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Abstract

Some of the visual world is relevant to our goals and needs. Much more is not. A
problem we face frequently in day-to-day living is that we are distracted by what is not relevant
to our goals at the cost of attention towards what is. Emotional stimuli in particular have been
shown to be very effective distractors, out-competing task-relevant stimuli for our attentional
resources (Carreti¢, 2014; Pessoa, 2005; Pourtois et al., 2013).

How often emotional distractors occur can alter our ability to ignore them and remain
task focussed (Grimshaw et al., 2018; Schmidts et al., 2020). The Dual Mechanisms of Control
framework (Braver et al., 2007; Braver, 2012) suggests that, because we can expect upcoming
distractors when they occur frequently, we can effectively avoid distraction through proactive
control; the use of effortful preparatory cognitive control strategies.

That said, when distractors are frequent, we also become more experienced with them,
and resolving the attentional conflict they create. The present investigation spanned two
experiments assessing whether expectation of upcoming distractors would elicit proactive
control while holding the experience of previous distractors constant. In Experiment 1
participants performed a simple perceptual task at fixation while neutral or negative task-
irrelevant images appeared peripherally on 25% of trials, either predictably in sequence (every
fourth trial) or randomly. Expectation of distraction did not improve participants’ ability to
avoid emotional distraction. A paradoxical expectation effect was also found wherein
distraction was increased rather than decreased when distractors occurred predictably.

In Experiment 2 distractors appeared either predictably (every fourth trial), on a random
25% of'trials, or on a random 75% of trials. However, neutral and emotional images were now
presented at fixation with the perceptual task presented above and below. Greater distractor
frequency led to lower distraction and expectation of upcoming distractors again did not
improve control, although a paradoxical increase in distraction was not replicated.

Findings indicate that expectation of upcoming distractors alone is not sufficient to
drive individuals to implement proactive control. Rather, distractor frequency is suggested to
drive proactive control through implicit changes in top-down control settings based on
experience. While the processes behind experience-driven proactive control are unclear,
conflict adaptation and selection history are discussed as possible mechanisms of experience-
driven proactive control. Critically, present findings also indicate that emotional stimuli may

present a unique challenge to our ability to control our attention.
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Learning to Expect the Predictable: The Role of Expectation in the Cognitive Control of
Attention

To effectively navigate day-to-day living, we must be able to apply attention
selectively, attending to what is relevant to our goals at the detriment of what is not. When our
limited attentional resources are instead captured by that which is irrelevant, i.e. if we are
distracted, our goals are harder to achieve. Emotional stimuli pose substantial risk of distraction
because they are salient, acting as signals of threat and reward, and often irrelevant to our
immediate goals (Carretié, 2014; Ohman et al., 2001; Schupp et al., 2007). However, when
emotional stimuli outcompete contextually more relevant stimuli, how does our attention stay
focussed on what it is supposed to be?

One factor which can affect our ability to avoid distraction is how often irrelevant
emotional stimuli appear. When emotional stimuli occur frequently, we can effectively ignore
them. What is unclear is why the frequency of these distractors modifies how well we control
our attention. It is assumed that, when emotional distractors occur frequently, we are more able
to expect and therefore prepare for them in advance. However, there is a problem with this
assumption; when distractors are more frequent, we also gain more experience with them and
the conflict they induce.

The divide between the influence of expectation and experience has implications as to
how we understand the influence of emotion on selective attention and cognitive control.
Furthermore, understanding how we control our attention in the face of potent distractors may
provide insight into the psychopathology of those who experience greater susceptibility to
emotional distraction (e.g. individuals high in psychopathy or individuals with depression;
Kalanthroff et al., 2016; Mitchell et al., 2006; Wang et al., 2008).

In this thesis, I present two experiments which assess whether expectation of upcoming
emotional distractors determines the type of control mechanisms used to ignore them and
remain focussed on immediate goals. In Experiment 1 I compare distraction by emotional and
neutral images when distractors are infrequent but unpredictable as opposed to infrequent but
occurring in a predictable sequence. Experiment 2 is a replication of the first experiment which
further compares performance when distractors are rare and predictable to a high-expectation,
high-experience condition where distractors are frequent and unpredictable.

Distraction by Emotional Stimuli

Visual stimuli compete for a limited pool of attentional resources (Desimone & Duncan,

1995). Attention and further processing are given to stimuli which can win out in this

competition, at the cost of attention to others. Competition for attentional resources can be
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biased based on top-down goal-directed factors, bottom-up stimulus-derived features (such as
movement or onset; Connor et al., 2004) or the history of previous attentional selection (Awh
et al., 2012; Theeuwes, 2019). Thus, how we allocate our limited attentional resources depends
on aspects of the stimuli, our previous attentional allocation, and our own goals, suggesting an
intricate combination of environmental and self-generated biases.

Emotional stimuli (i.e. stimuli associated with emotional content, people, objects or
events), often outcompete other stimuli for attentional resources (Brosch et al., 2010; Carretié,
2014; Carreti€ et al., 2004; Pool et al., 2016; Pourtois et al., 2013). But what drives this bias?
Pourtois and colleagues (Pourtois et al., 2013), suggest that emotional stimuli are able to bias
attentional competition, beyond the influences of top-down guidance and bottom-up features,
due to their motivational value. As an example, negatively valenced or fear relevant emotional
stimuli, such as gore or dangerous animals, can be indicative of bodily harm to the viewer,
while positively valenced emotional stimuli, such as erotica, are linked to possible reward
(Brosch et al., 2010; LeDoux, 2012; Ohman et al., 2001). Clearly, there is benefit to survival
in quickly detecting the snake in the grass (Ohman et al., 2001) or seeking a reproductive
partner (Most et al., 2007; Pessoa, 2009). Not only are we motivated to attend to emotional
stimuli, it is evolutionarily adaptive to do so.

The inherent salience of emotional stimuli can however become problematic. We
interact with many emotional stimuli in our day-to-day living and often these emotional stimuli
are irrelevant to our needs or goals. Hence, we are often susceptible to emotional distraction,
specifically defined here as the capture of attentional resources by emotional stimuli when they
are irrelevant to current goals. A method that has been used to study emotional distraction is
the emotional irrelevant-distractor paradigm (Grimshaw et al., 2018; Gupta et al., 2016; Walsh
et al., 2018, 2019). In this adaptation of the irrelevant-distractor paradigm (Forster & Lavie,
2008), participants are presented with a simple perceptual task (e.g. identify a letter within an
array), accompanied on some proportion of trials by emotional or non-emotional distractor
images. Key here is the level to which emotional and neutral stimuli differentially disrupt task
performance. Typically, participants are slower in responding to the letter array when
emotional relative to neutral images are used as the task-irrelevant distractor, indicating greater
distraction by emotional than neutral stimuli.

Task performance can be seriously undermined when attentional resources should be
directed toward stimuli which are task relevant but instead are captured by emotional and

irrelevant distractors. The very value of emotional stimuli as environmental signals therefore
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also allows them to be very effective distractions. The important questions are then whether,
and how, we can control attention and avoid emotional distraction.
Control of Attention and Emotional Distraction

Broadly, cognitive control! refers to mechanisms which are implemented to generate
and maintain task goals (Gratton et al., 2018), typically, in response to the presence of conflict
in the environment (Braver, 2012; Gratton et al., 2018). Conflict arises when concurrent
processes seek access to the same resources, as is the case when task-relevant and task-
irrelevant visual stimuli compete for the same pool of attentional resources (Botvinick et al.,
2001; Pessoa, 2009). In practice this means that adequate cognitive control can resolve the
conflict between goal-relevant and goal-irrelevant stimuli (e.g. emotional distractors) in a way
that favours goal attainment, regardless of the relative salience of the irrelevant stimulus.

The dual mechanisms of control (DMC) framework (Braver, 2012; Braver et al., 2007),
suggests that the implementation of cognitive control is based on the relative use of two
different types of control mechanisms: proactive and reactive. Proactive control involves the
maintenance of goal relevant information, allowing individuals to bias attention or action
optimally and prior to the occurrence of conflict. On the other hand, reactive control is
corrective, used only after the occurrence of conflict to bring behaviour or attention back in
line with goals.

A strength of the DMC framework is in its explanation of the dynamic nature of
cognitive control; our ability to apply the appropriate levels of cognitive control given the
changing demands of the environment. The relative use of either reactive or proactive
mechanisms is thought to depend on a cost-benefit analysis of their use. Proactive control is
more effective than reactive control but also more costly (Aron, 2011). Consequently, proactive
control is only used when the benefit of proactive mechanisms offsets the cost of their
implementation. Reactive control is then relied on as a “default state”, leading to less costly
but also less effective control that can be implemented responsively. In this way, control
mechanisms can be appropriately “metered out” given the contextual need for their use.

The qualitatively distinct nature of proactive and reactive control has been shown by
neuroimaging studies. The pre-frontal cortex (PFC) is thought to be critical to the
implementation of top-down/executive control functions, which control cognition and

behaviour in light of overall goals and needs (Gratton et al., 2018; Katsuki & Constantinidis,

! Care should be taken to consider cognitive control in terms of the language used in the field (see Gratton et al.,
2018, for discussion) but the terms attentional control, cognitive control and executive function are often used
interchangeably. The term cognitive control will primarily be used from here on.



EXPECTATION AND THE COGNITIVE CONTROL OF ATTENTION 4

2014). Reactive control is associated with post-conflict PFC activation, suggesting corrective
action after conflict detection (Braver et al., 2009; Braver, 2012). Proactive control is often
associated with sustained increases in PFC activation, reflecting the active maintenance of task
goals (Braver et al., 2009). Hence effortful proactive control reflects sustained activity allowing
individuals to be prepared to mitigate conflict or cognitive demand prior to its occurrence.
However, evidence has also been shown for anticipatory/pre-conflict PFC activation, reflecting
more dynamic proactive control, implemented prior to conflict occurrence (De Pisapia &
Braver, 2006).
Expectancy and Manipulating Frequency

Shifting the cost/benefit assessment in favour of a more proactive style of cognitive
control can improve one’s ability to control attention. As an example, Walsh et al. (2019) found
less distraction, in terms of both accuracy and reaction time (RT) by both emotional and neutral
task-irrelevant distractors when participants were rewarded for good task performance since
the benefits of more costly control were increased. Previous studies find a similar shift to
proactive control when conflict occurs frequently. It is assumed that when conflict is frequent,
participants build an expectation of upcoming conflict (i.e. the explicit and advance knowledge
of future likelihood of conflict) and can therefore prepare resources in advance (Braver, 2012;
Bugg et al., 2015). The cost of preparation is then offset by the benefits of improved control
(i.e. proactive control becomes cost-effective). Conversely, when conflict occurs rarely, there
is lower expectation of upcoming conflict and the cost of proactive control is likely to be
wasted.

Frequency effects have been previously shown in flanker, Simon, task switching and
Stroop tasks (Bugg & Crump, 2012; Duthoo et al., 2012; Gratton et al., 1992; Hutchison et al.,
2016); examples of traditional response-conflict paradigms. The Stroop task (Stroop, 1935), is
typically thought to be the gold standard of methods for assessing cognitive control. In the
Stroop task, names of colours are presented to participants in a print colour that is congruent
or incongruent with the word meaning. Participants must then report the colour in which the
word is printed. The typical Stroop effect is seen when participants take longer to report the
colour when the word and colour are incongruent as opposed to congruent. Frequency effects,
commonly referred to as proportion congruency effects in Stroop studies (Jiang et al., 2014;
Logan & Zbrodoft, 1979), are achieved by altering the proportion of congruent and incongruent
trials. The magnitude of the Stroop effect is typically seen to diminish when the proportion of
incongruent trials is high (i.e. conflict is frequent) relative to when the proportion of

incongruent trials is lower.
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Frequency effects have also been shown in the resolution of perceptual conflicts (i.e.
the resolution of conflict between visual stimuli for attentional resources). In Geyer et al.
(2008), participants were shown item arrays wherein a single shape (a green circle) contained
a task relevant target. A salient distractor (a red square) was present concurrently on either
20%, 50% or 80% of trials. The difference in RT between the distractor-present and distractor-
absent trials was significant in the 20% and 50% conditions but not in the 80% condition.
Distraction was therefore substantially reduced when distractor frequency was high relative to
when it was low. Similar results are reported using the same paradigm by Miiller et al. (2009).
Here initial exposure to a 100% distractor frequency block reduced distraction on all
subsequent blocks of trials with sequentially decreasing distractor frequency, suggesting a
sustained heightening of cognitive control. Distraction by neutral task-irrelevant stimuli can
therefore be avoided when they occur frequently.

But what if we were inherently biased to attend to distractors? Does increased distractor
frequency also improve control over the attentional conflict brought on by emotional
distractors? An example, again, is the emotional irrelevant-distractor task used by Grimshaw
etal. (2018), who found decreased distraction by positive emotional images (scenes of erotica),
negative emotional images (scenes of mutilation and gore) and neutral images when distractors
are presented frequently. Distraction by negative and positive emotional stimuli was greater
than distraction by neutral stimuli when distractors were rare (25% of trials). In contrast, when
distractors occurred frequently (75%), distraction by images of all valences was low. Hence
when distractors occurred frequently, so that participants had reasonable expectation of
distraction on any given trial, emotional stimuli were ignored just as well as neutral stimuli.

Schmidts et al. (2020) observed similar findings in an irrelevant-distractor design
wherein participants were asked to indicate if a letter, presented alongside an irrelevant
distractor, preceded or followed the letter M in the alphabet. Trials were also preceded by either
an informative or uninformative valence cue. Participants were shown trial blocks containing
predominantly negative (emotional distractors are frequent) or predominantly neutral
distractors (emotional distractors are rare). Considering only the uninformative cue trials, when
negative distractors were rare, RT to negative distractors was substantially greater than to
neutral distractors. However, when negative distractors occurred frequently, distraction by both
negative and neutral trials was reduced to similar levels. The frequency of emotional distractors
therefore modified participants ability to effectively control their attention.

The Divide Between Experience and Expectation
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In both Grimshaw et al. (2018) and Schmidts et al. (2020), improved attentional control
was suggested to be the result of proactive control engagement, induced by increased
expectation of distraction, in line with the DMC framework (Braver, 2012). Recently, however,
expectation-based explanations for frequency effects have been questioned. An alternative
explanation is that it is the experience of conflict that drives proactive control implementation.
As we are exposed to an environment, we develop some history of interaction with sources of
conflict. A selection history account (Theeuwes, 2019) suggests that the previous outcomes of
selective attention can bias the competition between stimuli for attentional resources. Similarly,
others argue that frequent online adjustments in cognitive control may emerge from previous
experience with conflict (e.g. Melara & Algom, 2003). Experience may then bias us to adopt a
more proactive control style independently of expectation of upcoming conflict.

The concern for studies manipulating conflict frequency is that experience and
expectation are usually confounded. Greater frequency of conflict (either at the response or
perceptual level) affords more exposure to conflict while also supposedly building expectation.
Studies seeking evidence for an expectation-based account of improved cognitive control must
therefore increase the expectation of upcoming conflict without altering the frequency with
which conflict occurs.

Cueing? upcoming conflict-present trials makes the conflicting event predictable,
increasing expectation without also modifying a participants’ experience with conflict. An
early example is provided by Logan and Zbrodoff (1982), who applied a purely expectancy-
based approach by cueing upcoming conflict. Participants were asked to identify whether the
word “ABOVE” or “BELOW” was presented above or below a fixation point. A pre-trial cue
(word/location) truthfully indicated whether the location of the word was congruent (e.g. the
cue ABOVE/above) or incongruent (e.g. the cue ABOVE/below) with its meaning. Consistent
with an expectation-based account of control, participants produced faster RTs on a conflicting
trial when conflict was cued as opposed to when they were unaware of an upcoming conflict.

An array of more recent studies have incorporated cues into traditional cognitive control
paradigms. Bugg and Smallwood (2016) presented pre-trial cues to participants in a four-choice
Stroop task® at varying cue-to-stimulus intervals. Participants also completed uninformative
trial blocks during which a sequence of nine Xs were presented in place of a cue. Critically,

the frequency of incongruent trials was held at 50% on each block of trials, equating the

2 Note that “cues” here refers only to cues of upcoming presence of conflict. The present arguments are therefore
not concerned with spatial cuing or temporal cueing.
3 Four words each appearing equally often in each of the four colours.
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experience of conflict across the cued and uncued blocks. RTs were faster when participants
were given pre-trial cues and were able to predict upcoming trial type, with a stronger effect of
cues for congruent than incongruent trials. The benefit of cueing was found to be significant
for congruent trials across all cue-to-stimulus intervals (500, 1500, 2000 ms). For incongruent
trials, a pre-cue benefit (the difference between RTs of cued and uncued trials) occurred only
when a 2000 ms cue-to-stimulus interval was used. The key finding here is that making
incongruent trials predictable (increasing expectation) improved participants’ ability to ignore
task-irrelevant information (the meaning of the word) and focus on the task relevant
information (print colour), but only when given adequate time to prepare.

