valid trials) or at the opposite location
(i.e., invalid trials). Participants have to indicate the direction in which the target was pointing (right or left). After the response, the fixation point is presented for up to
3000 ms. (B) Fear learning paradigm, day 1 (conditioning and extinction learning). A conditioning phase was followed by an extinction learning phase. The visual
contexts were photographs of two different rooms (i.e., conditioning context and extinction context). A lamp switched on to one of two different colors (blue or
yellow), which were the CS+ and the CS–. Participants were not instructed about the CS-US contingency. During conditioning, the CS+ co-terminated with an
electric shock (US). During extinction learning (immediately after conditioning), the CS+ was not followed by the US. The CS– was never followed by the US. (C) Fear
learning paradigm, day 2 (extinction recall). This phase was identical to extinction learning on day 1. The extinguished CS+ and the CS- were presented again in the
extinction context. SOA, stimulus onset asynchrony; RT, reaction time; CS+, conditioned stimulus associated with the unconditioned stimulus during the
conditioning phase; CS–, conditioned stimulus never associated with the unconditioned stimulus; US, unconditioned stimulus.

indicated enhanced functioning of the network (except for
executive control and orienting costs, where higher scores
indicated diminished functioning).

Fear Learning Paradigm
We adapted the paradigm developed by Milad et al. (2005) which
assesses conditioning, extinction learning, and extinction recall
separately. The original task used Skin Conductance Response
(SCR) as the only measure of conditioned fear, and we added
two other measures (Unconditioned Stimulus [US] expectancies
and Fear-Potentiated Startle [FPS]). Briefly, the visual contexts
were photographs of two different rooms (conditioning context,
CX+; extinction context, CX−) containing a lamp that switched
on to one of two different colors (blue or yellow), which were

the CS+ and the CS− (CS not paired with the US). Contexts
and CSs were displayed on a computer monitor in front of
the participant. On day 1, a conditioning phase (in CX+) was
followed by an extinction learning phase (in CX−). During
conditioning, the CS+ co-terminated with an electric shock
(US). The US was individually adjusted before the experiment
(day 1), presenting shocks of gradually increasing intensity
until a ‘definitely annoying but not painful’ shock was selected
[Mshock level = 4.9 milliamperes (mA), SD = 3.3]. Participants
were not instructed about the CS-US contingency. During
extinction learning (immediately after conditioning), the CS+
was not followed by the US. The CS– was never followed by
the US. The extinction learning phase was divided in two equal
parts by a 1-min pause (early and late extinction learning). Day
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2 consisted of an extinction recall phase (in CX−). During day 2,
the CS+ and the CS– were never followed by the US. The US was
not recalibrated during day 2.

Each trial of the experiment started with presentation of
the context for 10, 12, or 14 s. Then the CS was presented
(i.e., the lamp switched on) for 8 s, and a startle probe
(50 ms duration, 100 dB) was delivered 7 s after CS onset.
Between trials, a fixation cross was shown for 1 s. In one third
of the trials (noise-alone trials, NA), no CS was presented,
and instead the context was present for 8 more seconds; the
startle probe was presented at second 7 of this extra time.
The inter-probe interval varied between 18, 20, and 22 s.
Eight trials of each type (CS+, CS–, and NA) were presented
during conditioning, and six trials of each type were presented
during each of the remaining phases (early and late extinction
learning and extinction recall). Trial order was randomized
across participants in blocks of nine trials (three of each type),
with the restriction that no more than two trials of the same
type occurred consecutively. Assignment of the photographs
of the rooms to the conditioning and the extinction contexts,
and of the CS+ and the CS–, was counterbalanced across
participants.

SCR, FPS, and US expectancy ratings were calculated for each
trial type. The SCR signal was sampled at a rate of 125 Hz.
SCR magnitudes were computed in microsiemens (µS) as the
difference between the maximum SCR value and the value at
response onset, occurring 1–7 s after CS onset. Trials in which
no response was detected or with a response magnitude of
<0.02 µS were considered non-response trials (see Dunsmoor
et al., 2009), and trials showing interference or excessive baseline
activity (1.3%) were rejected after visual inspection. To normalize
the distribution of the SCR data, we applied a square root
transformation.

