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Abstract

The inattentional blindness phenomenon refers to situations where a visible but unexpected
stimulus remains consciously unnoticed by observers. This phenomenon is classically
explained as the consequence of insufficient attention, because attentional resources are already
engaged elsewhere or vary between individuals. However, this attentional-resources view is
broad and often imprecise regarding the variety of attentional models, the different pools of
resources that can be involved in attentional tasks and the heterogeneity of the experimental
paradigms. Our aim was to investigate whether a classic theoretical model of attention, namely
the Load Theory, could account for a large range of empirical findings in this field by
distinguishing the role of perceptual and cognitive resources in attentional selection and
attentional capture by irrelevant stimuli. Since this model has been mostly built on implicit
measures of distractor interference, it is unclear whether its predictions also hold when explicit
and subjective awareness of an unexpected stimulus is concerned. Therefore, we conducted a
systematic review and meta-analyses of inattentional blindness studies investigating the role of
perceptual and/or cognitive resources. The results reveal that, in line with the perceptual
account of the Load Theory, inattentional blindness significantly increases with the perceptual
load of the task. However, the cognitive account of this theory is not clearly supported by the
empirical findings analyzed here. Furthermore, the interaction between perceptual and
cognitive load on inattentional blindness remains understudied. Theoretical implications for the
Load Theory are discussed, notably regarding the difference between attentional capture and
subjective awareness paradigms, and further research directions are provided.
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1. INTRODUCTION

1.1. Inattentional blindness and resource-limited attention

Inattentional blindness (IB) is a well-known phenomenon in cognitive psychology
referring to situations in which an observer fails to consciously perceive a clearly visible but
unexpected stimulus (Mack & Rock, 1998). The phenomenon was reported for the first time by
Neisser and Becklen (1975), but the terms "inattentional blindness" were coined by Mack and
Rock (1998). Afterwards, IB has been popularized by the famous study of Simons and Chabris
(1999) in which a woman dressed as a gorilla remained largely unnoticed by participants asked

to count the passes made by a basket-ball team.

Since then, numerous studies have tried to decipher the factors relating to the task
settings (e.g., Most et al., 2001; Newby & Rock, 1998) and/or the individual differences (e.g.,
Simons & Jensen, 2009; Swettenham et al., 2014) influencing the occurrence of IB. These
experiments are very diverse, ranging from traditional computer-based tasks (for a short
overview see Jensen et al., 2011) to real-life scenarios that strengthen the external validity of
this phenomenon (e.g., Chabris et al., 2011; Ma et al., 2019; Simons & Schlosser, 2017). Hence,
many paradigms have been developed, with important variations regarding the primary task
employed or the unexpected stimuli used, which can notably be either static or dynamic (see
Jensen etal., 2011; Wright et al., 2018). But classically, the observers have to perform a primary
task which requires focused attention (e.g., an object-tracking task) when the unexpected
stimulus (e.g., a red cross) suddenly appears during one critical trial, and remains visible for
several seconds. At the end of the trial, the observers are asked some questions to determine
whether they consciously detected the unexpected stimulus or not. Generally, the observers also
perform some "control trials", usually named "divided-attention trial" and "full-attention trial"
(see White et al., 2018), to ensure that the lack of perception of the unexpected event was really

due to inattention rather than to a perceptual deficit.
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Despite the heterogeneity of the experimental protocols, and as quite explicitly
suggested by the name of the phenomenon, IB is generally explained as the consequence of
insufficient attention (Mack, 2003; Mack & Rock, 1998). More precisely, the rationale is that
our attentional resources being limited, they do not allow the simultaneous processing of all the
stimuli in our environment. Therefore, when attentional resources are already engaged to
process some relevant information in a primary task, an unexpected stimulus might go
unnoticed due to the lack of available resources at the time of its appearance. However,
"attentional resources" is a broad and imprecise umbrella term in the face of the diversity of
resources-based models of attention (e.g., Kahneman, 1973; Lavie, 2010; Norman & Bobrow,
1975; Pashler, 1998; Wickens, 2008; see also Desimone & Duncan, 1995). Moreover,
attentional resources manipulations have been achieved through so many different paradigms
in IB studies (e.g., Beanland & Pammer, 2010; Horwood & Beanland, 2016; Légal et al., 2017;
Richards et al., 2014; Todd et al., 2005) that one could wonder whether those studies actually
manipulated similar or different kinds (or pools) of resources (e.g., Lavie, 2010; Wickens, 2008)

and whether their results could be understood within a common theoretical framework.