A similar effect in a Stroop-like task was reported by Aarts and Roelofs (2010) who
also included invalid and neutral pre-trial cues. RTs to validly cued incongruent trials were
faster, and invalidly cued trials slower, relative to the neutrally cued trials. The same benefit of
cues held for congruent trials. Therefore, valid cues not only allowed participants to anticipate
upcoming conflict but also worsened performance when expectations were contradicted.
Outside the realm of Stroop-like tasks, expectation-based cognitive control, via explicit cueing,
has also been reported in other response conflict tasks such as the flanker task (Correa et al.,
2008), and task switching paradigms (Dreisbach et al., 2002; Monsell et al., 2003).

Evidence of expectation-driven control is however not limited to tasks which induce
response conflict. Using a task which induces perceptual conflict, Havlicek et al. (2019)
presented participants with a search array containing one task-relevant item (a square with a
corner missing containing either a vertical or horizontal line) amidst identically coloured
complete squares and one bright distractor square. Participants were then asked to report the
orientation of the line within the target. A pre-trial cue was presented on some trials which
indicated that a distractor would be present (and whether it was going to be presented to the
left or right of fixation) or that no distractor would appear. Participant accuracy was found to
increase when a distractor was cued as opposed to when it was not. Multiple paradigms,
including both response and perceptual conflict-based tasks, therefore show evidence of a
control benefit when conflict is expected.

Evidence has also been found for an expectation benefit without explicit cueing
(Jiménez et al., 2019) suggesting that cues themselves are not simply modifying control settings
regardless of expectation of upcoming conflict. In task-switching studies for example,
participants are given two experimental tasks with each trial requiring a response specific to
one of these tasks. Conflict occurs between the responses to the different task sets, with

participants needing to select the correct response while responses to tasks are inhibited. The
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upcoming task is typically cued to indicate which response is required (Braver et al., 2003).
However, in the alternate run task (Rogers & Monsell, 1995), task switches occur in predictable
sequence (once every fixed number of trials) without explicit cues (Andreadis & Quinlan,
2010; Koch, 2003; Kray & Lindenberger, 2000). Switch cost (the RT difference between
switched task and repeated task trials) is still reduced in this paradigm when sequences of trials
are predictable with participants relying only on the sequence of trials to build expectation
(Monsell et al., 2003).

The above studies provide evidence that proactive control can be driven by expectation.
However, there are studies which show that cues do not always benefit control. An example is
Bugg et al. (2015), who compared the separable effects of cues and conflict frequency on
Stroop task performance. In their first experiment, participants were shown either mostly
incongruent trials (high conflict frequency) or mostly congruent trials (low conflict frequency)
in sets of 10. Prior to some trial sets, participants were given valid proportion pre-cues
informing them of upcoming conflict frequency (e.g. 80% matching or 80% conflicting). For
other trial sets participants instead had to rely on acquired experience within the trial set (e.g.
no cues were provided).

The Stroop effect was reduced when conflict was frequent as opposed to infrequent (i.e.
the typical proportion congruency effect) regardless of whether trial sets were cued. However,
the Stroop effect was amplified, rather than reduced, when the mostly congruent trials were
cued suggesting that the effect of conflict in the incongruent trials was increased by cueing. In
the mostly incongruent blocks of trials, cues did not modify the Stroop effect. The same pattern
was replicated in their second experiment, which also indicated that cues did not modify the
Stroop effect in a 50% congruence condition. Furthermore, in the same replication, the RT to
the first trial in block was found to be improved by a pre-block cue only when trials were
mostly congruent (i.e. not in the 50% or 80% conditions). In further replications (Experiment
4) cues led to a reduced Stroop effect in mostly incongruent trial blocks but only on the first
trial of a block and only when adequate incentive was provided for participants to make use of
them. In all other regards, cues had no effect above that which would be expected given the
differences in frequency between groups.

Using pre-trial, rather than pre-block cues, Goldfarb and Henik (2013) presented
participants with neutral* or incongruent Stroop trials in equal proportion, following a valid

pre-trial cue or no pre-trial cue. The difference between cued and uncued trials (eight-

4 A Hebrew letter string was presented as opposed to a traditional word/colour Stroop trial.
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millisecond cueing benefit) failed to reach significance, failing to find benefit to cueing
upcoming conflict. In their second experiment, Goldfarb and Henik (2013) also manipulated
the relative frequency of incongruent and neutral trials alongside the cue conditions. In this
case a significant cue benefit was found only when trials were cued and incongruent trials were
infrequent. Hence, Goldfarb and Henik (2013) only observed a cue benefit when proactive
control was not already likely engaged based on frequency. Similarly, Bugg et al. (2015) only
found a cue benefit when participants were adequately motivated to make use of the
foreknowledge of conflict (see also Marini et al., 2015; for similar findings in a perceptual
conflict task). Other studies find that timing of cue presentation may also be influential since
the effect of valid pre-trial cues was only present in Bugg and Smallwood (2016) on one cue-
to-stimulus interval (see also; Logan and Zbrodoff, 1982). Amongst the evidence in favour of
expectation-driven proactive control, caveats and moderating factors therefore suggest that
cognitive control may not be reliant on expectation alone.

This discussion has so far only considered how expectation and experience are
contrasted in traditional cognitive control paradigms involving non emotional task-irrelevant
stimuli. A smaller body of studies has used explicit expectation-inducing cues to improve the
avoidance of emotional distractors. In Augst et al. (2014) (Experiment 2 and 3), participants
were asked to ignore a central task-irrelevant distractor (negative, positive, or neutral) and
judge if two peripheral flanking lines were parallel. In an informative condition, a cue for
distractor valence was provided prior to the presentation of the task array. In an uninformative
condition, a nonword cue was used instead, providing no advance information. Distractors of
each valence occurred with equal frequency, meaning that most trials contained an emotional
distractor. The presence of negative and positive distractors led to greater distraction than
neutral distractors in both conditions, i.e. emotional distraction was observed. What was
unexpected, was that cues (in the informative condition) did not reduce emotional distraction
nor distraction overall indicating no benefit from increased expectation of conflict.

In a more recent study (Schmidts et al., 2020; as described above) also manipulated
expectation while presenting participants with task-irrelevant distractors. Participants were
presented with a letter sorting task (does a letter follow or precede m in the alphabet) alongside
either negative or neutral images. Trial blocks were mixed, presenting both negative and neutral
distractors. Neutral trials were however presented in the majority trials, meaning emotional
distractor frequency was low. Cues preceded all trials, informing participants of the valence of
the upcoming image, or providing no advance information. In support of an emotional

distraction effect, participants were more distracted on trials with negative as opposed to
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neutral distractors. Additionally, in support of experience rather than expectation-driven
proactive control, no substantial differences were observed between cued trial RTs and uncued
trial RTs for emotional distractors. In fact, Schmidts and colleagues' first and third experiments
show a paradoxical increase in distraction by negative stimuli when they were cued. The
authors concluded that pre-trial cues did not reduce emotional distraction, regardless of
distractor frequency.

A similar valence-specific paradoxical expectation effect was reported by Kleinsorge,
(2007). Participants were asked to indicate whether an arithmetic problem, overlaid on the
central distractors had been correctly solved. Trials were pre-cued by the colour of a countdown
(from 5 to 1) occurring prior to display onset. In a “with anticipation” condition, a green
countdown was followed by neutral distractors and a red countdown was followed by negative
(Experiment 1a) or positive (Experiment 1b) distractors. In a “without anticipation” condition,
countdown colour did not relate to the subsequent trial valence. Importantly, neutral and
valenced distractors occurred equally often, meaning there was equal experience of both neutral
and emotional distractors. On uncued trials, there was no difference in RT to the arithmetic
task between image types. Cued trials with neutral distractors also produced similar levels of
distraction to the uncued trials. Cued trials with negative distractors, however, were
significantly slower than those with cued neutral distractors. Conversely, RTs were increased
when positive distractors were cued, indicating that the paradoxical expectation effect may be
specific to the cueing of negative stimuli.

The lack of evidence for cue benefits combined with the existence of paradoxical
expectation effects suggests that expectation of upcoming emotional distractors does not
necessarily elicit proactive control of emotional distractors. Frequency manipulations in
emotional distraction studies do, however, still show improved control when distractors are
frequent as opposed to infrequent. In contrast to studies which employ response-conflict tasks
or perceptual-conflict tasks using only neutral stimuli, expectation of emotional (and possibly
neutral) distractors may not encourage the implementation of proactive control.

Summary

In sum, emotional stimuli are effective distractors due to their inherent salience as
environmental indicators of reward and threat. As per the DMC framework, proactive and
reactive control mechanisms aid in ignoring task-irrelevant emotional distractors. The relative
use of either type of mechanism is dependent on a contextual cost-benefit analysis. Frequency
effects have been found indicating that cognitive control can be biased toward effective control

mechanisms, when emotional and neutral distractors occur frequently. Much of existing
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literature supports and claims that the effect of frequency is due to increasing expectation of
upcoming distractors; thought to bias control to a more proactive style.

A contest to an expectation-based explanation for frequency effects is that experience
of conflict varies alongside frequency of conflict. While previous studies find evidence in
favour of expectation-driven proactive control, there are those which find that expectation
driven proactive control may be reliant on additional factors such as motivation/reward and cue
to stimulus timing (Bugg & Smallwood, 2016; Bugg et al., 2015; Goldfarb & Henik, 2013;
Logan & Zbrodoff, 1982; Marini et al., 2015). Few emotional distraction studies have
manipulated expectation independently of frequency manipulations and those which attempt
to manipulate expectation find no evidence for expectation-based proactive control (Augst et
al., 2014; Kleinsorge, 2007; Schmidts et al., 2020). Indeed, these studies indicate that
expectation may paradoxically increase rather than decrease distraction.

The Present Experiments

We are therefore left at a crossroads in explaining whether expectation or experience
of distraction drives control of attention, specifically in the avoidance of emotional distraction.
To clarify the driving factors behind the effects of frequency manipulations on emotional
distraction, I investigated the extent to which the expectation of distractor presence can reduce
distraction by both neutral and emotional task-irrelevant distractors. I conducted two
experiments to assess control of attention when infrequent neutral and salient emotional
distractors are expected as compared to when they are not. Modified versions of the emotional
irrelevant-distractor paradigm (Grimshaw et al., 2018) were used for both experiments.

The emotional distraction paradigm was used because this paradigm has reliably
induced emotional distraction in previous studies (Grimshaw et al., 2018, Grimshaw et al.,
2020). Additionally, distractors are not present on all trials, meaning distraction (the difference
in RT owed to the presence versus the absence of a distractor) by neutral and emotional
distractors can be assessed independently. This direct assessment of distraction is not possible
in previous emotional distraction studies which manipulate the relative proportion of neutral
and emotional distractor-present trials (e.g. Schmidts et al., 2020).

The present experiments also implemented a novel manipulation of expectation and did
not cue upcoming distractors with pre-trial cues. Cue-to-stimulus interval timing, motivation,
and participant instructions have all been shown to alter the benefit of conflict cues on task
performance (Bugg & Smallwood, 2016; Bugg et al., 2015; Chiew & Braver, 2016; Goldfarb
& Henik, 2013; Marini et al., 2015). Cue benefits have also been inconsistent in previous

cognitive control studies, especially when concerning emotional distraction. Particularly in
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studies which employ task-irrelevant distractors, the cue itself may also alter responses to the
upcoming distractors due to priming rather than effortful cognitive control (Theeuwes, 2013),
possibly evidenced by paradoxical expectation effects in previous studies.

Another method to building expectation is suggested by the alternate run task-switching
procedure which bypasses the problems with cue-based studies and instead builds an implicit
expectation of upcoming distractor presence via more naturalistic methods than pre-trial cueing
(Egner & Hirsch, 2005). Predictable sequential conflicts have been shown to improve control
relative to conflict that occurs randomly (Andreadis & Quinlan, 2010; Koch, 2003; Kray &
Lindenberger, 2000). Presenting distractors in a predictable sequence also provides the benefit
of cues in that minimal modification to the emotional irrelevant-distractor paradigm is required.
Since only trial order is altered, frequency can be held constant between conditions, equating
experience, but also allowing the present study to be comparable to previous studies such as in
which only frequency was manipulated (Grimshaw et al., 2020; Grimshaw et al., 2018).
Consequently, I manipulated expectation in the present experiments by presenting distractors
either predictably (in sequence) on every fourth trial, or randomly on an equal proportion of
trials (25%).

In Experiment 1, peripheral task-irrelevant images were presented alongside a simple
perceptual task. Distractors were negative (gore and mutilation) or neutral (people doing
everyday activities) scenes. These distractors occurred either predictably (i.e. every fourth trial,
allowing for expectation of upcoming distractors) or unexpectedly but equally often (25% of
trials). Distraction was measured as the difference between trials in which a distractor was
present and trials in which they were not. Experiment 2 was a conceptual replication of the first
with a few key differences. The same distractors were presented at fixation with the same
predictability manipulation. An additional high distractor frequency condition, in which
distractors on a random 75% of trials, was also added to compare the effects of expectation to
a high-experience condition which has been shown to produce good control in previous
frequency manipulations. Participants also completed a post-experiment questionnaire
assessing their awareness of the predictability and frequency of distractor occurrence, and
whether they engaged effortful and voluntary control strategies.

Experiment 1

Experiment 1 investigates whether expectation drives proactive control implementation
when experience of distractors is held constant. To do this, a modified version of the emotional
irrelevant-distractor paradigm was used to expose participants to equal frequency of distractors

while manipulating expectation.
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Participants were asked to complete a simple letter identification task (identify whether
a central letter array contains a K or N) while emotional (high arousal negative) and neutral
images from the International Affective Picture System (IAPS) (Lang et al., 2008) were
presented in the periphery on some trials. To create a context wherein images were distracting,
and participants are thought to rely on reactive control, distractor frequency was low (25% of
trials). Distractor frequency was the same for all participants to maintain equal overall
experience of distractors. To differentiate expectation of upcoming distractors without pre-trial
cues, distractors occurred on every fourth trial for half of the participants (the predictable
condition) or on a random 25% of trials for the other half (the unpredictable condition).

I measured the time taken to respond to the letter identification task (RT) and accuracy
of task performance. Because the main hypothesis concerns distraction rather than simply RT,
an index of distraction was also calculated by subtracting participants’ averaged distractor-
absent trial RT from the averaged distractor-present trial RT for each valence of distractor.

Ample evidence suggests that low distractor frequency biases control mechanisms
towards less effective strategies (Bugg et al., 2008; Gonthier et al., 2016; Grimshaw et al.,
2018). Therefore, it was expected that the distractor images would compete effectively for
attentional resources when unpredictable. Moreover, due to the bias to attend to emotional
stimuli, negative distractors were expected to elicit greater distraction than neutral stimuli when
both frequency and expectation of distractors are low (i.e. the unpredictable low-frequency
condition). Previous studies (e.g. Grimshaw et al., 2018) have indicated that, when distractors
are frequent, participants can avoid emotional distractors just as well as they avoid neutral
distractors. Thus, emotional distraction (the difference in distraction by negative distractors
and neutral distractors) is predicted to be lesser when emotional distractors are predictable.

If expectation of upcoming distractors drives proactive control, then when distractors
are infrequent yet predictable (i.e. expected), proactive control should be encouraged. Thus,
participants were predicted to be less distracted when distractors were predictable as opposed
to unpredictable’. Conversely, if expectation alone cannot drive participants to implement
proactive control, then distraction should not differ between the predictable and unpredictable
conditions.

Method

Participants

5 Reflected in an interaction effect between Distractor presence and Predictability of distractors. This interaction
includes distractor presence to capture the change to RT caused by a distractors presence as relative to its absence
(i.e. distraction).
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Participants were 104 female®, first-year undergraduate students (aged 18 to 32, M =
18.69, SD = 2.35). All participants had normal or corrected to normal vision and were not
currently taking medication for depression or anxiety disorders. All participants provided
written informed consent and received credits for a research participation component of their
first-year studies. This study received approval from the Human Ethics Committee of the
School of Psychology, Victoria University of Wellington, New Zealand.
Sample Size Determination

There was no applicable pilot study nor comparable previous study using peripheral
distractors in quadrants. Hence to detect the predicted Predictability x Valence interaction, an
estimated moderate effect size was used in an a priori power analysis. G-power analysis
indicated that, to achieve a moderately sized interaction effect, (Cohen’s f = .25) (1,° = .06), a
sample size of 98 participants would be needed to attain a power of 80%. For counterbalancing
purposes, the total sample size was increased to 104 participants (52 in each predictability
condition). Three participants who did not provide demographic information and a further two
participants who did not meet eligibility criteria were replaced.
Stimuli

Twelve neutral and 12 negative images (occupying 12 ° x 12 ° of visual angle) from the
IAPS database (Lang et al., 2008), were used. Ratings of arousal and valence of the images
were obtained from female norms using the nine-point Self-assessment Manikin rating scale
reported in Lang et al. (2008). The neutral images were scenes of people performing everyday
activities, rated near the midpoint of the valence scale (M = 5.01, SD =.34) and low arousal (M
= 3.07, SD = .32). Negative images were scenes of gore and mutilation, rated as lower
(negative) in valence (M = 1.64, SD =.21) and higher in arousal (M = 6.53, SD = .42). Six
additional images of each valence were used in the practice trials. All images were presented
in colour on a black background and were matched for luminance and contrast using the
MATLAB, SHINE toolbox (Willenbockel et al., 2010). Appendix A shows a list of the IAPS
images and their individual valence and arousal ratings.