Startle amplitudes were computed in microvolts (µV) as the
difference between the EMG value at response peak and the
average EMG during the 50 ms preceding the probe. If no
response was detected in a given trial, the amplitude was scored as
0 µV. To be considered a valid response, elevations in the EMG
recording had to start between 20 and 100 ms, and their peak
had to occur between 20 and 150 ms after the probe. After visual
inspection, trials with excessive noise (3.2%) were rejected. Raw
data were transformed into T-scores to control for differences
in reactivity. Scorers of SCR and FPS data were blinded to the
stimuli presented.

Regarding US expectancy ratings, for each trial participants
were told to try to predict whether the shock would occur in the
following seconds each time the lamps in the rooms turned blue
or yellow. They had to answer as quickly as possible by clicking on
the scale from 0 (no shock) to 10 (shock) displayed at the bottom
of the screen (see Supplementary Materials-Methods for further
information).

Fear Extinction Indices
For each participant, we calculated an index based on the
magnitude (amount of learning) and an index based on the
gradient (slope of change, i.e., “speed”) for both extinction
learning and extinction recall.

Magnitude-Based Indices
Based on previous research (Rabinak et al., 2013, 2014; Garfinkel
et al., 2014; Pineles et al., 2016), for each participant and each
measure (US expectancies, SCR and FPS) we calculated an
index expressing the “amount of learning,” reflecting differences
between CS+ and CS− during extinction learning and extinction
recall.

The extinction learning index was calculated according to
Pineles et al. (2016): Extinction learning = 100 – ([Mean [CS+]-
[CS−] during the last two trials of early extinction/Mean [CS+]-
[CS−] during the first two trials of early extinction × 100]).
Since the extinction learning index was calculated as a percentage,
higher scores indicated enhanced extinction learning (i.e., less
discrimination between CS+ and CS−).

The extinction recall index was calculated, based on Rabinak
et al. (2013), as the mean of (CS+)-(CS−) in the first
two extinction recall trials. Lower scores indicated enhanced
extinction recall.

Gradient-Based Indices
In line with Barry et al. (2016a, 2017), we computed the slope of
change (i.e., gradient) across extinction learning and extinction
recall trials using the area under the curve with respect to the
decrease in US expectancies, SCR, and FPS scores. For each
participant we calculated the percentage change in the difference
between CS+ and CS− in each trial during extinction learning
and recall relative to the first extinction trial. We used the
percentage change between the first and last extinction trials as
the baseline to account for individual differences in the intercept
of the extinction curves. Lower scores in the gradient-based
indices indicated faster fear extinction learning and extinction
recall.

Statistical Analyses
In manipulation checks, we examined main effects and
interactions between networks and reaction time in the ANT-
I using a factorial mixed ANOVA with executive control
(congruent and incongruent), orienting (valid, invalid, uncued),
and alerting (no alerting, alerting tone) as within-subject factors,
and reaction time as the dependent variable. We also studied
the association between trait anxiety and AC variables using
Pearson bivariate correlations. We also studied the performance
of the sample during the fear learning paradigm using repeated-
measures ANOVA for each phase (conditioning, extinction
learning and extinction recall) and for each measure (US
expectancies, SCR and FPS), with CS type (CS+ vs. CS−) and
Block as within-subject factors. We averaged SCR and FPS
responses over two consecutive trials of the same type (blocks),
and applied Greenhouse–Geisser corrections for main effects and
interactions involving repeated measures. For indices calculated
as a percentage, extreme values (>150% or <−150%) were
excluded.

We used Pearson bivariate correlation analyses to test for
association between AC with fear extinction indices. Following
recent guidelines for the analyses of fear learning data in humans
(Lonsdorf et al., 2017), we performed those analyses with the
whole sample. Since extinction learning can theoretically only
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occur if there is conditioning, and extinction recall can occur only
if there is extinction learning, we repeated our extinction learning
analyses using only those participants showing successful
conditioning, and our extinction recall analyses using only
those participants showing successful extinction learning. The
criteria for establishing successful fear conditioning/extinction
learning were based on Schiller et al. (2012): the differential
SCR to the CS+ and CS− by the end of the conditioning
phase (mean of second half of the conditioning trials) had
to be in the right direction (i.e., CS+ > CS−) and >0.1 µs
for SCR, >1 µV for FPS, or >1 point for US expectancies.
Similarly, the criteria for establishing successful extinction
learning were: differential SCR to the CS+ and CS− by
the end of the late extinction learning phase (last trial) had
to be ≤0.1 µs for SCR, ≤1 µV for FPS, or ≤1 for US
expectancies.