In view of these considerations, our aim was to conduct a systematic review and a meta-
analysis of studies investigating the role of attentional "resources", "capacities" or "demands"
in IB, in the light of the Load Theory of attention (Lavie, 1995, 2010; Lavie & Tsal, 1994).
Indeed, by distinguishing the perceptual and cognitive loads of a task (Lavie & Dalton, 2014),
this theory delineates a clear theoretical framework for contemplating the results of these
studies together. Besides, it provides distinguishable predictions as to how these two types of
load may influence the allocation of attentional resources to a task-irrelevant stimulus.

However, since the allocation of attentional resources to a stimulus may not always be sufficient

to bring it to awareness (e.g., Chica & Bartolomeo, 2012), the applicability of these predictions

5
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regarding the conscious perception of task-irrelevant stimuli in IB paradigms remains

uncertain.

1.2. A dual-resource model for attentional selection: the Load Theory

The extent to which people can focus attention in the face of irrelevant distractors is one
of the most enduring issue in the study of attention. The Load Theory is rooted in the framework
of attention as a limited resource or capacity (Broadbent, 1958; Kahneman, 1973; Lavie & Tsal,
1994; Navon, 1989; Shiffrin & Schneider, 1977) and specifies two mechanisms — a perceptual
one and cognitive one — for attentional selection (for reviews see Lavie, 2005, 2010; Murphy et
al.,, 2016). As it will be explained below, the Load Theory originally proposed that the
perceptual load of the task is a crucial factor for efficient selection (Lavie, 1995). It was later
extended to include the cognitive load imposed by the task on individuals (de Fockert et al.,
2001), thus integrating the role played by central resources in determining the level of
processing of an irrelevant stimulus (Lavie et al., 2004). Although this theory has been criticized
on particular methodological or theoretical flaws (e.g., Eltiti et al., 2005; Tsal & Benoni, 2010),
calling for some model adjustments (Fitousi & Wenger, 2011; Neokleous et al., 2016),
perceptual and cognitive loads remain some of the major determinants of selective attention
(Bruckmaier et al., 2020; Murphy et al., 2016). Moreover, this framework continues to offer
valuable perspectives to investigate attentional failures such as distraction into ecological

scenarios (e.g., Marciano & Yeshurun, 2012, 2015).

Perceptual load and the processing of distractors
The perceptual load reflects the task demands that affect the availability of perceptual
processing capacities (Fitousi & Wenger, 2011; Lavie, 1995). Because of the limited perceptual

resources (Lavie, 1995; Lavie & Tsal, 1994) stimuli are in competition to gain access to those
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resources (Desimone & Duncan, 1995). In this way, the perceptual load represents the degree
of competition between stimuli that has to be resolved by attention mechanism to bias
competition in favor of a relevant information (Bruckmaier et al., 2020; Scalf et al., 2013;
Torralbo et al., 2016; Torralbo & Beck, 2008). When perceptual load is low, few perceptual
resources are needed to process the relevant information. Spare resources would then "spills
over" to irrelevant stimuli, leading to attentional capture and distractor interference (e.g.,
Cosman & Vecera, 2010; Forster & Lavie, 2008). Conversely, high perceptual load requires a
strong top-down bias (Scalf et al., 2013) to give relevant stimuli a privileged access to
perceptual resources, and inhibit irrelevant stimuli processing (Bruckmaier et al., 2020; Culham
et al., 2001; Rorden et al., 2008; Torralbo et al., 2016). As a result, attentional capture and
interferences produced by irrelevant stimuli are significantly reduced under high perceptual
load (e.g., Cosman & Vecera, 2010; Forster & Lavie, 2008). It is important to note that a
perceptual load effect is expected to be observed when all the perceptual capacities are
consumed. In other words, any residual extra capacities would allow task-irrelevant processing
(Lavie & Cox, 1997). Consequently, when multiple levels of load (e.g., low, moderate and high)
are incremented, the absence of significant differences between low and moderate load

conditions does not necessary contradict the theory.