The letter array consisted of 5 lower case 0’s (occupying .22° by .22° of visual angle
each) and one uppercase N or K (occupying .69° by .69° of visual angle), presented in white

Arial font, arranged vertically along the midline of the screen. The letters were all separated by

¢ Differences in valence and arousal assessments of the negative IAPS images have previously been found between
male and female samples (Lang et al., 2008). Given this difference, the present experiment used only female
participants to ensure that that the interpretations of the images were more likely to be consistent between
participants. The valence and arousal ratings presented in Appendix A represent ratings by an exclusively female
sample.
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.69° of visual angle with the top and bottom letters of the array positioned 1.75° of visual angle
from the centre of the screen. An example of the task array including a distractor is shown in

Figure 1A.

A 400 — 800 ms 100 ms 1700 ms Response Window 400 — 800 ms ITI

Figure 1. A) Trial structure of Experiment 1, showing a neutral distractor-present trial B)
Examples of a distractor-absent trial (left) and a neutral distractor-present trial (right)

Procedure

Participants were seated in a walled cubicle in a dimly lit room, 57cm from a computer
monitor (24°°, 1920 x 1080-pixel, AOC monitor with a refresh rate of 120 Hz), connected to a
Dell T1700 computer. Psychopy 3 software (Peirce et al., 2019) was used for stimulus
presentation and response recording. Viewing distance was maintained by a chinrest.

A trial began with the presentation of a central fixation cross (occupying .84° x .84° of
visual angle) lasting between 400 and 800 ms. Participants were then shown an array of 6 letters
arranged vertically down the midline of the screen, for 100 ms. Participants were asked to
respond with a button press (using the index and middle fingers on their dominant hand on the
1 and 2 keys of the numpad) to indicate whether the letter K or N was present in the letter array.
The button-response mapping was counterbalanced across participants. Within a block of trials,
each target letter (K or N) occurred on a random half of trials and appeared in each of the six
array locations four times.

Participants could respond within an 1800 ms window from array onset. On participant

response, the trial proceeded to a variable inter trial interval (ITT) equal to the duration of
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fixation cross. On an incorrect response, or if no response was made, participants received
auditory feedback (a 100 ms long tone), which they were told was indicative of an incorrect
response. The dependent variables of interest were participant reaction time (RT) from stimulus
array onset and their accuracy on the letter task.

Participants were assigned to either the predictable condition, wherein distractors
occurred on every fourth trial of the experiment (25% of trials), or to the unpredictable
condition, wherein distractors occurred on a random 25% of trials. On distractor-present trials,
a single image (neutral or negative) was present alongside the letter array. Images were
presented alongside the letter array in one of four quadrants, with the centre of the image
located 7.4° (horizontally) and 6.8° (vertically) from the centre of the screen, as shown in Figure
1B. Images appeared an equal number of times in each quadrant.

The experiment consisted of four blocks of 48 trials. Blocks were separated by a 30
second minimum break. Valence was blocked so that all the distractors in a block were of the
same valence. Half the participants in each condition completed the blocks in a Neutral,
Negative, Negative, Neutral order, and half did so in the inverse Negative, Neutral, Neutral,
Negative order.

Participants completed two 24-trial practice blocks. The first contained only neutral
distractors and the second contained only negative. Distractors occurred on every fourth
practice trial for those in the predictable condition, while they occurred on a random six trials
(25%) for those in the unpredictable condition. To make participants aware of the order of
distractor-present and absent trials in the experiment, pre-experiment instructions stated that
an image would be present “on every fourth trial” (the predictable condition) or on “some”
trials (the unpredictable condition). This information was presented both through on-screen
instructions and verbally, prior to both practice trials and experimental trials.

Design

This experiment employed a mixed design with Predictability (Predictable or
Unpredictable) manipulated between subjects, and Valence (Neutral or Negative), and
Distractor presence (Present or Absent) manipulated within subjects. The dependent variables
were RT (ms) and accuracy (% correct responses to the letter task). Additionally, a distraction
index was calculated for each valence by subtracting the RT for distractor-absent trials from
the RT of distractor-present trials.

Statistical Analysis
RT analyses were conducted only on trials wherein participants responded correctly,

and RT was greater than 200 ms, excluding 8.25% of trials. Additionally, to ensure that
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participants were engaged in the task, an exclusion criterion was established which removed
participants with lower than 70% accuracy on blocks of either valence, or accuracy lower than
75% overall. No participants met these criteria. Greenhouse-Geisser corrections were
performed where necessary on the primary analyses. Effect sizes were calculated for all
inferential statistics. Effect sizes are presented in partial eta squared (1,°) for main effects and
interactions and in Cohen’s d: for within subject comparisons of means (Lakens, 2013).
Results

RT

Table 1 presents the mean RTs, standard deviations and distraction indices by
Predictability, Valence, and Distractor presence. To provide a clear assessment of distraction
by images of each valence within each condition, separate paired samples t-tests were
conducted comparing distractor-absent to distractor-present trials. T-tests (Table 1) indicate
that distraction is present for each valence of distractor within each condition, showing that
distractors were able to outcompete task relevant stimuli for attentional resources.

To assess whether Predictability or Valence modified distraction, mean RTs (Figure 2)
were entered into a 2 (Distractor presence: Present, Absent) X 2 (Valence: Neutral, Negative)
x 2 (Predictability: Predictable, Unpredictable) mixed ANOVA. The main effects of Distractor
presence, F(1,102) = 50.22, p < .001, 5,° = .33, and Valence, F(1,102) = 5.08, p = .026, 5,° =
.05, were qualified by a significant Valence x Distractor presence interaction, F(1,102)=12.28,
p <.001, n,° = .11. Follow-up t-tests showed that participants were slower when distractors
were present for both neutral, #(103) =4.22, p <.001, d-= 0.41, and negative, #(103) = 6.54, p
<.001 d.= 0.64, distractors. However, the interaction reflects greater distraction by negative
(M =27, SD = 43) as opposed to the neutral (M = 12, SD = 29) distractors. Hence, there is
support for the prediction that RTs would be greater when distractors were present (a
distraction effect) and more so when distractors were negative than if they were neutral (an
emotional distraction effect).

No main effect of Predictability was found, F(1,102) = 0.45, p = .502, 7,° = .004,
indicating no overall difference in RT between conditions. However, a significant
Predictability x Distractor presence interaction, F(1,102) = 4.19, p = .043, ,° = .04, was
observed. Follow-up paired samples t-tests were conducted to assess whether this interaction
reflects lower distraction in the predictable relative to the unpredictable condition, as predicted.
While participants were slower on distractor-present as opposed to distractor-absent trials in
both the predictable, #(51) = 5.74, p < .001, d: = 0.80, and unpredictable conditions, #51) =
4.16, p <.001, d- = 0.58, this difference was larger in the predictable condition (M = 25, SD =
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40) than the unpredictable condition (M = 14, SD = 33). Results therefore indicate that
distraction (the difference between distractor-present and distractor-absent RT) was not just
present in both conditions but that is was indeed greater in the predictable condition. Additional
analyses focussed on the distraction indices (included in Appendix B), indicated that distraction
was in fact significantly greater in the predictable condition (M = 25, SD = 40) relative to the
unpredictable condition (M = 14, SD = 33), reflecting the same interaction effect as above, F(1,
102) =4.19, p =.043, n,° = .04.

In sum the RT analyses indicate that substantial distraction was present in both the
unpredictable and predictable conditions. Additionally, emotional stimuli proved to be more
distracting than neutral stimuli regardless of distractor predictability. Counter to predictions,
when participants could expect upcoming infrequent distractors, distraction was greater than if

participants had no expectation.

Table 1

Mean (SD) RTs (in ms), Distraction indices and paired samples t-test results, including
confidence intervals and effect sizes (Cohen’s d-), by Valence, Predictability and Distractor
presence in Experiment 1

Distractor- Distractor-  Distraction

present RT  absentRT index 95% CI
(SD) (SD) (SD) Lower Upper t d;

Predictable

Negative 552 (77) 516 (55) 36 (48) 2.78 49.67 5.417 0.75
Neutral 532 (67) 517 (59) 15 (27) 7.14 22.09 3.92"™" 0.54
Unpredictable

Negative 532 (77) 513 (62) 19 (35) 897 28.24 3.88"" 0.54
Neutral 524 (69) 514 (66) 10 (31) 0.75 18.13 2.18" 0.30

Note. Distraction index = RT (distractor-present) — RT (distractor-absent). The t-values and
effects sizes present in this table are derived from paired samples t-tests, comparing distractor-
absent to distractor-present trials. Distraction indices are surrounded by 95% confidence
intervals, in ms.

*p <.05, ¥*p < .01, ***p < .001
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Accuracy

Participant’s mean accuracy (as a percentage), by Predictability, Valence and Distractor
presence are presented in Table 2. Accuracy was high overall, with participants only making
an average of 11.22 errors (SD = 8.48) throughout the experiment (5.84% of trials). A possible
explanation of the RT results is that participants strategically slowed responding on distractor
present trials to increase the accuracy of their responses. To assess whether there was such a
speed-accuracy trade off, accuracy scores were entered into a 2 (Distractor presence: Present,
Absent) x 2 (Valence: Neutral, Negative) x 2 (Predictability: Predictable, Unpredictable)
mixed ANOVA. A main effect of condition was observed, F(1, 102) =4.08, p = .046, 1,° = .04,
with higher accuracy being found in the predictable condition (M = 94.83, SD = 4.10) than in
the unpredictable condition (M = 93.48, SD = 5.16). No main effects were found for either
valence, F(1,102) = 0.64, p = 425, ,°= .01, or distractor presence, F(1,102) = 1.32, p = .253,
ny=.01.

Participants in the predictable condition were therefore more accurate overall
(Mdifference = 1.35%, equivalent to 2.6 trials difference; see Figure 4). That said, accuracy
analysis indicated no interaction between predictability and distractor presence. Thus, a speed-
accuracy trade-off is unlikely to be driving the effect of predictability on distraction as there is
no evidence to suggest that participants selectively slowed responding to improve accuracy on

distractor present trials.
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Table 2

Mean (SD) accuracy scores (in % correct trials) and paired samples t-test results, including
confidence intervals and effect sizes (Cohen’s d), by Valence, Predictability and Distractor
presence in Experiment 1

Distractor-  Distractor- Accuracy 95% ClI
present absent difference
Lower Upper
(SD) (SD) (SD) t d;

Predictable
Negative 95.59 (5.31) 94.34(4.74) 1.25(5.73) -0.39 290 148 0.21
Neutral 95.83 (4.74) 94.74 (4.44) 1.09(4.73) -0.18 237 159 0.22
Unpredictable
Negative 92.71 (8.16) 93.80(5.67) -1.09(7.75) -3.25 1.06 1.02 0.14
Neutral 93.91(5.80) 93.27(5.17) 0.64(4.82) -0.70 198 0.84 0.12

Note. The t-values and effects sizes present in this table are taken from paired samples t-tests,
comparing accuracy on distractor-absent to distractor-present trials. Accuracy differences are

surrounded by 95% confidence intervals, in % correct trials.
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Figure 4. Experiment 1 individual Accuracy scores by Predictability, Valence and Distractor
presence

Note. Diamonds indicate mean Accuracy score. Boxes contain the middle quartiles and the
bar indicates median Accuracy score.
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Discussion

Experiment 1 investigated whether expectation of upcoming conflict biases cognitive
control of distraction (neutral or emotional) towards proactive strategies. As expected,
participant responses were significantly slower when distractors were present, showing that the
emotional irrelevant-distractor paradigm effectively elicits distraction. Moreover, distraction
by negative distractors was greater than that by neutral distractors, providing evidence of
emotional distraction above that of distraction by neutral stimuli.

The primary predictions were that distraction would be overall lower in the predictable
as opposed to unpredictable conditions and that distraction would be more reduced for negative
as opposed to neutral distractors. In contrast, RT and distraction indices analyses indicated that
distraction was greater in the predictable condition rather than the unpredictable condition.
Hence, the current findings indicated a paradoxical effect of expectation, in that increased
expectation of distractors led to greater rather than /esser distraction.

A concern addressed by the accuracy analysis is the possibility of a speed-accuracy
trade off in responding. Since participants in the predictable condition are aware of when
distractors will occur, participants could selectively slow RT to improve accuracy on distractor-
present trials. Accuracy was in fact found to be greater in the predictable than the unpredictable
condition. However, this was seen in both distractor-present and distractor-absent trials. Hence,
it is unlikely that the greater overall distraction observed in the predictable condition reflects a
strategic slowing of responses specifically when distractors were expected.

The results of Experiment 1 are counterintuitive. In both the predictable and unpredictable
conditions, participants were exposed to distractors on 25% of trials, occurring in sequence
only in the predictable condition. In terms of the DMC framework, it would be expected that
increased expectation and ability to prepare for upcoming distractors would bias participants
to using proactive control mechanisms. Results instead suggest that participants adopted a
reactive as opposed to proactive control mode when distractors could be expected. The present
findings therefore indicate that control implementation was not biased by expectation but
instead by experience of distraction. Moreover, a paradoxical expectation effect was observed,
suggesting that attention to distractors was heightened when they were expected. However, the
three way Predictability x Valence x Distractor presence interaction did not reach significance
indicating that the paradoxical expectation effect was only numerically, but not statistically,
greater for negative than for neutral distractors as it was in previous studies (Kleinsorge, 2007;

Schmidts et al., 2020). Whether the paradoxical expectation effect is valence specific, may be
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an important line of future investigation as it could suggest that expected emotional stimuli
pose a unique challenge to cognitive control.

The current findings therefore contradict studies, primarily employing response conflict
tasks, which find that explicit expectation of upcoming conflict can improve control (Bugg &
Smallwood, 2016; Fernandez-Duque & Knight, 2008; Logan & Zbrodoff, 1982). Instead,
current findings converge with a collection of studies which suggest that participants adopt a
proactive mode of control when experience of conflict is increased regardless of expectation
(Bugg et al., 2015; Kleinsorge, 2009; Moher & Egeth, 2012; Schmidts et al., 2020). Of these,
several are studies which employ an irrelevant-distractor paradigm and present emotional
distractors (Kleinsorge, 2009; Schmidts et al., 2020). The present study is therefore consistent
with the idea that avoidance of emotional distractors is not benefited by expectation of their
occurrence.

However, the current study differs slightly in method from previous implementations
of the emotional irrelevant-distractor paradigm in that distractors were presented in quadrants
as opposed to above and below the letter array as in Grimshaw et al. (2018). Hence, compared
to previous uses of the task, distractor location was less predictable. Consequently, distractors
may still have been somewhat surprising to participants since they did not know where they
would occur, only that they would occur.

The current experiment also did not include a high distractor frequency condition,
which has been hypothesised to encourage the use of proactive control (Grimshaw et al., 2018;
Schmidts et al., 2020). Without a high frequency condition, there is no “proactive control
condition” to compare distraction in the unpredictable low-frequency condition against. Hence
the predictable condition (i.e. the effect of expectation which is being investigated) cannot be
compared against a typical distractor frequency manipulation.

As a final point, Experiment 1 can also not indicate how, or whether, participants are
making use of the predictability of distractors. Braver (2012) suggests that expectation-driven
proactive control is voluntary and strategic. In the present experiment, whether participants are
deliberately and strategically implementing control based on distractor predictability is unclear
but may reflect whether strategic control is being attempted. Insight into how participants are
engaging with and experiencing the task is needed to better understand the mechanisms they
are using to avoid distraction.