For associations that were significant at p < 0.10, we
conducted hierarchical regression analyses using AC as the
independent variables and fear extinction indices as the
dependent variables. For these analyses, trait anxiety was entered
in Step 1, and the AC variables were entered independently in
Step 2.

Finally, we conducted additional analyses using an alternative
method to calculate indices based on fear extinction gradients
(see Barry et al., 2016a,b).

RESULTS

Manipulation Checks
Our manipulation checks on the ANT-I confirmed (see
Supplementary Table S1 in Supplementary Results) the
typically observed pattern for this task (i.e., reaction times
were significantly shorter in: (i) trials including an alerting
tone than in trials without this tone, (ii) trials including an
orienting signal, and (iii) trials where distractors pointed in
the same direction as the arrow target) (e.g., Callejas et al.,
2004; Pacheco-Unguetti et al., 2010, 2011). Also consistent with
previous literature, trait anxiety was significantly and negatively
correlated with AC (see Supplementary Results). Regarding
the associations between performance-based and self-reported
AC, the overall AC scale was only significantly correlated
with performance-based executive control (r = −0.438;
p = 0.001), with a higher self-reported AC indicating a lower
interference (i.e., greater executive control). The focusing
AC subscale was positively associated with interference (i.e.,
lower executive control) (r = 0.323; p = 0.022). No significant
correlations were found between self-reported AC and the
orienting and alerting networks functioning. All the correlations
are depicted in Supplementary Materials, Supplementary
Table S2.

For all measures (US expectancies, SCR, FPS), we found
evidence of successful conditioning (i.e., higher response to the
CS+ than the CS− in the last block of conditioning), which
allowed us to investigate fear extinction learning. We also found
evidence of extinction learning (i.e., similar response to the
CS+ and CS− in the last block of extinction) for all measures

(US expectancies, SCR, FPS), which allowed us to investigate
extinction recall. For further details, see Supplementary Results.

Correlational Analyses
Relationship between AC and Fear Extinction
Magnitude-Based Indices
None of the AC variables investigated was significantly correlated
with fear extinction learning or recall, as measured by the
magnitude-based indices (Table 1).

Relationship between AC and Fear Extinction
Gradient-Based Indices
The two orienting network components (costs and benefits)
showed a significant negative association with fear extinction
(see Table 2). For the whole sample, orienting benefits (i.e.,
facilitated orientation) were inversely correlated with our
gradient-based index of extinction recall, as measured with
US expectancies (r = −0.358; p = 0.044), indicating that
enhanced facilitated orientation was associated with faster
extinction recall (see Table 2). When only those participants with
successful conditioning and extinction learning were included
in the analyses, orienting costs were inversely correlated with
our gradient-based index of extinction learning using FPS
(r = −0.493; p = 0.038), indicating that greater difficulty in
disengaging attention from invalid cues was associated with faster
extinction learning. Moreover, orienting benefits were inversely
correlated again with our gradient-based index of extinction
recall, as measured by US expectancies (r = −0.424; p = 0.025).
We found no other significant associations between AC and fear
extinction learning or recall.

Scatter plots for the main findings can be found in the
Supplementary Materials (Supplementary Figure S1).

Predictive Power of AC on Magnitude and Gradient
of Fear Extinction
Results from the hierarchical regression analyses (Table 3)
showed that, after controlling for trait anxiety, orienting costs
were a significant predictor of extinction learning gradient
(as measured by FPS), accounting for 27.4% of its variance
(F[2,15] = 4.91, p = 0.023, R2

Adjusted = 0.27). In other
words, greater difficulty in disengaging attention from invalid
neutral cues predicted faster extinction learning beyond what is
attributable to trait anxiety.