Typically, four types of perceptual load paradigms are distinguished in the literature
(Chen & Cave, 2016; Lavie, 1995; Murphy et al., 2016). First, load can be manipulated by
varying the number of items (i.e., set-size) on the display (e.g., Exp.l in Lavie, 1995). The
rationale beyond this manipulation is that since only a limited amount of stimuli can be
simultaneously perceived (Broadbent, 1958; Carrasco, 2011), more attention is needed to
manage perceptual resources at larger set-size. Second, perceptual load can also be adjusted via
the similarity between the target and the non-targets and/or the similarity within the non-targets

(e.g., Lavie & Cox, 1997). Because visual search is more efficient when the similarity among

7
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the non-targets increases and/or the similarity between the target and the non-targets decreases
(Duncan & Humphreys, 1989, 1992), perceptual load is expected to be larger in condition of
non-targets dissimilarity or target/non-targets similarity, than in condition of non-targets
similarity or target/non-targets dissimilarity. In the third paradigm, perceptual load is
manipulated by making the target perception more difficult, that is, by increasing the similarity
between the target features that participants are required to discriminate (e.g., Handy &
Mangun, 2000). Finally, the fourth manipulation of load was adapted from the feature
integration theory (Treisman & Gelade, 1980; Treisman & Sato, 1990). According to this
theory, perception of simple features is load free but their conjunction requires the focusing of
attention and therefore imposes perceptual load (e.g., Chen & Cave, 2016; Exp.2 in Lavie,
1995). Following the theoretical framework offered by the Load Theory, increasing the
perceptual load of a task should prevent attentional capture by, and perceptual processing of the
unexpected stimuli and thus, should increase 1B for this stimulus (e.g., Cartwright-Finch &

Lavie, 2007).

Cognitive load and the processing of distractors

The cognitive load is related to the central resources responsible for executive processes
(Baddeley, 1996; Engle, 2002), and more precisely, to the working memory (WM) capacities
that have to be engaged to maintain an efficient top-down priority between relevant and
irrelevant information for attentional selection (de Fockert, 2013; de Fockert et al., 2001, 2004;
Lavie et al., 2004). Typically, WM is loaded when individuals have to switch back and forth
between different tasks, or have to maintain and/or manipulate some task-unrelated stimuli in
WM during task performance (Lavie, 2010). When the task requires few WM resources, the
cognitive load is low and the priority between relevant and irrelevant information can be
maintained in an efficient way. Attentional selection is thus more prone to be driven by goal-

relevant factor and irrelevant information are more likely to be ignored (Fukuda & Vogel, 2009;

8
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Kelley & Lavie, 2011). Conversely, when the availability of the WM resources is constrained
(e.g., in dual-task situations but also in individuals with low WM capacities), the cognitive load
is high and less WM resources can be engaged to maintain attentional priorities. Therefore,
selective attention will be less focused on the relevant task and an irrelevant stimulus will be
more likely to capture attention (de Fockert, 2013; de Fockert et al., 2001, 2004; Lavie et al.,

2004).

If IB is indeed directly dependent on the availability of attentional resources, since the
ability to focus attention on the task deteriorates under conditions of high cognitive load, an
unexpected irrelevant stimulus would be more likely to be consciously perceived under high
cognitive load. Conversely, under low cognitive load, efficient active maintenance of priority
should prevent attentional capture and thus conscious perception of unexpected stimuli. In other
words, increasing cognitive load should decrease IB (i.e., increase awareness) for an
unexpected stimulus (e.g., de Fockert & Bremner, 2011). However, this view is to be regarded
as the strongest interpretation of the effect of cognitive load on IB. Indeed, it has been argued
that cognitive load hampers attentional priority between relevant and irrelevant stimuli only for
distractors that strongly compete for attentional selection (Carmel et al., 2012; Lavie et al.,
2004). Therefore, the effect of cognitive load on IB might depend on whether the unexpected
stimulus is actually in competition with other stimuli for attentional selection (see also de
Fockert & Bremner, 2011; Lavie & de Fockert, 2005). In the absence of competition, it could
be argued that cognitive load would increase IB given that WM resources are also implicated

in conscious perception (Baars, 1988; Dehaene et al., 20006).