Experiment 2
A second experiment was conducted to determine if the counterintuitive results of

Experiment 1 would replicate, while also modifying the experimental design to address
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methodological concerns. Experiment 2 therefore used the same stimuli and predictability
manipulation as Experiment 1 with three changes. 1) To compare the predictable condition to
a typical manipulation of distractor frequency, a third condition was added wherein distractors
were frequent (75% of trials) and unpredictable. 2) To ensure that distractor location as well as
their occurrence was predictable with certainty, distractors were no longer presented in
quadrants. A recent study in our lab, (Grimshaw et al., 2020), used an emotional irrelevant-
distractor paradigm wherein all emotional distractors were presented at fixation. Participants
were more distracted at low as opposed to high distractor frequency similar to the frequency
effects in previous studies(Grimshaw et al., 2018; Schmidts et al., 2020). Hence, in Experiment
2 distractors were only ever presented centrally (at fixation) with targets appearing above and
below. Pixel scrambled images were presented on distractor-absent trials, equating visual
stimulation across conditions. 3) A post-experiment questionnaire was included to probe
participants’ awareness of the predictability manipulation and their strategic control
implementation.

Reflecting the distractor frequency effect, distraction was predicted to be lesser in the
unpredictable high-frequency condition than in the unpredictable low-frequency condition.
Distraction was also predicted to differ more between the negative and neutral trial blocks in
the unpredictable low-frequency than in the unpredictable high-frequency condition which
would indicate less emotional distraction when distractors occur frequently (i.e. a reduction in
the difference in distraction by emotional and neutral stimuli).

Concerning the effect of expectation three competing predictions were investigated.
First, if increased expectation drives participants to implement proactive control, then
individuals should be less distracted when they can expect upcoming distraction. When
distractors are predictable, there should therefore be less distraction than when they occur
randomly. Conversely, the second prediction stated that if proactive control relies instead on
experience of distractors, then there should be similar distraction when experience is equal
regardless of expectation of upcoming distraction. Hence, distraction would be lowest when
distractor frequency is high and would not differ when distractors occurred infrequently,
regardless of whether they are predictable. A third alternative hypothesis, stemming from the
paradoxical expectation effect found in Experiment 1, suggests that expectation of upcoming
distractors harms instead of helps our ability to avoid distraction. Distraction should then be
greater rather than lesser when distractors are predictable as opposed to random.

Method

Participants
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Participants were 96 female, first-year undergraduate students (Aged 18 to 30 M =
19.24, SD = 2.24). All participants had normal or corrected to normal vision and were not
currently receiving treatment for depression or anxiety disorders. All participants provided
written informed consent and received credits for a research participation component of their
first-year studies. One participant withdrew from the study due to discomfort and was replaced.
This study received approval from the Human Ethics Committee of the School of Psychology,
Victoria University of Wellington (New Zealand).

Sample Size Determination

In Experiment 1 a moderate effect size was used for a priori power analysis. In
Experiment 2 an effect size of Cohen’s f= .33 (#,°= 0.10) was used for a priori power analysis.
This was based on previous in-lab studies (Grimshaw et al., 2020) employing the emotional
distractor paradigm, using central distractors and assessing a Frequency x Valence interaction
in RTs and distraction indices. G-power analysis indicated that, to achieve an effect size of
Cohen’s f= .33, a sample size of 96 participants would be needed to attain a power of 90%.
Stimuli

The IAPS images used were the same as were used in Experiment 1 (see Appendix A).
Images were presented in the centre of the screen and occupied 11° of visual angle horizontally
and 8.25° vertically. As shown in Figure 5B, the letter array now consisted of six letters
arranged in two rows of three, positioned 4.87° above and below the midline of the screen and
horizontally separated by 5.07°. The letters of the letter array were all presented in white Arial
front occupying 0.86° by 0.92 ° of visual angle. Five of the letters in the array were capital Os
while a random sixth letter was either a capital K or N.

For each IAPS image, three pixel-scrambles were made. Each of these scrambled
images were of the same size and resolution as the original intact image. Each of the 12 IAPS
images were shown once per block in the unpredictable low-frequency and predictable low-
frequency conditions. Three pixel-scrambles of each IAPS image were used for scrambled-
distractor trials wherein the pixel scrambles were shown rather than the intact distractor. In the
unpredictable high-frequency condition, each intact image was shown three times without
consecutive duplicates. On scrambled trials a single scramble of each of the 12 intact images
was used. All scrambled images were only ever presented in the same block as their intact
counterparts. All images were presented in colour on a black background and were matched

for luminance using the MATLAB Shine toolbox.
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Figure 5. A) Trial structure of Experiment 2 showing a neutral intact-distractor trial B)
Examples of a scrambled-distractor trial (left) and a neutral intact-distractor trial (right)

Procedure

The apparatus used in Experiment 2 was identical to that used in Experiment 1. As
shown in Figure 5A, trials were structured identically to the first experiment except that the
task array was now presented for 200 ms. On intact-distractor trials, an intact image was
presented in the centre of the screen, flanked at the top and bottom by the letter array. On
scrambled-distractor trials a pixel-scrambled image was instead presented in the same location.

Participants were assigned to one of three conditions. In the predictable low-frequency
condition intact distractors were presented on every fourth trial of a block (25% of trials
overall). In the unpredictable low-frequency condition intact distractors were present on an
unordered 25% of trials. Lastly, in the unpredictable high frequency condition, intact distractors
were present on an unordered 75% of trials.

The experiment again ran for four blocks of 48 trials, separated by 30 second minimum
breaks. Distractor valence was blocked with the block order counterbalanced identically to the
previous experiment. After experiment instructions, an additional training block of five trials
containing only scrambled images was now included. Following this, participants underwent
two training blocks which were representative of the distractor frequency (high or low), and
order (predictably every fourth trial or unordered) of the participant’s assigned condition.

Participants were informed that all trials would contain an image, and that the image

was either intact or scrambled. All participants were also truthfully told what percentage of
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trials would contain an intact distractor and what percentage would not. They were also
informed that “an intact image would occur on every fourth trial” (in the predictable low-
frequency condition) or that the order of presentation of scrambled and intact images would be
random (in the unpredictable high-frequency and unpredictable low-frequency conditions).

Following the experiment, participants were given a questionnaire (see Appendix B)
asking them 1) what the frequency of intact images were, 2) whether it felt as if the images
were presented in order, 3) whether they were able to predict upcoming intact distractors and
4) whether they used some strategy to prepare for intact distractor images. If they answered yes
to the fourth question, they were also asked to detail what that strategy was. The questionnaire
was accompanied by verbal instructions and the chance to ask for clarification.
Design

This experiment employed a mixed design with Predictability condition (Predictable
low-frequency or Unpredictable low-frequency or Unpredictable high-frequency) manipulated
between subjects, and Distractor type (Intact or Scrambled) and Valence (Negative or Neutral)
manipulated within subjects. The dependent variables were RT (ms), accuracy (% correct
responses to the letter task) and a distraction index (RT(distractor-present) — RT(distractor-
absent)). RT data were averaged to the participant level before calculating the distraction index
and were then averaged to the group level from where the means and standard deviations shown
in Table 2 were derived.
Statistical Analysis

Preregistration for the present analysis can be found at (https://osf.io/s8jtr) and is

provided in Appendix E. Additional analyses are labelled as exploratory. All analyses were
conducted only on trials wherein participants responded correctly, and RT was greater than 200
ms. This led to the exclusion of 10.21% of trials. Two preregistered exclusion criteria were
established, excluding participants with lower than 70% accuracy on blocks of either valence,
or accuracy lower than 75% overall. Two participants met these criteria and were removed
from the analysis. Greenhouse Geisser corrections were performed where necessary. Effect
sizes were calculated for all inferential statistics. Effect sizes were presented in partial eta
squared (1,°) for main effects and interactions. Cohen’s d- was used for within subject
comparisons (Lakens, 2013).

Questionnaire Items

For the item “How often were intact images present?” responses were coded as correct
(either 25% or 75% dependent on predictability condition) or incorrect. The question answers

were tallied, and percentages calculated for each response. The number of responses to
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Question 5 (on strategy) were tallied and grouped by similarity of strategy into three categories:
responses indicating preferential attention to the task relevant stimuli (e.g. “Checked the top
row first, bottom row was covered by doing that”), responses indicating preferential attention
to the distractors (e.g. “Squinted my eyes a bit more to avoid having to look at the full intact
image”) and responses indicating active preparation for the upcoming trial (e.g. “When I knew
an intact image was coming, [ would look at the letters more”) (see Appendix D).

Results
Analyses were preregistered unless indicated as exploratory. Preregistration is available at
(https://osf.io/s8jtr) and is provided in Appendix E.
RT

Mean RTs and distraction indices by Predictability condition, Valence and Distractor
presence are shown in Table 3. Paired samples t-tests indicated significant difference between
scrambled-distractor and intact-distractor trials in all conditions excluding neutral distractor
blocks in the unpredictable high-frequency condition. Emotional distractors therefore
effectively captured attention in all conditions including the unpredictable high-frequency
condition whereas neutral distractors were not more distracting than scrambles when distractors
occurred frequently.

RTs (shown in Figure 5) were again entered into a 2 (Distractor type: Intact, Scrambled)
x 2 (Valence: Neutral, Negative) x 3 (Predictability condition: Predictable low-frequency,
Unpredictable low-frequency, Unpredictable high-frequency) mixed ANOVA. As in
Experiment 1, no main effect of condition was observed, F(1,91) = 0.46, p = .633, ,° = .01.
Significant main effects of valence, F(1,91) = 34.14, p < .001, #,° = .27, and distractor type,
F(1,91)=63.57, p < .001, 5,° = .41, were qualified by a significant Valence x Distractor type
interaction, F(1,91) = 27.27, p < .001, #,° = .23. Follow-up paired samples t-tests were
conducted, comparing RT on intact-distractor trials to scrambled-distractor trials (i.e.
distraction) in neutral and negative distractor blocks. Both on negative blocks, #(93) = 7.37, p
<.001, d- = 0.76, and neutral blocks, #(93) = 3.98, p <.001, d- = 0.41, RTs were greater when
distractors were intact. However, this difference was far greater in the negative (M = 52, SD =
69) than in the neutral trial blocks (M = 14, SD = 35). Participants were therefore substantially
more distracted in the negative as opposed to the neutral blocks across predictability. As in
Experiment 1, the emotional irrelevant-distractor paradigm was able to effectively elicit
emotional distraction.

A critical test of the experiments’ hypotheses centres on the Predictability condition X

Distractor type interaction, which was again found to be significant, 7(2,91) =4.71, p = .011,
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1, = .09. Follow-up t-tests indicate that RT was greater in response to intact-distractor trials
in the predictable low-frequency, #(31) =4.96, p <.001, d- = 0.88, unpredictable low-frequency,
#(30)=15.41, p <.001, d- = 0.97, and unpredictable high-frequency, #30)=3.79, p <.001, d. =
0.68, conditions. The difference between intact-distractor and scrambled-distractor trials was
greatest in the predictable low-frequency condition (M = 47, SD = 74), followed by the
unpredictable low-frequency condition (M = 36, SD = 51) and then the unpredictable high-
frequency condition (M = 16, SD = 37). Thus, as in the first experiment, distraction was found
in all conditions but was found to be greatest in the predictable low-frequency condition. To
further assess the magnitude of this difference and determine whether this interaction reflected
a paradoxical expectation effect, distraction indices (see Figure 7) were entered into a 2
(Valence: Neutral, Negative) x 3 (Predictability condition: Predictable low-frequency,
Unpredictable low-frequency, Unpredictable high-frequency) mixed ANOVA. Analysis
revealed a main effect of predictability condition, F(2,91)=4.71, p=.011, 5,° =.09. A Tukey’s
honest significant difference test found that distraction in the predictable low-frequency and
unpredictable high-frequency conditions differed significantly, p = .009. However, no
significant difference was observed between the unpredictable high and low-frequency groups,
p =.127, nor between the unpredictable low-frequency and predictable low-frequency groups,

p=.551
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Table 3

Mean (SD) RTs (in ms), Distraction indices and paired samples t-test results, including

30

confidence intervals and effect sizes (Cohen’s d:), by Valence, Predictability condition and

Distractor type in Experiment 2

Intact- Scrambled- Distraction
distractor  distractor index 95% Cl
(SD) (SD) (SD) Lower Upper t dz
Predictable
low-frequency
Negative 689 (128) 615 (60) 74 (93) 40.18 107.61 4.49™" 0.79
Neutral 631 (71) 611 (59) 20 (35) 7.71 3287 3.9 0.58
Unpredictable
low-frequency
Negative 681 (101) 629 (82) 52 (60) 30.40 74.35 4.877" 0.87
Neutral 633 (79) 613 (84) 20 (33) 8.12 3246 3.41" 061
Unpredictable
high-frequency
Negative 679 (114) 649 (100) 30 (34) 17.51 42.14 495 0.89
Neutral 648 (94) 646 (97) 2 (36) -10.50 15.67 0.40 0.07

Note. Distraction index = RT(intact-distractor) — RT(scrambled-distractor). The t-values and

effects sizes present in this table were derived from paired samples t-tests, comparing intact-

distractor trials to scrambled-distractor trials. Distraction indices are surrounded by 95%

confidence intervals, in ms.

p<.05, "p<.01,"p<.001
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Figure 6. Experiment 2 individual RTs, by Predictability condition, Valence and Distractor

type
Note. Diamonds indicate mean RT. Boxes contain the middle quartiles and the bar indicates
median RT.
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Figure 7. Experiment 2 individual Distraction indices, by Predictability condition, Valence
and Distractor type

Note. Diamonds indicate mean Distraction index. Boxes contain the middle quartiles and the
bar indicates median Distraction index.

Exploratory Frequency Manipulation Replication
The unpredictable high-frequency condition was included in Experiment 2 to replicate

the typical distractor frequency effect. As frequency effects have been shown consistently in
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the literature, an explicit replication of the frequency effect of emotional distraction was also
attempted, comparing distraction indices only between the unpredictable low-frequency and
high-frequency conditions’. An exploratory 2 (Valence: Neutral, Negative) x 2 (Distractor
frequency: Low, High) mixed ANOVA was conducted. Results of this analysis indicated a
main effect of both frequency, F(1,60) = 6.38, p = .014, ,° = .10, and Valence, F(1,60) =
17.29, p <.001, 5,° = .22, reflecting greater distraction indices when distractor frequency was
low (M = 36, SD = 50) relative to high (M = 16, SD = 37) and when distractors were negative
(M = 41, SD = 49) as opposed to neutral (M = 11, SD = 35). Thus, the current experiment
replicates the expected distractor frequency effect. However, no Frequency x Valence
interaction was found, F(1,60) = 0.12, p = .735, 5,° = .002, meaning that, while distraction
overall was lower in the high frequency condition, emotional distraction was not.

These results provide evidence of lower distraction when distractor frequency is
increased, supporting the standpoint that the unpredictable low-frequency and unpredictable
high-frequency conditions in the present experiment elicit behavioural performance in line with
reactive and proactive control mechanisms respectively (Grimshaw et al., 2018; Schmidts et
al., 2020; Walsh et al., 2018, 2019).

Accuracy

Accuracy scores (Figure 8 and Table 4) were lower in Experiment 2 overall with
participants committing an average of 15.12 (SD = 8.89) errors, equivalent to an average of
7.87% of trials. To address the concerns of a speed-accuracy trade off, and to clarify the effect
of expectation on accuracy, accuracy scores were entered into a 2 (Distractor type: Intact,
Scrambled) x 2 (Valence: Neutral, Negative) x 3 (Predictability condition: Predictable low-
frequency, Unpredictable low-frequency, Unpredictable high-frequency) mixed ANOVA.
Unlike Experiment 1, no main effect of condition was observed. A main effect of Distractor
type, F(1,91) = 11.65, p < .001, 5,° = .11, was qualified by a Predictability condition x
Distractor type interaction, F(1,91) = 3.66, p = .030, #,° = .07. Contrary to what would be
expected given a speed-accuracy trade off, follow-up paired samples t-tests indicated higher
accuracy on scrambled-distractor trials (M = 93.7, SD = 4.8) than on intact-distractor trials (M
= 89.9, SD = 9.4) in the predictable low-frequency condition, #(63) = 3.45, p =.001, d- = 0.43,
but not in the unpredictable high-frequency nor the unpredictable low-frequency conditions p

> .05. There was no interaction with valence.

7 Not including the predictable low-frequency condition.



EXPECTATION AND THE COGNITIVE CONTROL OF ATTENTION

Table 4

33

Mean (SD) accuracy scores (in % correct trials) and paired samples t-test results, including
confidence intervals and effect sizes (Cohen’s d), by Valence, Predictability Condition and

Distractor type in Experiment 2

Intact- Scrambled- Accuracy
distractor distractor difference 95% Cl
(SD) (SD) (SD) Lower Upper t dz
Predictable

low-frequency

Negative 88.80(10.97) 93.79(4.96) 4.99(10.42) -8.75 -1.24 2.71° 0.48

Neutral 91.02(7.49) 93.62(4.73) 2.60(6.81) -5.06 -0.15 216" 0.38
Unpredictable
low-frequency

Negative 90.32 (7.71) 92.88(5.14) 2.56(7.38) -5.26 0.15 193 0.35

Neutral 92.20 (5.87) 92.34(5.15) 0.14(5.82) -2.23 2.00 0.13 0.02
Unpredictable
high-frequency

Negative 90.68 (6.11) 90.86(7.79) 0.18(6.22) -2.46 2.10 0.16 0.03

Neutral 91.80(5.09) 92.34(7.69) 0.54(7.16) -3.16 2.09 0.42 0.08

Note. The t-values and effects sizes present in this table are taken from paired samples t-tests,

comparing scrambled-distractor to intact-distractor trials. Accuracy differences are surrounded

by 95% confidence intervals.

ks

p<.05 "p<.01,""p<.001
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Figure 8. Experiment 2 individual Accuracy scores by Predictability condition, Valence and
Distractor type

Note. Diamonds indicate mean Accuracy score. Boxes contain the middle quartiles and the
bar indicates median Accuracy score.