After controlling for trait anxiety, orienting benefits were
also a significant predictor of extinction recall gradient (as
measured by US expectancies), accounting for 12% of its variance
(F[2,25] = 3.50, p = 0.046, R2

Adjusted = 0.12). Thus, facilitated
orientation by valid neutral cues predicted faster extinction recall
beyond what is attributable to trait anxiety.

Additional Analyses
When we calculated the gradient of fear extinction considering
only the response to the CS+ (instead of the difference between
CS+ and CS−) (Barry et al., 2017), we found that enhanced
alerting was associated with faster extinction recall (as measured
by FPS) (r =−0.695; p= 0.008) (see Supplementary Table S3).
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TABLE 3 | Summary of hierarchical multiple regression analyses predicting fear extinction.

1R2
adjusted B SE B 95% CI β p

Extinction recall magnitude

US expectancies

STAIT −0.021 −0.030 0.066 [−0.16, 0.10] −0.030

ACS Focusing 0.017 −0.259 0.135 [−0.53, 0.01] −0.259 0.166

F (2,42) = 1.87

SCR

STAIT −0.060 0.002 0.005 [−0.009, 0.013] 0.101

Orienting_ Costs 0.061 0.006 0.003 [0.000, 0.011] 0.475 0.149

F (2,15) = 2.17

FPS

STAIT −0.062 −0.201 0.442 [−1.16, 0.76] −0.114

Orienting_ Benefits 0.074 0.632 0.322 [−0.06, 1.32] 0.496 0.165

F (2,12) = 2.10

Extinction learning gradient

SCR

STAIT 0.124 61.03 113.99 [−180.64, 302.69] 0.177

Executive control −0.003 32.99 33.91 [−38.89, 104.89] 0.321 0.138

F (2,16) = 2.24

FPS

STAIT 0.041 −93.53 107.94 [−323.61, 136.54] −0.209

Orienting 0.059 −64.48 44.97 [−160.32, 31.37] −0.346 0.177

F (2,15) = 1.95

STAIT 0.041 −176.90 90.94 [−370.73, 16.94] −0.395

Orienting_Costs 0.274∗ −100.15 36.82 [−178.63, −21.66] −0.552 0.023

F (2,15) = 4.91

STAIT 0.041 −136.52 98.17 [−345.76, 72.72] −0.305

Alerting 0.142 67.43 34.63 [−6.39, 141.24] 0.427 0.086

F (2,15) = 2.91

Extinction recall gradient

US expectancies

STAIT −0.038 0.96 3.23 [−5.76, 7.67] 0.055

Orienting 0.024 −2.66 1.37 [−5.48, 0.16] −0.364 0.171

F (2,25) = 1.90

STAIT −0.038 3.75 3.33 [−3.12, 10.61] 0.215

Orienting_Benefits 0.118∗∗ −4.50 1.70 [−8.00, −0.99] −0.505 0.046

F (2,25) = 3.50

FPS

STAIT −0.111 30.07 35.57 [−51.95, 112.08] 0.257

Executive control 0.106 −21.54 9.86 [−44.28, 1.20] −0.664 0.154

F (2,8) = 2.39

US, unconditioned stimulus; SCR, skin conductance response; FPS, fear-potentiated startle; STAIT, State-Trait Anxiety Inventory, trait version. Significant values in bold.
∗p = 0.016; ∗∗p = 0.014.

DISCUSSION

In this paper, we found that individual differences in self-
reported non-emotional AC are not significantly associated
with fear extinction learning and recall. However, we did find
that the two components of orienting network functioning are
significantly negatively associated with fear extinction learning
and recall beyond that accounted for by trait anxiety. Specifically,
participants with enhanced orienting costs (i.e., difficulties in
disengaging attention from cues not relevant for the task) showed
faster extinction learning, while those with enhanced orienting

benefits (i.e., facilitated orientation by valid cues) exhibited faster
extinction recall as measured by FPS and US expectancies,
respectively.