Interaction between perceptual and cognitive load
Finally, how the potential interaction between perceptual and cognitive load can affect
attention remains a matter of debate (Caparos & Linnell, 2010; Lavie et al., 2004; Linnell &

Caparos, 2011). On the one hand, the authors behind the Load Theory assumed a strict

9
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independence between perceptual selection and cognitive control mechanisms as both rely on
dissociable resources (Lavie et al., 2004). And indeed, in a study where perceptual and cognitive
load were manipulated orthogonally, they failed to show any statistically significant interaction
effect of those two factors on distractor interference (Exp. 3 in Lavie et al., 2004). On the other
hand, others have shown that both types of load influence spatial attentional selection in an
interactive way (Caparos & Linnell, 2010; Linnell & Caparos, 2011). More precisely,
increasing the perceptual load focused the attention (i.e., reduced distraction) only when the
cognitive load was low (Linnell & Caparos, 2011), suggesting that perceptual load exerts its
effect through the involvement of cognitive resources. Conversely, increasing the cognitive
load defocused attention when perceptual load was high rather than low (Linnell & Caparos,
2011). Accordingly, cognitive resources are deployed to manage the priority between relevant
and irrelevant information particularly when the stimuli encourage this, that is, when perceptual
load is high (see also Theeuwes et al., 2004). Regarding IB, those results would mean that
increasing perceptual load should enhance IB particularly when the cognitive load is low.
Additionally, under high but not low perceptual load, increasing the cognitive load should
reduce IB of the unexpected event. Therefore, at this point, it remains unclear whether
perceptual and cognitive load would interact to determine IB as only few works have been

conducted on this topic (see Murphy et al., 2016).

Attentional capture vs subjective awareness

Importantly, supports to the Load Theory mainly come from studies using implicit
measures of attentional capture (for reviews see Lavie, 2005, 2010; Murphy et al., 2016). In
those studies, attentional shifts to irrelevant stimuli are typically inferred from implicit
measures of distractor interference such as reaction times (e.g., Cosman & Vecera, 2010;
Forster & Lavie, 2008; Lavie, 1995; Lavie & Cox, 1997), neuroimaging data (e.g., Handy et

al., 2001; Rees et al., 1997; Rorden et al., 2008; Silvert et al., 2007) or cellular metabolism
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(Bruckmaier et al., 2020). In contrast, IB paradigms usually rely on direct measures of
subjective awareness of the unexpected stimulus, the participants being explicitly asked
whether or not they noticed this stimulus (Most et al., 2005; Simons, 2000). Yet, even if
attention is considered as a necessary condition for conscious perception, it is not always
sufficient (Chica & Bartolomeo, 2012; Cohen et al., 2012). Therefore, stimuli for which implicit
attentional capture has been observed might nonetheless remain consciously unnoticed. And
indeed, there have been several reports of stimuli affecting behavioral responses without people
becoming aware of them (e.g., Moore & Egeth, 1997; see also Posner, 1980). Moreover, in IB
paradigms, eye movements toward the unexpected stimulus do not predict awareness of this
event (Beanland & Pammer, 2010; Richards et al., 2012). Finally, the same factors that
influence the allocation of an observer’s attention in attention capture studies do not predict
what reaches conscious awareness in IB studies (Wright et al., 2018). Hence, attentional capture

is clearly not perfectly related to the noticing of an unexpected stimulus.