Questionnaire Responses

Responses to the post-experiment questionnaire may provide some insight into
participants’ subjective experience of the task. An exploratory Pearson’s chi-square test was
used to examine whether the responses to the individual questions differed between groups.

Question 1

Tallies of participant answers to the post-experiment questionnaire are shown in Table
5. The first question asked, “How often were intact images present?”. Across conditions, most
participants (82%) responded correctly when asked what percentage of trials contained an
intact distractor image. Participants in the predictable low-frequency condition responded
correctly most often (91%) followed by the unpredictable low-frequency condition (88%) and
then the unpredictable high-frequency condition (69%). Nevertheless, many participants,
particularly those in the unpredictable high-frequency condition, answered incorrectly although
the distractor frequency was explicitly stated in the experiment instructions. A chi-square test
of goodness of fit indicated that correct responses to the first question were not equally
distributed, X? (2, N = 96) = 6.15, p = .046, reflecting more incorrect responses specifically in
the unpredictable high-frequency condition.

Question 2
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The second question asked, “Did you feel as if the images were presented to you in a
set order?”. It was expected that participants would answer “Yes” for the predictable low-
frequency condition and “No” in the unpredictable conditions (given the transparency of
instructions). Many participants (72%) in the predictable low-frequency condition reported that
distractors were presented in a set order. A substantial portion of participants also indicated
that distractors were presented in a set order in the unpredictable high-frequency condition
(31%). Few (6%) reported this in the unpredictable low-frequency condition. As with the first
question, a chi-square test of goodness of fit indicated that correct responses to the second
question were not equally distributed, X* (2, N = 96) = 30.31, p < .001, suggesting that
participants in the predictable low-frequency condition were reasonably aware of the
predictable order of distractors.

Question 3

The third question asked, “Were you able to predict when an intact image would be
present on the following trial?”. Participants in the unpredictable conditions responded as
would be expected, with few stating they could predict any upcoming distractors (High-
frequency = 9%, Low-frequency = 6%). Substantially more participants reported that they were
able to predict distractors in the predictable low-frequency condition (69%). A chi-square test
of goodness of fit indicated that responses to Question 3 were not equally distributed, X* (2, N
=96) =39.27, p <.001.

This result raises the question of whether there is any difference between the individuals
in the predictable low-frequency condition who felt as if they could predict distractors (n = 23)
and those who felt they could not (n =9). It is possible that the individuals who report that they
could predict the distractors were consciously making use of the pre-trial period to prepare for
upcoming distractors. To test whether distraction differed based on the subjective feeling of
predictability an exploratory 2 (Valence: Neutral, Negative) x 2 (Subjective prediction: Could
Predict, Could Not Predict) mixed ANOV A was conducted on distraction indices.

Only a main effect of valence was found, F(1,30) = 8.18, p = .007, 5,° = .21, reflecting
greater distraction by negative (M = 74, SD = 93) as opposed to neutral distractors (M = 20, SD
= 35). Hence, no substantial difference was found between participants in the predictable low-
frequency condition based on their subjective experience of predictability. In fact, participants
who reported they were able to predict upcoming distractors were, numerically albeit not
statistically, more distracted (M = 51, SD = 76) than those who did not (M =39, SD = 72) again
possibly alluding to a harmful and valence specific effect of expectation on distraction.

Question 4
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The fourth question asked, “Did you use any strategy to prepare for the intact images on
upcoming trials?”. Participants in the unpredictable high-frequency condition indicated the use
of a strategy least often (9%) with more “Yes” answers by the unpredictable low-frequency
condition (22%) and the most in the predictable low-frequency condition (28%). A chi-square
test of goodness of fit indicated that responses to the fourth question were equally distributed,
X2 (2, N=96) = 3.68, p = .159. Thus, participants across the conditions were equally likely to

use a strategy to engage with intact-distractor trials.

Table 5
Tallies and percentages (%) of responses to post-experiment questionnaire items across
conditions

Predictable Unpredictable Unpredictable
low-frequency  high-frequency  low-frequency Total
Question 1
Correct 29 (90.63) 22 (68.75) 28 (87.50) 79 (82.29)
Incorrect 3(9.38) 10 (31.25) 4 (12.50) 17 (17.71)
Question 2
Yes 23 (71.88) 10 (31.25) 2 (6.25) 35 (36.46)
No 9 (28.13) 22 (68.75) 30 (93.75) 61 (63.54)
Question 3
Yes 22 (68.75) 3(9.38) 2 (6.25) 27 (28.13)
No 10 (31.25) 29 (90.63) 30 (93.75) 69 (71.88)
Question 4
Yes 9 (28.13) 3(9.38) 7 (21.87) 19 (19.79)
No 23 (71.87) 29 (90.63) 25 (78.13) 77 (80.21)
Question 5

The final question asked participants to detail what strategies they used if they indicated
that they had used a strategy to prepare for upcoming intact-distractor trials. The 18 responses
to Question 5 were separated into three categories: responses indicating preferential attention
to the task relevant stimuli, responses indicating preferential attention to the distractors and
responses indicating active preparation in advance of the upcoming trial. All responses are

listed in Appendix D with counts of responses for each category displayed in Table 6.
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Of those who responded, participants did not often preferentially attend to task relevant
stimuli as a way of enhancing task performance or avoiding distraction. Most (13 responses)
concerned described a strategy detailing avoidance of the distractors. Whatever deliberate
effort participants apply to control attention, at least subjectively, appears to be directed at
avoiding the distractors themselves. Alternatively, when pressed for a strategy, participants
may have referenced the distractors as they were salient in comparison to the dull and repetitive
task. Only three participants (all from the predictable low-frequency condition), provided a
response which indicated advance preparation for upcoming intact-distractor trials. Statistical
analysis of how these three differed from the rest of the predictable low-frequency condition
was not attempted given the low number of participants. However, based on these findings,
one can speculate that at least some participants in the predictable low-frequency condition

may be making strategic use of the foreknowledge of distractors.

Table 6
Tallied responses to question 5 of the post-experiment questionnaires, separated by response
similarity and Predictability condition

Predictable Unpredictable Unpredictable
low-frequency high-frequency low-frequency  Total
Response regarding
4 2 7 13
distractors
Response regarding
the task relevant 1 1 0 2
stimuli
Response regarding
conscious preparation 3 0 0 3
for upcoming trials
Total 8 3 7 18

Additional Exploratory Analyses
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Conflict Adaptation

Both Experiment 1 and 2 suggests that expectation alone does not improve the ability
to avoid emotional distractors. Experiment 2 also indicates that increased distractor frequency
leads to greater control over attention. Hence, proactive control has been shown to be driven
not by expectation but by experience of previous distraction. It should be noted that proactive
control is not a singular mechanism but rather a collection of mechanisms which act similarly.
Thus, several mechanisms could account for how control is altered proactively via experience.
A conflict adaptation standpoint would argue that cognitive control is increased in the short
term after conflict exposure as a form of dynamic proactive control. Many have previously
shown a decrease in the effect of conflict on trials following conflict-present trials relative to
non-conflict trials (Botvinick et al., 2001). Conflict adaptation has been observed in response
conflict tasks such as Stroop (Purmann & Pollmann, 2015) and flanker paradigms (Ullsperger
et al., 2005). In studies manipulating distractor frequency, the low-frequency condition will
have few trials where an intact-distractor trial follows another, simply due to the rarity of these
trials. Conversely, the high-frequency condition will have more of these consecutive intact-
distractor trials simply by chance, due to the increased frequency of intact-distractor trials.
Hence, increased cognitive control due to increased distractor frequency may be due not to
increased expectation of upcoming distractors, but rather, to increased incidence of conflict
adaptation. In the predictable low-frequency condition, there were no consecutive intact-
distractor trials, as trials followed a scrambled, scrambled, scrambled, intact pattern. This could
explain why the distraction indices in the predictable low-frequency condition more closely
resembled those the unpredictable low-frequency condition than the unpredictable high-
frequency condition. Possibly, the paradoxical expectation effect could also be explained in
that sequential intact-distractor trials still occur in the unpredictable low-frequency condition
(albeit infrequently), reducing distraction relative to the predictable low frequency condition.

To assess the effect of conflict adaptation on distraction, the RTs to trials preceded by
a scrambled-distractor trial (a non-conflict trial) were compared to those preceded by an intact-
distractor trial (a conflict trial) in the unpredictable low and high-frequency conditions (see
Figure 9). A 2 (Valence: Neutral, Negative) x 2 (Previous trial: Conflict, Non-conflict) x 2
(Frequency: High, Low) x 2 (Distractor type: Intact, Scrambled) mixed ANOVA was
conducted comparing just the unpredictable low and high-frequency conditions. The effect of
conflict adaptation on distraction would be indicated by an interaction between Previous trial
type, Frequency and Distractor type reflecting lower RTs when intact-distractor as opposed to

scrambled-distractor trials follow intact-distractor trials, specifically in the unpredictable high-
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frequency condition. Results indicated a main effect of Distractor type, F(1,60) = 34.85, p <
.001, 5,° = 0.37, which was qualified by a Distractor type x Frequency interaction, F(1,60) =
7.23, p=.009, 5,° = 0.11. Since Distractor type did not interact with Previous trial these effects
were not further explored®.

A main effect of Valence, F(1,60) = 11.84, p=.001, 5,° = 0.17, was however qualified
by an interaction effect between Valence and Distractor type, F(1,60) = 16.39, p <.001, 5,° =
0.22, and a three way Frequency x Valence x Previous trial interaction, F(1,60) =4.83, p =
.032, n,° = 0.07. To assess whether the three way interaction reflects slower responding in the
high frequency condition (in either the neutral or negative trials) when the previous trial
contained an intact as opposed to scrambled distractor, RT scores were split by Frequency
(High x Low) (Figure 9) and were entered into a follow-up 2 (Valence: Neutral, Negative) x 2
(Previous trial: Conflict, Non-conflict) mixed ANOVA.

Considering only low-frequency trials, only a main effect of Valence was observed,
F(1,30) = 16.59, p < .001, 5,° = 0.36, indicating greater RT in blocks containing negative (M
=656, SD =106) over blocks containing neutral (M = 627, SD =101) distractors. In the high-
frequency condition, only the Valence X Previous trial interaction was significant, F(1,30) =
4.60, p = .040, 7,° = 0.13. Additional follow-up t-tests indicated that only in the unpredictable
high-frequency condition, when an intact distractor was present on the previous trial, were
participants slower to respond to trials containing negative (M = 665, SD = 106) as opposed to
neutral distractors (M = 642, SD =91), #(30) =3.87, p <.001, d- = 0.70.

There was therefore some evidence that conflict adaptation modified RTs. However,
there was no interaction with Distractor type. Therefore, there is no evidence that conflict on a
previous trial alters distraction. Hence there is no support for trial-by-trial dynamic
upregulation of control as the method by which experience modifies control in the

unpredictable high-frequency condition.

8 See instead the exploratory frequency manipulation replication to illustrate differences in distraction between
the unpredictable low and high frequency groups.
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Figure 9. A) Individual RTs by Previous trial type, Valence and Distractor type for trials in the
unpredictable high-frequency condition of Experiment 2 B) Individual RTs by Previous trial
type, Valence and Distractor type for trials in the unpredictable low-frequency condition in
Experiment 2
Note. Diamonds indicate mean RT. Boxes contain the middle quartiles and the bar indicates
median RT.

The above analysis cannot include the predictable low-frequency condition due to there
being no sequential intact-distractor trials, by design. However, if participants exert greater
cognitive control after exposure to a distractor, this might be reflected in subsequent RTs to
scrambled-distractor trials. As trials progress in sequence, it would further be expected that the
benefit to control due to conflict adaptation would decrease. Hence scrambled-distractor RTs
in the predictable low-frequency condition (Figure 10) were compared using an exploratory 2
(Valence: Neutral, Negative) x 2 (Trials since distractor: 1, 2, 3) repeated measures ANOVA
specifically assessing the linear effect of trials since distractor.

Rather than increase, RTs on scrambled-distractor trials decreased with time since an
intact distractor: one trial (622 ms), two trials (612 ms), and then three trials (605 ms). The
repeated measures ANOVA indicated only a main effect of distance from an intact-distractor
trial, F(2,62) = 5.15, p = .010, #,° = 0.14. Furthermore, the linear effect (RT decreasing over
trials) was found to be significant, F(1,31) = 10.16, p = .002, ,° = 0.25, indicating that
participants did not upregulate control specifically on the trial following conflict exposure.

This analysis indicates that there is no evidence across any of the groups in the present
experiment for conflict adaptation on trials following an intact-distractor trial as a method of

inducing experience-based control. It should be noted however, that due to the design of the
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experiment, few trials were available for analysis, particularly in the unpredictable high-

frequency condition. Hence, conclusions drawn from these analyses are speculative.
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Figure 10. Experiment 2 scrambled-distractor trial RTs in the predictable low-frequency
condition by Valence and Number of trials since an intact-distractor

Note. Diamonds indicate mean RT. Boxes contain the middle quartiles and the bar indicates
median RT. Trials wherein an intact distractor is present are included for illustrative purposes
(leftmost).

Change in Distraction Over Time

The results suggest that experience may be a more important factor in biasing control
mechanisms than expectation of upcoming distractors. Experience, however, is likely not
acquired instantly. It is therefore expected that some exposure to distractors is required for
experience to modify cognitive control (as in Wiemers & Redick, 2018). Hence, to assess
whether cognitive control improved as experience was gained, the distraction indices for the
first block of each valence of distractor were compared to the second (shown in Figure 11). An
exploratory 2 (Valence: Neutral, Negative) x 2 (Block: First, Second) x 3 (Predictability
condition: Predictable low-frequency, Unpredictable low-frequency, Unpredictable high-
frequency) mixed ANOVA was conducted. Analyses indicated a main effect of Predictability
condition’, F(2,91) = 4.66, p = .012, 1,° = 0.09, and Valence'®, F(1,91) =26.9, p < .001, n,° =

% A Tukeys HSD showed only, as in the previous distraction index analysis, significantly greater distraction in
the predictable (M = 47, SD =82) over the unpredictable high frequency condition (M = 16, SD = 52), p = .009.
10 Indicating increased distraction by negative (M = 52, SD = 77) over neutral (M = 15, SD = 51) distractors.
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0.23, without an effect of Block nor any interactions, counter to what would be expected if
participants improved over time.

It may also be that not much exposure is needed before control is modified. To further
assess whether participants improved with experience acquisition, performance was assessed
only within the first block of trials where experience was likely to cause the greatest change.
The trials in the first block of the experiment were separated into three groups: the initial third,
second third and final third of trials, capturing the start, middle and end of the block. Figure 12
shows the mean RTs for each condition when divided in this way. Mean RTs for each condition
trended differently, rising in the predictable low-frequency condition, decreasing in the
unpredictable low-frequency condition and remaining steady in the unpredictable high-
frequency condition. To clarify the nature of these changes an exploratory 2 (Block progress:
Start, Middle, End) x 3 (Predictability condition: Predictable low-frequency, Unpredictable
low-frequency, Unpredictable high-frequency) x 2 (Distractor type: Intact, Scrambled) mixed
ANOVA was completed, finding only an effect of Distractor type!!, F(1,88) = 18.00, p <.001,

1> = 0.17, providing no evidence that experience of distraction over time reduced distraction.
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Figure 11. Experiment 2 Distraction indices by Predictability condition, Valence and Block
Note. Diamonds indicate mean Distraction index. Boxes contain the middle quartiles and the
bar indicates median Distraction index.

' Indicating greater RTs to intact-distractor (M = 677, SD = 131) than to scrambled-distractor trials (M = 640,
SD =109)
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Figure 12. Experiment 2 RTs for the first block of the experiment divided into the first,
middle and final 16 trials, by Predictability condition and Distractor type

Note. Diamonds indicate mean RT. Boxes contain the middle quartiles and the bar indicates
median RT.