The lack of a significant association between self-reported
non-emotional AC and fear extinction is at odds with the findings
of Barry et al. (2016a), who reported that higher self-reported
emotional AC was associated with faster fear extinction learning.
In our calculation of the extinction gradients, we considered the
difference between CS+ and CS− in each trial; however, when
we used the same criteria as Barry and colleagues (Barry et al.,
2016a,b) (i.e., considering only the response to the CS+) the
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results did not change (see Supplementary Table S3). The main
difference between Barry’s studies and ours is that we measured
AC in non-emotional conditions whereas Barry et al. (2016a,
2017) measured emotional AC. This underlines the importance
of the distinction between emotional and non-emotional AC.

Our results on orienting network functioning are not easily
comparable to previous research because, to our knowledge,
this is first study to analyze how individual differences in
the functioning of attentional networks under non-emotional
conditions are associated with individual differences in fear
extinction learning and recall. Our results on orienting costs
resemble those reported of Waters and Kershaw (2015) using
threat-related stimuli. While Waters and Kershaw (2015) found
that higher allocation to threat was a predictor of higher extinction
learning, we found that lower capacity for disengaging attention
from irrelevant cues was a predictor of faster extinction learning.
It may be that both processes tap into a similar construct that
becomes apparent using both threat-related and non-emotional
conditions. Consistent with this, Heeren et al. (2015b) stated that
specific impairment of the orienting network, such as difficulty
in disengaging attention from task-irrelevant distractors, may
be a mechanism underlying attentional bias. Then, during fear
extinction learning we could assume that people with greater
orienting costs with non-emotional stimuli also display higher
attentional allocation to the CS+ that speeds up the extinction
learning process.

However, this interpretation conflicts with data showing that
higher self-reported emotional AC is positively associated with
faster extinction learning, as shown by Barry et al. (2016a).
Nevertheless, in the study by Barry et al. (2017), a different
stimulus was presented during extinction learning and during
conditioning. The authors interpreted that participants with
high AC were better able to shift attention from the common,
threatening features of the original CS+ to the distinct features
of a different but similar CS+, therefore “speeding up” the
extinction learning process.

The fact that orienting costs and orienting benefits showed
a different association with extinction learning and recall also
suggests that distinct attentional capabilities may have different
relationships with various fear learning processes. This is also
consistent with previous studies showing that extinction learning
and extinction recall are independent processes (Phelps et al.,
2004; Milad et al., 2007; Quirk and Mueller, 2008).

In a previous study, Morillas-Romero et al. (2015) reported
that, under non-emotional conditions, orienting network
functioning was not related to spontaneous emotion regulation,
but with explicit emotion regulation styles. To our knowledge,
ours is the first report showing that individual differences in
orienting network functioning under non-emotional conditions
are related to a form of spontaneous emotion regulation (i.e.,
fear extinction). Our results underline the potential prominence
of the orienting component of attention in anxiety and related
processes, as shown recently by Heeren et al. (2015b), Heeren
and McNally (2016) in adults with social anxiety disorder.

We also explored the contribution of the alerting network to
fear extinction, and found that enhanced alerting was associated
with faster fear extinction recall. Previous studies (Tortella-Feliu

et al., 2014) have shown that the alerting network is related
to self-reported emotion regulation strategies (i.e., enhanced
alerting predicts a higher probability of suppressing distressing
cognitions). Therefore, there seems to be a positive relationship
between alertness and emotional regulation, and future research
will need to investigate this relationship further.

Our results could have several methodological and clinical
implications. From a methodological perspective, our data
indicate that fear extinction gradients can provide a better
understanding of individual differences in fear learning (and,
more generally, a broader view of fear learning processes) than
those offered by “static” fear indices, as previously observed
by Barry et al. (2016a, 2017). They support that the empirical
exploration of individual differences in non-emotional AC can be
relevant for several clinical phenomena, as recently emphasized
by Heeren et al. (2015b), and shown here for extinction learning
and recall. Furthermore, our results highlight the utility of
performance-based measures of attentional network functioning
beyond general and self-reported AC.

Taken together with previous studies on the association
between both fear extinction (e.g., Waters and Pine, 2016; Ball
et al., 2017) and attentional functioning (e.g., Barry et al.,
2015a) and exposure-based interventions, our results suggest
that differences in the orienting network functioning may
explain differences in exposure therapy outcomes, a question that
deserves to be explored in future studies.