Note that rather than revealing a real dissociation between attention and awareness,
those divergences might also be due to a major methodological difference between the
paradigms used to assess attentional capture by distractors and conscious awareness in IB
paradigms (see Simons, 2000). While the distractor is clearly irrelevant but expected - because
usually present in many trials - in the former, it is completely unexpected — and thus potentially
relevant — in the latter. Therefore, after several trials in attentional capture paradigms, observers
might develop an attentional set that distinguish between relevant and irrelevant features (Folk
et al.,, 1992, 1994), in order to suppress attentional capture by the distractors (Gaspar &
McDonald, 2014; Gaspelin et al., 2015; Gaspelin & Luck, 2018; Kiss & Eimer, 2011). In
contrast, observers could not develop such attentional set in IB paradigm, as the irrelevant

distractor is totally unexpected and encountered for the first time when awareness is assessed.

11
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Despite those critical differences across attentional capture and IB paradigms, the
processing of a task-irrelevant stimulus in both is typically assumed to be related and
determined by similar attentional processes (Most et al., 2005; Simons, 2000). Nonetheless, for
all the reasons mentioned above, predictions derived from the Load Theory regarding the
allocation of attentional resources to irrelevant stimuli under various perceptual and cognitive

load conditions may not fully account for the perception of irrelevant stimuli in IB paradigms.

1.3. Rationale and objectives

To sum up, since seminal papers on IB (Mack & Rock, 1998; Simons & Chabris, 1999),
several studies have been conducted to investigate the attentional limited-resource view
underlying the IB phenomenon, using various paradigms. Given the link between attention and
consciousness, one could expect that the attentional model provide by the Load Theory would
be useful to understand the role of "attentional resources" involved in conscious perception.
However, it is worth noting that the Load Theory has been mainly built on implicit measure of
attention and thus might not be efficient to predict IB as an explicit measure of awareness.
Therefore, our aim was to provide qualitative and quantitative analyses of the studies
investigating the role of attentional resources or capacities, sometimes referred to as general
"task demands", in the IB phenomenon in order to evaluate whether those studies could be
included and understood within the scope of the Load Theory. To this end, we first conducted
a systematic review of the studies dealing with the effect of perceptual load and/or cognitive
load on IB. Then, we carried out three distinct meta-analyses regarding 1) the effect of
perceptual load, 2) the effect of cognitive load when manipulated across subjects and 3) the

effect of cognitive load when measured through WM tests at an individual level.

12
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2. QUALITATIVE ANALYSIS

2.1. Method

This systematic review was conducted and reported in line with the PRISMA statement
(Moher et al., 2009), and identified all studies investigating the role of attentional resources' on
IB rates, from studies conducted into controlled lab settings to studies accomplished into more

ecological situations (e.g., real-world scenario).

2.1.1.Eligibility criteria

Inclusion criteria

As the term "inattentional blindness" was coined and popularized in the late nineties
(Mack & Rock, 1998; Simons & Chabris, 1999), we decided to include only studies from 2000
onwards. Moreover, all experimental studies included were written in English and published in
peer-reviewed scientific journals. Participants in the studies could be any age, gender, or
nationality. We selected only studies in which IB was assessed for a visual stimulus, and made
no restriction for the IB paradigms used (e.g., static or dynamic, see Jensen et al., 2011; White

et al., 2018) as long as the unexpected stimulus was truly unexpected.

We included studies investigating the effect of attentional resources availability on IB
even without explicit reference to the Load Theory framework. It should be noted that
perceptual load is more defined by paradigms than by explicit, process-based definitions
(Benoni & Tsal, 2013; but for reasoned criticisms and powerful tests of perceptual load see
Fitousi & Wenger, 2011; Roper et al., 2013). Therefore, we decided to cover all the classic
perceptual load paradigms described in the introduction section (i.e., varying set-size, similarity

between target and/or non-target stimuli or the perceptual difficulty of the task). Additionally,

I With understanding that "resources" could be replaced by "capacities" and the fewer resources available, the greater the load
(or task demands).