Discussion

Experiment 2 set out to replicate the unexpected results of Experiment 1 and further
test the hypothesis that expectation of upcoming distractors improves control. A high frequency
unpredictable distractor condition was also included in the replication to compare the effect of
expectation to the effect of distractor frequency. Experiment 2, in a direct test of the effect,
replicates previous frequency manipulations (Grimshaw et al., 2018; Schmidts et al., 2020) in
that distraction was lower in the unpredictable high-frequency condition than in the
unpredictable low-frequency condition. However, emotional distraction was still observed in
both the unpredictable high-frequency and unpredictable low-frequency conditions. Hence,
while emotional distraction was less prominent when distractors were frequent, the present
study did not provide evidence that increased distractor frequency allows participants to control
their attention well enough to ignore emotional distractors as they did neutral distractors.

Regarding the effect of expectation, three competing predictions were proposed. The
first mirrored the predictions of Experiment 1. In support of expectation-based strategically
implemented proactive control distraction was predicted to be greater in the unpredictable low-
frequency condition than in the predictable low-frequency condition. This was contrasted by
the second prediction, derived from the unexpected results of the first study, which stated that

expectation of upcoming distractors does not necessarily bias control and therefore, distraction
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should not differ between the unpredictable low-frequency condition and the predictable low-
frequency condition. The third alternative prediction stated that expectation of upcoming
distractors increases distraction meaning distraction should be greater in the predictable low
frequency condition.

Distraction did not differ between the predictable low-frequency condition and the
unpredictable low-frequency condition, lending support to the second prediction that proactive
control implementation is not driven solely by expectation of distractors. Distraction was also
found to be significantly lower in the unpredictable high-frequency condition than in the
predictable low-frequency condition supporting the suggestion that participants were not
enacting proactive control in the predictable low-frequency condition. The results therefore
converge with studies that find that control is not improved when upcoming conflict is expected
(Augst et al., 2014; Bugg et al., 2015; Fernandez-Duque & Knight, 2008; Kleinsorge, 2007;
Moher & Egeth, 2012; Schmidts et al., 2020). However, in contrast with Experiment 1 and
previous emotional distraction studies (Kleinsorge, 2007; Schmidts et al., 2020) distraction was
numerically but not statistically greater in the predictable low-frequency condition than in the
unpredictable low-frequency condition. Thus, while expectation was not found to benefit
control it was also not found to increase distraction in Experiment 2.

The present findings are in contrast with studies (typically assessing response conflict)
which indicate that expectation improves control (Braver et al., 2003; Bugg & Smallwood,
2016; Correa et al., 2008; Dreisbach et al., 2002; Havli¢ek et al., 2019; Liu & Yeung, 2020;
Logan & Zbrodoff, 1982; Monsell et al., 2003). There are previous studies using response
conflict tasks which have found evidence in favour of experience-based control (e.g. Bugg et
al. 2015). However, the fact that evidence for expectation-based control stems mostly from
response conflict tasks may suggest that different mechanisms may underlie the detection and
resolution of response conflict and perceptual conflict (as induced in the present experiment)
(Egner, 2014). In which case, the present findings may apply only to cognitive control in cases
of competition between task-relevant and task-irrelevant emotional visual stimuli.

In addition to investigating the effect of expectation, Experiment 2 included a subjective
measure of expectation, the post-experiment questionnaire. A substantial number of
participants were unable to correctly report the distractor frequency, or whether distractors
were ordered within their conditions. This is surprising, given that this information had been
presented multiple times, during instructions and practice trials. Participants in both the
predictable low-frequency and unpredictable high-frequency conditions were also less able to

correctly indicate whether distractors were ordered or random, relative to the unpredictable
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low-frequency condition. Moreover, it appears that those in the unpredictable high-frequency
condition were the most likely to incorrectly report distractor frequency. Hence participants in
the unpredictable high-frequency condition, where control was most effectively applied,
showed the least awareness of the predictability manipulation while those in the unpredictable
low-frequency condition, where control was less effective!?, indicated better awareness.

A greater proportion of participants in the predictable low-frequency condition also
indicated that they were able to predict upcoming distractors and were more likely to report
using a strategy to deal with intact-distractor trials. However, those in the predictable low-
frequency condition who indicated that they could predict distractors were no more able to
ignore them than those who did not. Furthermore, when assessing the strategies reported by
participants in the predictable low-frequency condition very few indicated that they prepared
proactively for an upcoming intact-distractor trial. This could mean that strategic use of
expectation is uncommon, and that awareness of the predictability manipulation did not
improve performance. In all, the post-experiment questionnaire responses provide support for
the arguments of Blais et al. (2012), who suggest that the explicit and implicit experiences of
participants are distinct, and that participants’ subjective feelings of expectation do not
correlate with cognitive control.

The exploratory analyses completed in Experiment 2 also provide evidence which
supplements the main conclusion that expectation of distractors does not improve control and
may allude to the mechanism by which experience can modify control. Conflict adaptation
(upregulation of control following exposure to conflict) could explain differences in distraction
between the groups as there is greater opportunity for conflict adaptation to occur when
distractors are frequent as opposed to infrequent (i.e. a greater likelihood of sequential intact-
distractor trials). Hence, participants may be enacting control on a trial-by-trial basis, based on
experiences on the previous trial, regardless of expectations. However, no interaction between
Previous trial type and Distractor type was observed, suggesting that previous trial conflict did
not lead to an upregulation of control in such a way as to specifically mitigate distraction.
Additionally, in the predictable low-frequency condition, RTs did not indicate short term
improvement and subsequent reduction in control after an intact-distractor trial. Hence no
support was found for conflict adaptation as a mechanism through which experience biases
control when distractors occur frequently. Exploratory analyses also indicated that distraction

does not significantly decrease as a function of exposure to distractors over trial-blocks nor

12 Relative to the unpredictable high-frequency condition.
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within the first block of the experiment, as was expected in the unpredictable high-frequency
condition if some amount of experience is necessary to modify control. Thus, there is no
indication that a gradual change in control had occurred over time.

In sum, it is clear from both Experiments 1 and 2, that expectation of upcoming
distractors did not lead to improved cognitive control of attention. In Experiment 2, however,
distraction was not increased by expectation. The present series of experiments suggests that
experience of past conflict rather than expectation of upcoming conflict biases cognitive
control mechanisms to a more proactive style when distractors occur frequently.

General Discussion

Emotional distraction detracts from our ability to effectively navigate the visual world.
To achieve our day-to-day goals, we implement cognitive control mechanisms to avoid
emotional distraction. How effectively we control our attention is, however, determined by the
current context, driving us to implement either proactive or reactive control mechanisms
(Braver, 2012). Previous evidence indicates that distraction can be effectively avoided when
emotional distractors occur frequently, presumably allowing us to enact proactive control
mechanisms (Grimshaw et al., 2018). What is unclear, is whether the shift towards more
effective proactive mechanisms is based on the expectation of future distraction, or because we
have gained experience in dealing with these distractors (Bugg et al., 2015; Bugg & Crump,
2012; Schmidts et al., 2020).

Two experiments were conducted to assess whether expectation or experience biases
control implementation towards being more proactive. Experiment 1 set out to assess whether
participants could enact proactive control mechanisms when emotional and neutral distractors
were infrequent, but expected, in the emotional irrelevant-distractor task. Participants were
asked to identify whether the letter K or N was present in a letter array while negative or neutral
task-irrelevant distractors were presented in the periphery. Distractors occurred on 25% of trials
but occurred either in sequence (the predictable low-frequency condition in which expectation
of upcoming distractors was high) or randomly (the unpredictable condition in which
expectation of distractors was low). Results contradicted predictions as greater predictability
of distractor occurrence did not lead to less distraction. In fact, analyses indicated that
participants were more distracted when distractors were predictable, suggesting a paradoxical
expectation effect in which distraction was increased rather than mitigated.

Experiment 2 set out to replicate Experiment 1. To maximise the likelihood of
emotional distraction and the predictability of distractor occurrence, the emotional irrelevant-

distractor task was modified to present distractors centrally, as opposed to presenting them in
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peripheral quadrants. An unpredictable high-frequency condition (distractors occurring on a
random 75% of trials) was also added to allow me to directly assess the effect of distractor
frequency (Grimshaw et al., 2018; Schmidts et al., 2020), providing a baseline against which
to compare the effect of expectation. Distraction by both neutral and negative distractors was
numerically, but not significantly, greater when distractors were predictable, compared to when
they were equally frequent (25% of trials) but occurred randomly. Moreover, distraction in the
predictable low-frequency condition was greater than that of the unpredictable high-frequency
condition (with intermediate levels of distraction in the unpredictable low-frequency
condition), indicating that experience rather than expectation of distractors, drove improved
performance when distractor frequency was high. In comparing the predictable low-frequency
condition to a typical frequency manipulation'®, findings from Experiment 2 further indicated
that task performance in the predictable low-frequency condition likely reflected the use of
reactive, not proactive, control.

Expectation and Experience

Top-down cognitive control'*

is thought to bias the competition between visual stimuli
for attentional resources in an effortful and deliberate manner. According to the DMC
framework, we implement effortful proactive control mechanisms when we have built an
expectation of upcoming perceptual conflict and are therefore able to strategically and pre-
emptively prepare for this conflict. The current results, however, suggest that we are not biased
towards a more proactive style of control based on this expectation. Instead of expectation, the
current findings suggest that it is the experience of previous conflict that modifies control.
Since proactive top-down goal directed control is predicated on the assumption that it is
strategic and deliberate (Braver, 2012); how are the current findings of experience-based
control representative of deliberate top-down cognitive control of attention?

One possibility is that top-down control is not always voluntary and/or strategic and
can arise implicitly through experience (Blais, 2010; Gaspelin & Luck, 2018). From this
perspective previous experience can, in a top-down manner, control attention to better achieve
goals, and avoid distraction, when distractors occur frequently. The way in which experience
is gained and is able to affect control automatically has been suggested to be the result of

implicit statistical learning!® (Blais et al., 2012). Critically, this form of learning occurs quickly,

13 The comparison between the unpredictable low-frequency and unpredictable high-frequency conditions.

14 The term top-down control should be considered synonymous with cognitive control as illustrated by the DMC
framework.

15 Both statistical learning and implicit learning reflect automatic learning and are considered to be very similar
processes (Perruchet & Pacton, 2006). Note however that some may prefer the term statistical learning over
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automatically and without awareness or instruction (Fiser & Aslin, 2001). In the visual
modality, implicit statistical learning involves the learning of visual regularities, i.e. the
repeated presence or absence of stimuli and the regularity with which they are arranged in space
and time (Fiser & Aslin, 2001; Zhao et al., 2013). The location and regularity of distractor
occurrence are therefore prime candidates for statistical learning processes, allowing
participants to gain experience of distractors to benefit future cognitive control.

Implicit changes in top-down control are also compatible with the dynamic nature of
cognitive control, a key facet of the DMC framework. When contexts shift (as they constantly
do) the relative costs and benefits of control mechanisms shift as well. However, it is unlikely
that we respond to these shifts with frequent, deliberate and taxing strategic shifts in top-down
control (Blais, 2010). Implicit modifications of control (based on experience of the current
context) then provide a way for control to be implemented in a contextually appropriate and
cost-effective way, without constant, deliberate shifts.

From an implicit learning standpoint, awareness of the statistical regularities present in
the environment would be minimal. If we were aware of them, control would no longer be
implicit. Hence, experience-driven control and implicit learning processes should be reflected
in limited awareness. Conversely, if control is expectation-based and strategic, control
effectiveness should be reflected in awareness and strategy in control implementation (Blais,
2010; Blais et al., 2012).

Blais et al. (2012) have previously shown that participants’ ability to control their
attention does not align with their awareness of the statistical regularities of conflict. The results
of the Experiment 2 post-experiment questionnaire suggest a similar disconnect between
participants’ reported awareness of the predictability and distractor frequency manipulations,
and their ability to avoid distraction. When asked to report whether they had implemented a
strategy to control their attention, most participants (regardless of condition) indicated that they
were not engaging in a strategy to prepare for upcoming distractors. Furthermore, questionnaire
responses indicated that the majority of participants in the predictable low-frequency condition
were aware that distractors were presented in a set order, but also that those who indicated that
they could anticipate upcoming distractors were just as distracted as those who did not'®. The

fact that distraction was still high in the predictable low-frequency condition indicates that

implicit learning. For the present discussion, what is important is that both allow the individual to learn statistical
regularities without awareness.
16 In fact, they were numerically, but not statistically, more distracted.
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participants did not make use of the predictable order of distractions to implement control,
regardless of whether they were aware of this manipulation or not.

In the unpredictable high-frequency condition, participants were the least accurate in
identifying distractor frequency, with many also reporting that distractors were not presented
on random trials. Here, where participants’ control over attention was greatest, awareness of
the frequency manipulation was the lowest. In contrast, in the unpredictable low-frequency
condition (in which control was worse than in the unpredictable high-frequency condition),
participants were more accurate in indicating the percentage of trials and whether they were
ordered. Combined, these post-experiment questionnaire responses therefore indicate that the
ability to avoid distraction was not influenced by the awareness of distractor frequency or
predictability, but simply the frequency itself, which is indicative of implicit learning of
distractor regularity rather than strategic use of expectations.

Participants in the present experiments therefore did not implement effortful proactive
control when distractors were expected. Nor did they indicate that they were strategically
implementing control or that they were aware of the environmental regularities (e.g. distractor
frequency and/or distractor predictability) which implicate the need for effective control. This
was true even when participants did implement effective (likely proactive) control mechanisms
and could avoid distraction. Thus, to answer the question, “how are the current findings of
experience-based control representative of deliberate top-down cognitive control of attention?”’
the present findings suggest that when distractors occur frequently, experience may implicitly
bias individuals towards using proactive top-down control mechanisms based on implicit
statistical learning.

Evidence Against a Solely Experience-Based Account of Cognitive Control

To be clear, I am not suggesting that proactive control is never driven by expectation
(Blais, 2010). Indeed, the current experiments cannot provide conclusive evidence that either
experience or expectation of distractors alone are sufficient drivers of proactive control. Were
proactive control based solely on expectation, there would be less distraction when distractors
were predictable and infrequent as compared to when distractors were unpredictable and
infrequent. This pattern was not observed in either Experiment 1 or 2. Conversely, were
proactive control based purely on previous experience, our ability to enact effective control
would be reliant on the exposure to conflict in the environment. However, exploratory analyses
of change in control over time indicated that, across all conditions, RTs during the first block

did not decrease as participants progressed through the block, nor did distraction differ between
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the first and second trial blocks of either valence!”. Moreover, even though the ability to control
attention in the predictable condition was likely determined by the limited experience in the
context of low distractor frequency, the paradoxical expectation effect observed in Experiment
18 itself suggests that expectation still modifies control by increasing distraction. In the present
investigation control was therefore likely dependent to some extent on the influence of both
expectation and experience.

The current investigation is not alone in suggesting mixed use of expectation-based and
experience-based control. Bugg et al. (2015), using the Stroop task, found that the Stroop effect
was greater when conflict was infrequent but cued as opposed to when it was infrequent but
uncued. However, cues did not alter the size of the Stroop effect when conflict was frequent
and cued compared to when it was not cued. Expectation, therefore, still had some effect in the
low conflict frequency condition but did not alter control when conflict was frequent. The
overall difference in the magnitude of the Stroop effect (between the high and low conflict
conditions) did however reflect that control was based on conflict frequency (i.e. experience).
Moreover, when participants were provided with adequate incentive, performance on the first
trial of a block was observed to be modified by a pre-block conflict likelihood cue while the
remainder of trials indicated an experience-driven implementation of control (based on the
frequency of conflict). Hence, participants made use of frequency information (experience) but
also used pre-block cues (expectation) when incentivised to do so.

Similarly, the amount of time participants have available to prepare for upcoming
distraction (e.g. the length of the cue-to-stimulus interval) has been previously shown to alter
whether cues benefit control. Bugg and Smallwood (2016) observe a cue benefit in their first
experiment only at the longest cue-to-stimulus interval (2000 ms). Logan & Zbrodoff (1982)
indicated that, using the cued above/below modified Stroop paradigm, that the benefit of not
just pre-trial cues but the implementation of planned strategic control is dependent on the task
environment (e.g. cue-to-stimulus delays) but also on the abilities of the individual completing
the task (e.g. how practiced they had become with the task). What these studies show is that
there can be cases where expectation-based control is simply not likely to occur based on the

constraints of the context at the time (i.e. the characteristics of the experiment task). In all, the

17 Perhaps the fact that training blocks presented distractors at the same frequency as the experiment proper, meant
that participants did modify control based on experience prior to the first block of trials. In future studies, analysis
or removal of the training trials may then be necessary to capture the experience-based performance change not
seen in Experiment 2.

'8 The same difference is also seen in Experiment 2 but did not reach statistical significance (p = .551).
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current and previous findings indicate that we may be able to use both experience and
expectation to bias cognitive control towards or away from proactive mechanisms.