Our result may also have implications for other forms
of psychological interventions, especially attention training.
Attention training is a generic term that refers to repetitive
“practice in conflict-related tasks, working memory tasks or
others tasks involving executive control mechanisms” (Tang and
Posner, 2009, p. 222) that requires directed effortful attention
control. Importantly, most of these interventions train attention
using non-emotional materials, as is the case of the attention
training technique for anxiety disorders (Fergus and Bardeen,
2016; Knowles et al., 2016). However, in the field of anxiety
disorders the most common attention intervention is attention
bias modification (ABM) training (Bar-Haim, 2010). Positive
results on the use of ABM, mainly as an add-on to cognitive
behavior therapy, have been reported in several anxiety disorders
(Linetzky et al., 2015). However, results on the efficacy of these
interventions are inconsistent (Mogoaşe et al., 2014; Kuckertz
and Amir, 2015), and some authors have called for ABM
procedures to be improved (Mogg and Bradley, 2016). Notably,
although these procedures are intended to train participants
to disengage attention from threatening information, several
studies have found that any active attentional training procedure
will reduce anxiety symptoms, including procedures that use
only neutral stimuli (Klumpp and Amir, 2010; Heeren et al.,
2015c). Heeren et al. (2015c) also reported that several attention
training procedures improve the executive control and alerting
components of AC, but not the orienting one, in socially anxious
patients. Therefore we propose that attentional training with
neutral stimuli should be further explored as a way to improve
AC, especially by directly manipulating the orienting network, as
proposed by Heeren et al. (2015b). This in turn could be related
to increased effectiveness of exposure.
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Our study has several strengths. It is the first to explore
the association between non-emotional AC and fear learning.
Moreover, we measured fear learning using three different fear
measures, controlled for some variables that are known to affect
fear learning (menstrual cycle, time of the day), and used both
magnitude and gradient-based measures. Also, our AC variables
included self-reported and performance-based measures. We
included analyses and results for the whole sample and only for
those participants with successful conditioning and extinction
learning. Finally, while previous studies focused on extinction
learning, we also studied extinction recall.

We also note some limitations. Participants in our study were
individuals with moderate to strong fear of spiders, which also
involves disgust, not only fear (Cisler et al., 2009), and this
may affect some of the processes investigated. Second, in the
paradigm employed here conditioning and extinction learning
occurred consecutively with no time for longer consolidation
of fear conditioning. Third, some of our analyses including
only participants with successful conditioning and extinction
learning (those involving SCR and FPS measures and magnitude-
based indices) were based on relatively small samples (less than
a half of the whole sample for some analyses). However, the
main findings from these analyses are fully consistent with those
obtained using the whole sample (n = 50), which is a relatively
large one for fear learning psychophysiological experiments using
a 2-day procedure, compared to many previous studies (e.g.,
Milad et al., 2005; Rabinak et al., 2013, 2014; Garfinkel et al.,
2014; Pineles et al., 2016). We computed post-hoc power (two-
tailed) for our significant bivariate correlations using sample
size, the effect size, and the alpha error (0.05). We had 53–63%
(moderate) power to detect a significant correlation between
the orienting network functioning and extinction learning and
recall. This indicates that Type II error probability was still
relatively high in our study, and therefore a replication with
larger samples is warranted to ensure the generalizability of our
findings. Finally, most significant findings could not be replicated
across different fear measures, although this is consistent with
many previous fear-learning studies (e.g., Sevenster et al.,
2014).

Despite these limitations, we consider that these results
contribute to a better understanding of how non-emotional
AC is related to fear extinction learning and recall. The most
important theoretical contribution is that attentional biases to
threat in anxiety could reflect a much broader dysregulation of
AC observed in face of non-emotional material.

In summary, in this exploratory study we showed that
orienting network functioning is related to fear extinction
learning and recall over and above trait anxiety. To the best of
our knowledge, this is the first study that links non-emotional AC
to fear extinction. An important avenue for future research is to
explore the association between AC and anxiety treatments (i.e.,
exposure therapy).
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