13
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in dynamic IB paradigms, the perceptual task demand is classically increased with the speed of
the items in multiple-objects tracking tasks (e.g., Simons & Jensen, 2009). Thus, we also
considered speed variation in this paradigm as a perceptual load manipulation (see Tombu &
Seiffert, 2008). Regarding the cognitive load, we included the studies that directly manipulated
the amount of WM resources available when the unexpected stimulus was displayed (e.g.,
maintaining one versus six digits for subsequent recall). We did not restrict our selection to a
specific modality for the WM task (e.g., visual or auditory material). Additionally, we included
studies that measured individual differences for WM capacities through specific tests (e.g.,
AOSPAN: Unsworth et al., 2005) and looked whether they could predict IB rates. The rationale
beyond that decision was that a same task could generate different cognitive loads at the
individual level, depending on whether the participant has a low or high WM capacity (resulting
respectively in a relatively high or low cognitive load at the individual level). However we did
not include studies investigating more general abilities that did not rely exclusively on, or only
correlate with, WM capacities (e.g., fluid intelligence through Raven’s matrices test, see

Unsworth & Engle, 2005).

Exclusion criteria

We excluded all commentaries, reviews, abstract conferences and proceedings, or
studies published in books. Moreover, the present review does not include phenomenon related
to but different from IB, namely inattentional amnesia (Rees et al., 1999; Wolfe, 1999) and
change blindness (Jensen et al., 2011). Finally, some studies might confound the manipulation
of perceptual and cognitive loads because the main purpose of the study was elsewhere. In such
studies, the authors manipulated a general "attentional load" that relied on increasing both loads
simultaneously. Consequently, it was not possible to determine which factor drove the effect
observed on IB. Therefore, those studies have been excluded from our review (but are

nonetheless mentioned in the online Supplementary Material).

14
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2.1.2.Information sources, search and study selection

Electronic sources included PubMed, ScienceDirect and APA PsycNET, which are
major databases in cognitive psychology. Those databases have been consulted on 22" April
2020. We successively searched? in Title, Keywords or Abstract for the terms "inattention*

blind* AND":

- Load*
- Task* demand*

- Resource* OR capacit*

Working memory

The search conducted in each databases successively yielded 205 entries in total (Figure 1).
After the removal of duplicates (n = 89), the 116 remaining studies were screened for eligibility
by reading the abstracts. According to the inclusion/exclusion criteria, 62 studies were removed
at this step and 54 were full-text assessed for eligibility. Subsequently, 23 papers were discarded
(see the online Supplementary Material) and 31 studies have been included in the present
review. Finally, during the full-text reading phase, we identified five new studies cited in the
selected papers, manipulating the perceptual or cognitive resources availability on an IB
paradigm (see Tables 1 and 2). Typically, perceptual and cognitive load effects were not the
main purpose in those studies, but some experimental conditions fitted well with our inclusion
criteria and classic perceptual (e.g., varying the number of distractors) or cognitive load (e.g.,
dual-task) manipulations. Therefore, those studies have been included in our review. At this

step, the 36 studies included were categorized according to the type of load investigated (i.e.,

2 The authors also checked entries found with a long search query including all the search terms. However, this
method is not recommended when using multiple truncations (see
https://www.nlm.nih.gov/bsd/disted/pubmedtutorial/020_460.html). And indeed, the long search query led to less
(relevant) entries than successive searches with different keywords.

15
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perceptual, cognitive or both). Note that several studies included multiple experiment and/or
experimental conditions, each with a different sample. In those cases, we describe each

experiment and/or condition in a separate line (Tables 1, 2 and 3).

--- Insert Figure 1 about here ---

2.1.3. Qualitative data analysis

We first conducted a qualitative analysis of the selected studies. More precisely, we
described whether the effects of perceptual load and/or cognitive load (including measures of
WM capacities, thus the cognitive load at the individual level) observed in each paper are in
accordance with the Load Theory predictions ("Consistent" being then reported in Tables 1, 2
and 3). Alternatively, the Load Theory could fit partially with the results, when typical
perceptual and/cognitive load effects are significant in some but not all conditions
(corresponding to "Partially Consistent " in the tables) or the studies could report null results in
all conditions (corresponding to "No Effect" in the tables). Otherwise, the studies could reveal
results that are significant but opposite to the Load Theory expectations in all ("Inconsistent" is
then reported in the tables) or only in some conditions (corresponding to "Partially Inconsistent"

in the tables).