This implies that control can be based on expectation and/or experience dependent on
the context. One could speculate that, since using effortful proactive control is still beholden
to differences in costs and benefits of its implementation, effortful and strategic use of
expectation-based control will be more likely when the benefit of doing so is increased. We
may then make use of implicit experience-based mechanisms but also implement expectation-
based control in an effortful and strategic manner if benefited enough to counteract the costs
of doing so. As an example, motivation to perform well on experimental tasks, typically
induced through rewarding good performance, may lead to more effective, possibly
expectation-based, cognitive control, even when experience alone would otherwise bias
participants towards reactive control (Liu & Yeung, 2020; Walsh et al., 2018, 2019). From this
perspective, the current results suggest that, in manipulations of distractor frequency,
experience predominantly biases control, but given the appropriate contextual factors (e.g.
motivation, adequate preparation time) an effect of expectation of distractors on control could
possibly be observed.

Sustained and Dynamic Proactive Control

It is difficult to suggest specifically how experience modifies control since the influence
of distraction frequency on cognitive control is, in many ways, still unclear. In the case of high
distractor frequency for example, it is unclear whether experience-based proactive control
occurs via sustained or more dynamic proactive control implementation. Sustained proactive
control involves the constant goal monitoring and updating, leading to a “state-like” shift
towards more effective control mechanisms (Braver, 2012). Conversely, dynamic proactive
control involves transient pre-emptive control implementation. In experimental contexts,
dynamic control such as this occurs just prior to the start of a trial, allowing participants to
rapidly implement control in a phasic manner (Braver, 2012; Murphy et al., 2018).

In a recent electro-encephalography (EEG) study using the emotional irrelevant-
distractor paradigm, Murphy et al. (2018) provides evidence which supports sustained
proactive control. Distractors were presented (in quadrants) on either 25% or 75% of trials in
the emotional irrelevant-distractor task. A typical effect of distractor frequency was observed
in which distraction was greater in the 25% (low frequency) condition. Posterior-occipital

Alpha!®, thought to be an inverse measure of attentional engagement (Boudewyn & Carter,

19 Oscillatory activity at ~8 to 12 Hz, measured at occipital electrodes.
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2018), was also measured to assess the dynamic changes in control with EEG methods,
allowing good temporal resolution of this change. Alpha power was tonically suppressed
(overall lower alpha power) in the high relative to the low-frequency condition. Authors
interpreted this result to indicate that proactive control was enacted in the high but not the low-
frequency group. Therefore, EEG evidence suggests that participants were able to engage in
sustained attentional engagement (i.e. proactive control) when distractors occurred frequently
as opposed to infrequently.

Conversely, it is harder to make the case for the use of dynamic proactive control
mechanisms in response to high distractor frequency. In a typical distractor frequency
manipulation, it is likely difficult to implement dynamic proactive control before the onset of
the task and distractors, particularly if these distractors are uncued. Indeed Murphy et al. (2018)
found that phasic changes in alpha power (dynamic changes in the period prior to distractor
onset) did not differ between high and low frequency conditions, suggesting that dynamic
proactive control was unaffected by distractor frequency.

That said, a possible method by which control may be altered dynamically is by conflict
adaptation (Wiemers & Redick, 2018). Conflict adaptation is the resulting upregulation of
cognitive control in response to conflict detection leading to a conflict control loop in which
control is upregulated based on the occurrence conflict (Krug & Carter, 2012). On a trial-by-
trial basis, conflict adaptation has been shown to lead to reductions in conflict effects (e.g. the
Stroop effect) when the previous trials had been incongruent as opposed to congruent (Larson
et al., 2009). A plausible explanation of increased control with increased conflict frequency is
that there are more opportunities for conflict adaptation in high relative to low conflict
frequency contexts simply due to the difference in number of subsequently occurring conflict-
present trials. (Blais, 2010). In cases of high rather than low conflict frequency, conflict
adaptation effects should then lead to an overall improvement in control across trials by
inducing more frequent implementations of dynamic proactive control.

Conversely, Experiment 2 exploratory analyses assessing whether conflict on previous
trials influenced distraction showed that there was no improvement of control when intact-
distractor trials were preceded by an intact-distractor trial in either of the unpredictable
conditions of Experiment 2, nor was there improved task performance following an intact-
distractor trial in the predictable low-frequency condition. Hence, conflict adaptation, as a
mechanism of dynamic proactive control, is likely not occurring in the present experiments.

Note, however, that Experiment 2 was not designed to investigate whether conflict adaptation
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mitigates distraction, and that the exploratory conflict adaptation analyses were underpowered
as few trials were available.

The current study is not the first to show a frequency effect without evidence for conflict
adaptation (Augst et al., 2014; Egner, 2007; Kunde & Mauer, 2008; Schmidt et al., 2015;
Torres-Quesada et al., 2013). Perhaps then, experience-based control occurs via different
(possibly sustained) mechanisms than conflict adaptation possibly reflecting learning processes
such as contingency learning that bypass, or occur in place of, conflict adaptation (Chiu &
Egner, 2019; Schmidt, 2013).

Future studies addressing whether conflict adaptation does in fact drive frequency
effects, may indicate whether the greater cognitive control seen in cases of high distractor
frequency is in some part due to dynamic processes of proactive control. A possible future
experiment could investigate whether participants do adapt to the conflict on distractor present
trials by manipulating the likelihood of sequential distractor-present trials. Using the present
paradigm (with low distractor frequency), trials could be ordered in such a way as to create
sequential distractor-present trial sequences (e.g. always presenting distractors in sequential
trial pairs) creating a condition wherein conflict adaptation is induced on the second trial of a
pair. Such a condition could then be compared to a condition similar to the predictable
conditions of the present experiments where sequential distractor present trials never occur.
Conflict adaptation based on a preceding trial would therefore only be possible in one
condition. If control is greater in the condition in which conflict adaptation is possible, it would
provide an indication that conflict adaptation could be acting as a method of dynamic proactive
control.

Selection History as an Alternative Explanation

Previous studies which find evidence in favour of expectation-based proactive control
(Aarts & Roelofs, 2010; Gonthier et al., 2016; Logan & Zbrodoff, 1982), have primarily
implemented response conflict tasks (e.g. flanker and Stroop-like tasks). Conversely, emotional
distraction studies which induce perceptual conflict, including the present experiments, have
not found evidence of expectation-based proactive control (Kleinsorge, 2007; Schmidts et al.,
2020). One could suggest that this difference in findings is driven by the fact that these studies
induce conflict differently (i.e. response conflict or perceptual conflict). The present discussion
should then address a possible alternative explanation for the present findings that may be
unique to the use of irrelevant-distractor paradigms.

A plausible way in which distractor frequency can bias the allocation of attention,

specific to the resolution of perceptual conflict, is selection history; the biasing of attentional
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allocation based on previous attentional selections (Theeuwes, 2019). Specifically, previous
attentional selection is thought to modify priority maps, which dictate where attention is
directed (Awh et al., 2012). This account suggests that statistical regularities, i.e. frequent
distractors in the same location, can bias priority maps and allow for selective spatial
suppression of irrelevant stimuli. As an example, Wang and Theeuwes (2018) found that when
distractors occurred more frequently in some areas as opposed to others, participants were able
to better ignore a future distractor presented in those areas. Hence, based only on the consistent
occurrence of task-irrelevant stimuli in space, selection of task relevant stimuli could be greater
at higher distractor frequencies.

This is, however, not reflective of experience-based top-down control. A solely
selection history-based explanation of the current findings does not implicate a change in top-
down control settings. Theeuwes (2019) in fact suggests that previous attentional selection
implicitly biases the allocation of attention as a third factor, distinct to traditional bottom-up
and top-down influences. Hence the current and similar previous findings (e.g. Kleinsorge,
2007; Schmidts et al., 2020) could be evidence of the effect of selection history (improved
distractor suppression at high distractor frequency) rather than experience or expectation based
proactive top-down control.

Theeuwes’s view of selection history has received criticism, with some arguing that the
effect of selection history does not necessarily exclude changes in top-down control
implementation (Awh et al., 2012; Gaspelin & Luck, 2018). Many models of spatial attention
have also made efforts to incorporate top-down implicit control and selection history,
specifically focusing on priority maps and spatial attention (Awh et al., 2012; Todd &
Manaligod, 2018; Wolfe et al., 2003). Selection history may then also act to modify top-down
control settings in some way to bias the allocation of attentional resources in some goal directed
fashion, possibly even as a mechanism of experience modified top-down control in irrelevant-
distractor paradigms.

Future research could clarify the effect of selection history on the control of attention.
Using the same design as Experiment 1, distraction by neutral and emotional task-irrelevant
images could be compared between a condition in which distractors are presented in fixed
locations and a condition in which they are not. For example, if distractors could occur at any
location around a central letter array and not at any one location with regularity, participants
would not be able to suppress distractor location accurately in comparison to a condition where
distractors could only occur in a single or a few locations (e.g. presented above or below the

letter array equally often). Equal distraction across conditions, would then be evidence against
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the action of selection history in modifying control. However, if distraction is substantially
reduced when distractors occur regularly at a location relative to when their location is jittered,
then participants may be suppressing distractor location based on a priority map and previous
attentional selection.

Are Emotional Stimuli Special?

In addition to the findings regarding experience driven control, the present experiments
indicate that emotional stimuli were more distracting than non-emotional stimuli, supporting
previous studies which show that emotional stimuli can preferentially capture attentional
resources even when these stimuli are irrelevant and presented alongside task-relevant stimuli
(Carretié, 2014; Carretié et al., 2004; Grimshaw et al., 2020; Grimshaw et al., 2018; Pessoa,
2009; Schmidts et al., 2020). Experiment 2 also provides support for previous studies which
indicate that increased distractor frequency enhances cognitive control and reduces distraction
(Augst et al., 2014; Grimshaw et al., 2018; Schmidts et al., 2020). That said, greater distraction
was found for trials containing emotional distractors than those containing neutral distractors,
even in the unpredictable high-frequency condition. Thus, emotional stimuli were still more
distracting than neutral stimuli even when proactive control was likely being implemented to
direct attention.

Studies using emotional stimuli in conflict inducing tasks have previously shown that
participants respond to emotional stimuli differently to neutral stimuli. As an example, Kunde
and Mauer (2008) compared task performance on an irrelevant-distractor task, based on the
valence of the distractor presented on the previous trial (either negative, neutral, or positive).
Participants were required to respond to the colour of a frame surrounding an emotional image.
Neutral images on the previous trial did not influence task performance on trials containing
either negative or neutral images. Task performance was however slowed on trials containing
both negative and positive images when the previous trial contained a negative image. Only
negative images caused slower responding when the previous trial contained a positive image.
Simply put, negative emotional stimuli on a previous trial did not lead to a reduction in
distraction by an emotional image (negative or positive) whereas neutral images on previous
trials did. Negative stimuli in fact appeared to facilitate attention to emotional stimuli on
upcoming trials, suggesting that the conflict caused by the presence of emotional (particularly
negative) stimuli did not reduce the attention given to irrelevant stimuli in subsequent trials
(counter to what a conflict adaptation perspective would predict). Similarly the valence specific
paradoxical expectation effect (Kleinsorge, 2007; Schmidts et al., 2020) contradicts an

expectation-based control perspective, as distraction is increased rather than mitigated when



EXPECTATION AND THE COGNITIVE CONTROL OF ATTENTION 56

negative but not neutral trials are cued. The present findings themselves indicate that emotional
stimuli are not ignored as well as neutral stimuli at high distractor frequency suggesting
experience-based proactive control is less effective when applied to emotional stimuli.

These findings illustrate that emotional stimuli elicit different control responses as
compared to neutral stimuli. A possible reason why, is that these emotional stimuli, while
irrelevant in context of the experimental tasks, are still salient because they are relevant to the
individual more broadly (i.e. survival goals) as signals of harm and reward. Preferentially
paying attention to emotional stimuli is after all adaptive (Pessoa, 2009). Emotional distraction
may therefore present a unique challenge for cognitive control due to the inherent relevance
and salience of emotional distractors.

The Paradoxical Effect of Expectation

Similar to the findings of Kleinsorge (2007) and Schmidts et al. (2020), the present
experiments also found indications of a paradoxical expectation effect when distractors were
expected in both negative and neutral trial blocks?°. However, contrary to these previous
findings the paradoxical expectation effect was only numerically and not statistically greater
for negative distractors relative to neutral distractors. Nonetheless, the present findings indicate
that expectation may have a harmful effect on control.

A possible explanation of the paradoxical expectation effect is that it is indicative of
the attentional white bear effect; the allocation of attention to expected stimuli when these
stimuli are to be ignored (Tsal & Makovski, 2006). The white bear effect suggests that all
stimuli incur automatic processing regardless of task relevance (Lahav et al., 2012; Moher &
Egeth, 2012; Tsal & Makovski, 2006). Hence, if distractors are automatically processed,
avoidance of distraction would require that they would subsequently need to be suppressed
for participants to focus on the letter task (Geng, 2014)2!. When a distractor is expected, the
content of the distractor may be primed, leading to an increased engagement with the
distractor (e.g. allocation of limited attentional resources) prior to suppression, slowing RT to
the letter task.

Emotional stimuli may add a further complication as attention to these stimuli are
prioritised. The valence specific nature paradoxical expectation effect in previous studies may
then be indicative of the fact that there is value in being able to predict where and when

emotional stimuli occur to allow them to be attended to adequately. Further investigation into

20 Statistically significant in the Experiment 1 Distraction-index analysis and numerically so in Experiment 2.
2! This suggests a predominantly reactive mechanism of control, however, there are accounts (Geng, 2014) which
indicate that suppression in this way can be prepared for proactively.
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emotion-specific paradoxical expectation effects could further our understanding of the
processes of selective attention and emotional distraction. A future study could compare
distraction by neutral and emotional images when cues were and were not valid for upcoming
trial valence (e.g. by including uninformative and incorrect pre-trial cues in the emotional
irrelevant-distractor task). If distraction is increased by the fact that cues increase the
attentional engagement with upcoming distractors, then distraction should be greater when
distractors are cued and not when distractors are falsely cued or uncued. The valence-specific
nature of the paradoxical expectation effect can be addressed in the comparison between
emotional and neutral distractors which follow valid and invalid cues. If slowing is valence
specific, the difference in distraction between invalidly and validly cued distractors should be
greater for emotional than for neutral distractors.
Caveats and Limitations

Findings of the current experiments suggest that expectation alone does not bias
individuals to implement cognitive control. However, the caveats and limitations which
accompany the present findings should also be acknowledged. Caveats include the use of
sequential distractor presentation as a method of inducing expectation and the fact that the
current results cannot speak to the effect of expectation on the avoidance of positive distractors.
Limitations include the lack of a predictable high-frequency condition and the possibility that
participants had been cued to the proportion of distractors in all conditions during the
experiment instructions.

Manipulating Predictability

A caveat to the current findings is that the way in which the present experiments made
distractors predictable (as inspired by the alternate run procedure) is novel in an emotional
distraction study. This method was chosen to avoid possible priming effects and the fact that
cues have been shown to provide differing levels of benefit, depending on motivation and cue-
to-stimulus interval. Additionally, using the alternate run inspired manipulation meant that
little modification of the emotional irrelevant-distractor paradigm was required, allowing the
unpredictable conditions to essentially be replications of previous distractor frequency
manipulations. However, it may be that the sequential presentation of trials in the predictable
low-frequency condition did not induce expectation of an upcoming distractor as effectively as
pre-trial cueing (Koch, 2003). Indeed, while cueing of distractors has sometimes been
ineffective in the past, particularly when using emotional stimuli as task-irrelevant distractors,

there are still studies which show a cue benefit. There is then the possibility that that
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expectation-based proactive control occurs when pre-trial cues are used but not when
expectation is built via trial sequence.

A simple way to address whether the current predictability manipulation induces
expectation differently to explicit cues is to replicate Experiment 2 whilst including pre-trial
cues in all conditions. Distractors would then occur rarely and randomly in all conditions, but,
would be prefaced by either valid (a predictable condition) or uninformative (an unpredictable
condition) cues. If cues are found to reduce distraction relative to the unpredictable condition
(as expected from an expectation-based account of control), then the predictability
manipulation in the present experiments may not be inducing expectation as intended. If not,
then the replication would provide further support to the conclusion of the present experiments
that expectation alone does not drive proactive control implementation.

Positive Emotional Images

The current experiments also do not speak to the effect of increased expectation and
experience in the case of high arousal positive stimuli. There are previous studies which find
no difference between positive and negative images in terms of control implementation when
distractors are frequent (Grimshaw et al., 2018; Grimshaw et al., 2020). However, these stimuli
are still indicative of different environmental signals (i.e. reward and threat) and may also differ
in how they direct attention (Kleinsorge, 2007; Kunde & Mauer, 2008). Replication of the
current experiments using high arousal erotic stimuli (as used in Grimshaw et al., 2018) could
clarify whether expectation of upcoming conflict differentially affects control between
threatening and rewarding stimuli. Additionally, such a future study could also indicate
whether a paradoxical expectation effect still exists when positive emotional stimuli are used
instead of negative emotional stimuli. Kleinsorge (2009) indicated that this is not the case as
cued negative but not positive task-irrelevant images worsened participants ability to indicate
whether a mathematical equation had been correctly solved. A paradoxical expectation effect
may then be linked to expectation of upcoming threat rather than only the fact that we are
motivated to attend to any emotional images with sufficient ratings of arousal®2.

A Predictable High-Frequency Condition

A limitation of the design of Experiment 2 is the lack of a predictable high-frequency
condition. This condition could have shown whether increased predictability would have
improved control implementation over and above the effect of frequency and therefore whether

there are simultaneous and independent effects of experience and expectation. Yet, a high-

22 Taken here to as the measure of arousal taken by the Self-assessment manakin scale described in the methods.
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experience, high-expectation condition may not show any additional improvement when
distractors are frequent enough to elicit proactive control, as shown by Bugg et al. (2015). The
present study did not include such a condition since the question of interest concerned the effect
of expectation in a context where distractors occurred infrequently (i.e. when distraction was
more likely than not). The unpredictable high-frequency condition which was added in
Experiment 2 acted as a proactive control “baseline” against which to compare the effects of
expectation. A predictable high-frequency condition was therefore orthogonal to the goals of
the second experiment but may have indicated that expectation does influence control if
proactive control is already likely. An extension of the current study could be to replicate the
second experiment in a balanced 2 x 2 design, to allow for the assessment of the independent
contributions of experience and expectation to control.

Unintended Foreknowledge of Distractor Frequency

Another limitation is participant foreknowledge of distractor frequency. Participants in
all conditions of Experiment 2 were told the frequency with which distractors would occur

during the experiment®?

. This was necessary to provide equal knowledge of the task across
conditions, since those in the predictable low-frequency condition could easily realise the
distractor frequency (25%) when they were informed about the predictability manipulation (a
distractor on every fourth trial). This inadvertently creates a design similar to that used by Bugg
and colleagues (Bugg et al., 2015) wherein participants were explicitly provided with the
proportion of congruent trials prior to a block. An exclusively expectation-based
implementation of control may then still have occurred (as would be in line with the DMC
framework), as participants could expect upcoming distractor frequency to be low in the
predictable conditions and therefore choose to not implement proactive control since the
benefit to task performance would not outweigh the cost. This may also explain the lack of
experience induced change in distraction over time in the unpredictable high-frequency
condition of Experiment 2, suggesting participants adopted sustained proactive control at the
start of the experiment. If implicit learning is in fact taking place, foreknowledge of distractor
frequency would not be necessary to see an effect of distractor frequency. Thus, replicating the
current experiments without informing participants of frequency beforehand may provide a
more valid assessment of experience-based control.

Future Directions

BA similar situation existed in Experiment 1 but distractor frequency was only known in the predictable
condition. Participants in the predictable condition may therefore not have enacted proactive control since they
knew distraction was infrequent prior to the start of the experiment (i.e. were still influenced by expectations).
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Modifications of the present paradigm as mentioned above can likely address
methodological limitations and caveats. However, the current findings also pose new avenues
for future investigation. Present and previous experiments indicate that expectation and
experience are likely both used in context to bias control to be more proactive. This raises the
question; under what circumstances are we likely to implement control based on expectation
alongside, or in place of, experience?

The DMC framework assumes that individuals are motivated to perform optimally.
However previous studies have indicated that participants’ control over attention is greater
when they are rewarded for good task performance (Chiew & Braver, 2016; Padmala & Pessoa,
2011; Walsh et al., 2018, 2019) possibly suggesting that participants are not inherently
motivated to perform optimally. The link between control and reward can be reflected in the
cost/benefit analysis of the DMC framework. When considered this way, the benefit gained
from proactive control use may simply be insufficient to prompt participants away from
reactive control mechanisms if previous experience indicates that reactive control will suffice.
We may very well see that participants would implement proactive control based on their
expectations, even when distractor frequency is low, if they are adequately motivated by
benefits of optimal performance.

Using the same emotional irrelevant-distractor paradigm as used in Experiment 2, a
future study could present infrequent and frequent distractors alongside some method of
building expectation of upcoming distraction (e.g. cues or the sequential predictability
manipulation). The findings of the present experiment would suggest that experience would
drive participants to implement reactive and proactive control dependent on distractor
frequency and cues would have no effect. Participants could then be provided with monetary
reward for good performance (high and low-frequency incentivised conditions) or not receive
a performance contingent reward (high and low-frequency not-incentivized conditions).

Expectation of upcoming distractors may bias then participants to implement
expectation-based proactive control, even if distractors are infrequent, given that they have
adequate incentive to implement more costly control mechanisms (i.e. when the benefits
outweigh the costs). Cue benefits (e.g. lower distraction) could then be predicted in the
incentivised conditions but not in the not-incentivised conditions. When distractors occur
frequently, and proactive control is already likely. Lesser distraction based on motivation to
perform well would then indicate that improvements in cognitive control based on experience
and expectation are additive. A simple set of control conditions would be a frequency

manipulation (high and low) wherein distractors are uncued but performance is incentivised,
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allowing for the comparison between cued, incentivised task performance and uncued
incentivised task performance at either distraction frequency?*.
Conclusion

In this thesis I assessed whether expectation of upcoming distraction can bias cognitive
control mechanisms to a more proactive style. In my first experiment, I compared distraction
by neutral and emotional stimuli when participants were and were not able to expect infrequent
distractors. In the second experiment, I set out to replicate the results of the first while holding
distractor location constant and including a condition in which distractors were frequent and
unpredictable, to test the effects of distractor frequency.

I found that expectation clearly does not lead to lesser distraction by either neutral or
emotional images. In Experiment 1 expectation of upcoming distractors in fact worsened
distraction by both neutral and emotional images. Hence, present findings suggest that when
distractors are frequent, it is not the expectation of upcoming distraction alone that allows us
to avoid distractors more effectively. Rather, findings suggest that distractor frequency can
influence control through the experience we gain with distractors. However, both expectation
and experience are likely able to modify the type of control mechanisms we enact when faced
with attentional conflict. Cognitive control is therefore suggested to be driven by many
interacting factors, dependent on the context in which conflict occurs. The valence of visual
stimuli itself may be one such factor, posing a unique challenge in terms of how we control our

attention.

24 A post-experiment questionnaire could also assess whether motivation led to a more strategic use of the cues
(expectation) if the Experiment 2 methods are expressly replicated.
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IAPS Images and Ratings
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Mean (SD) ratings for valence and arousal, as taken from the female ratings in (Lang et al.,
2008) for the images used in experiments I and 2

Valence Arousal
Image Number Mean (SD) Mean (SD)
Neutral
2026 4.85 (0.85) 3.38 (1.88)
2102 5.13 (0.99) 2.92 (2.02)
2221 433 (1.24) 3.05 (1.83)
2305 5.14 (0.86) 3.05 (1.88)
2393 4.92 (1.05) 2.95(1.95)
2397 4.93 (1.05) 2.56 (1.65)
2411 5.06 (0.89) 2.96 (1.9)
2512 4.78 0.94() 3.29 (1.94)
2593 5.73 (1.5) 3.22 (1.96)
2595 497 (1.31) 3.65 (1.85)
2745.1 5.38 (1.22) 3.31(1.95)
2840 4.9 (1.23) 2.55(1.76)
Negative

3015 1.34 (0.71) 6.11(2.87)
3030 1.51 (1.07) 7.13 (1.88)
3059 1.47 (0.95) 6.5 (2.52)
3103 1.71 (1.02) 6.6 (2.07)
3131 1.4 (0.84) 6.62 (2.3)
3140 1.5(0.97) 6.94 (1.68)
3150 1.98 (1.54) 6.94 (2.07)
3195 1.79 (1.06) 6.42 (2.53)
3550.1 1.92 (1.34) 6.62 (1.9)
9253 1.6 (0.99) 5.65(2.58)
9405 1.59 (1.02) 6.77 (2.22)
9420 1.87 (1.54) 6.1 (2.37)
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Appendix B

Experiment 1 Supplementary Distraction index Analysis.

To further clarify the RT results, distraction was assessed directly by comparing
distraction indices (RT(distractor-present) — RT(distractor-absent)), which are presented
alongside matching RTs in Table 1. Distraction indices were entered into a 2 (Valence:
Neutral, Negative) x 2 (Predictability: Predictable, Unpredictable) mixed ANOVA. A main
effect of valence was observed, F(1, 102) = 12.28, p <.001, 5,° = .12, where negative
distractors (M = 27, SD = 43) elicited higher distraction indices than neutral distractors (M =
12, SD =29). In support of the Distractor type x Predictability interaction in the RT analysis,
a main effect of predictability was also observed, F(1, 102) =4.19, p = .043, 5,° = .04,
wherein, counter to hypotheses, distraction indices were lower in the unpredictable (M = 14,
SD = 33) than predictable condition (M = 25, SD = 40). As in the RT analysis distraction is
overall greater in the predictable condition in which participants were able to predict
distractor occurrence with 100% certainty. Moreover, the Predictability X Valence interaction
was non-significant, F(1,102) = 2.01, p = .159, 5,° = .02, indicating that the effect of valence

is not reduced by the expectation, as was predicted.
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Experiment 2 Post-Experiment Questionnaire?

“Note that all the information given to you during the instructions and practice trials was

truthful.”

How often were intact images present?

% of trials in a block

Did you feel as if the images were presented to you in a set order?
(Circle an option)

Yes No
Were you able to predict when an intact image would be present on the following trial?
(Circle an option)

Yes No
Did you use any strategy to prepare for the intact images on upcoming trials?
(Circle an option)

Yes No

If yes; what was this strategy?

2 Participants were reminded what is meant by an intact image and that the pre-experiment instructions were
truthful. They were also provided with an explanation that “set order” referred to the order of scrambled and intact
images within a block of trials.
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Appendix D

Participant Answers to Question 5 of the Experiment 2 Post-experiment Questionnaire.

Predictable condition

Distractor Focussed

Task Focussed

Active Preparation

“Concentrate at not focussing on anything
in particular”

“Squinted or even closed my eyes every
fourth go when the intact image was
present”

“Squinted my eyes a bit more to avoid
having to look at the full intact image”

“To avoid looking at the centre of the image
in case it was a gory image, and focus on
where the letter would appear”

“Focussing on the white cross”

“When I knew an intact image was coming,
I would look at the letters more”
“Emotionally bracing myself I guess”

“I told myself there was going to be one, so

I wasn’t surprised”

Unpredictable low-frequency condition

Distractor Focussed

“Avoid looking at it so [ could see the
letter. Focus my attention on the top and

bottom rows”
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Task Focussed

Active Preparation

“I blurred my vision so wouldn’t be as
shocked by the gory intact images”
“I didn’t look directly on the screen, kinda
“through” it so my side vision could see
everything but not directly at it”
“Ignore it, (well try)”
“Blur the image in my head and only gaze
above or below the photo”
“Just focus on the middle”
“I tried to focus on the centre of the image,
so | could get a full visual range to see
where and what the letter was”

None

None

Unpredictable high-frequency condition

Distractor Focussed .

Task Focussed =

Active Preparation

“I tried to block images, but I noticed the
sound of the beep affected me more in
making my choices”

“Just focussed on the cross, didn’t look at
the images”

“Checked the top row first, bottom row was
covered by doing that”

None
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Appendix E

Experiment 2 Preregistration and Amendment

Data collection

Have any data been collected for this study already? Note: 'Yes'is a discouraged answer for
this preregistration form.

No, no data have been collected for this study yet.

Hypothesis

Existing evidence shows that attention is biased towards emotionally charged stimuli, even
when they are irrelevant to our current goals. Recent studies also show that, when distractors
are frequent, distraction by emotional stimuli is decreased. An explanation for this increased
attentional control, is that high distractor frequency signals increased need for control over
and the enactment of more effective but taxing control mechanisms. However, studies also
show that cueing distractors or making their occurrence predictable, does not alter distraction.
We therefore hypothesize that foreknowledge of upcoming distractors and experience of
distractor frequency may trigger the enactment of different control mechanisms. This study
will directly compare the effects of predictability and increased distractor frequency on
distraction by emotional images.

Dependent variable

Mean Reaction time (RT): Time taken to respond to a simple letter identification task in
milliseconds, in each condition.

Distraction index (DI): The difference in mean reaction time between distractor present trials
and distractor absent trials.

Accuracy: The number of incorrect answers to the letter task in each condition.

Conditions

How many and which conditions will participants be assigned to?

Participants will be assigned to one of three conditions:

1) A predictable low frequency condition

2) An unpredictable low frequency condition, and

3) An unpredictable high frequency condition

All participants will complete an emotional distractor task wherein they are tasked to identify
a target letter in an array. The letter array will flank either an irrelevant intact image (neutral

or negative) or a pixel scrambled image. The study will consist of 4 blocks of 48 trials (2
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blocks each of neutral and negative distractors). Block order will be counterbalanced. In the
predictable condition, distractors will occur on every fourth trial. In the unpredictable
conditions, distractors will occur randomly throughout a block of trials on either 25%
(unpredictable low frequency condition) or on 75% of trials (unpredictable high frequency
condition).

Analyses

RT: Mean RT values will be compared using a 3 (Condition: Low Frequency unpredictable,
High Frequency Unpredictable, Predictable) x 2 (Distractor Valence: Negative, Neutral) x 2
(Distractor type: Present, Absent) Mixed ANOVA. If there are significant interactions with
distractor type, we will test the distractor present and distractor absent conditions separately,
to determine if conditions have similar baseline levels of performance when distractors are
absent.

DI: Distraction indexes will be compared using a 3 (Condition: Low Frequency
Unpredictable, High Frequency Unpredictable, Predictable) x 2 (Blocked Distractor Valence:
Negative, Neutral) Mixed ANOVA. Main effects of Condition will be followed up the one-
way ANOVA, with Tukey correction, to compare distraction across groups. Significant
interactions will be followed up with paired t-tests to compare negative and neutral
distraction in each condition, and one-way ANOV A (with Tukey correction) to compare
groups on negative and neutral distraction separately.

Errors: Accuracy analysis will be used to test for the existence of a speed-accuracy trade-off.
The number of errors will be compared using a 3 (Condition: Low Frequency Unpredictable,
High Frequency Unpredictable, Predictable) x 2 (Blocked Distractor Valence: Negative,
Neutral) Mixed ANOVA. Accuracy is expected to be high.

Outliers and Exclusions

Trials wherein participant responses occur within 200ms of stimulus onset will be excluded
as anticipatory responses.

Outliers will be defined as individuals having mean distraction of more than 3 standard
deviations from the group mean in any one condition.

An accuracy criterion will be implemented whereby participants will be removed from
analysis if accuracy on any block falls below 75%.

Sample Size

G*power analysis indicated 93 participants total would be needed to attain an effect size of
Cohen’s f= .33 with power = .9. When adjusting this to adequately counterbalance the

experiment, 96 participants (32 per condition) would need to be recruited. This sample size is
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large enough to detect main effects of both the within and between subject factors as well as
interaction effects.

Other

Participants will be asked in a post-experiment questionnaire if they noticed any pattern to the
appearance of distractors, to estimate how often they appeared, and to indicate whether they
adopted any strategy using this information. This will be used to assess whether participants
make use of the frequency and order information (of which they are made aware in the
beginning of the experiment). Exploratory analyses will use participant awareness as a
variable in the same analyses described above.

Name

Cognitive control over emotional distraction: The roles of predictability and experience
Preregistration amendment

This document is an amendment to the preregistration posted on August 2, 2019 for the
project “Emotional distraction alpha power”. At the time of writing this amendment, data
collection has yet to be completed and no analysis of the existing data has been attempted.
The purpose of this amendment is to correct an error made in the original submission and to
clarify the exclusion criteria prior to data analysis.

Error analysis

The preregistration should have stated that the error data will be assessed using a 3
(Condition: Low Frequency Unpredictable, High Frequency Unpredictable, Predictable) x 2
(Blocked Distractor Valence: Negative, Neutral) x 2 (Distractor type: Present, Absent)
Mixed ANOVA.

Exclusion criteria

The incorrect exclusion criteria were used in the original preregistration. To ensure that the
study remain in line with existing studies using the same/similar methods, the exclusion
criteria will be modified to the following. Participants will be removed from the analysis if
mean accuracy for neutral or negative blocks is found to be below 70%. Additionally,
participants will be removed if overall accuracy on the task falls below 75%.Trials wherein
participant responses occur within 200ms of stimulus onset will be excluded as anticipatory
responses and will not be included in the RT analysis.

Again, these changes are set in motion during data collection during a review of the existing

study materials, prior to the analysis of any data.