Additionally, we reported in Tables 1, 2 and 3 the main statistical information of each
experiments or conditions we have identified (when possible) in order to provide the most
exhaustive representation of IB under the scope of the Load Theory. However, note that all
experiments or conditions could not be included in the following meta-analyses presented in
the Quantitative analysis section (e.g., due to insufficient data or because they relied on the

same sample) and that all statistics used in the meta-analyses appear in Figures 2, 4 and 6.
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2.1.4.Risk of bias

As mentioned earlier, our studies selection was not strictly restricted to a specific IB or
(perceptual or cognitive) load paradigm. Therefore, the pool of studies included here might
suffer from methodological heterogeneity, which is an inherent and common bias among
systematic review and meta-analysis (Higgins, 2008). On the one hand, if the effects are
systematically observed among different paradigms, it could strengthen their reliability and
consistency beyond methodological considerations. On the other hand, discrepant findings
could be explained by methodological heterogeneity instead of alternative theoretical
interpretations, undermining conclusions about perceptual and cognitive/WM resources on IB.
Additionally, a publication bias might exist with, for instance, null results not being published

(see Sterne et al., 2011).

2.2. Results

To begin with, the studies included in our review are described according to the
paradigms used for perceptual and cognitive load investigation (including measures of WM
capacities for the latter). Then, in a second step, we report the effect of those investigations on
IB and we assess whether those results were qualitatively consistent (or not) with the Load

Theory predictions.

2.2.1.Studies characteristics

Perceptual load
Sixteen studies (Table 1) were considered as falling within the scope of perceptual load

manipulation (Beanland & Pammer, 2010; Cartwright-Finch & Lavie, 2007; Dixon et al., 2013;
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Ericson et al., 2017; Horwood & Beanland, 2016; Koivisto & Revonsuo, 2008, 2009; Lathrop
etal., 2011; Lin & Yeh, 2014; Marcus et al., 2015; Murphy & Greene, 2016, 2017; Remington
et al., 2014; Simons & Jensen, 2009; Swettenham et al., 2014; White & Davies, 2008). As a
reminder, four main types of paradigms have been identified, sometimes adapted into more

applied studies.

-—- Insert Table I about here ---

In one study, the perceptual load manipulation was achieved by increasing the number
of (relevant) stimuli that had to be processed during the primary visual search task (White &
Davies, 2008)°. More precisely, one target-letter was displayed in the low load condition
(Exp.3a), two in the moderate load (Exp.1) and three in the high load condition (Exp.3b). Two
studies conducted during a surgery training (Dixon et al., 2013; Marcus et al., 2015) used the
same kind of manipulation. Here, the authors investigated IB for an unexpected event like a
foreign body (e.g., a screw) in surgeons using either a classic view (i.e., camera) or an additional
image guidance view (i.e., camera + augmented reality view adding relevant information about
body anatomy) during an endoscopy. Therefore, less relevant information were displayed for
the classic view, considered as low perceptual load condition, than for the additional image

guidance view, considered as high perceptual load condition.

In some other studies, the number of irrelevant (i.e., non-target) stimuli was increased
between low and high perceptual load while participants performed an object-tracking task of

multiple targets (Horwood & Beanland, 2016; Exp.4 in Koivisto & Revonsuo, 2008). Increasing

3 One could argue that this manipulation could be view as cognitive load because participants needed to store more
target-letters in working memory. However, in our viewpoint, this manipulation should not be considered as
cognitive load because participants did not store information in working memory at the time of stimuli appearance,
and thus when the unexpected stimulus was displayed. In typical cognitive load scenario, some information are
stored in working memory before the unexpected stimulus appearance.
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the number of irrelevant stimuli was also employed while observers performed a visual search
task for a target-picture (Koivisto & Revonsuo, 2009), a target-word (Lin & Yeh, 2014) or a
target-letter (Exp.2 and 4 in Cartwright-Finch & Lavie, 2007) among non-target stimuli.
Similarly, in one driving simulator study (Ericson et al., 2017), the visual complexity of the
driving environment was increased by displaying more irrelevant information (e.g., trees or

buildings) in the high perceptual load condition than in the low perceptual load condition.

A more complex perceptual judgement task was also used in three studies to manipulate
the perceptual load (Exp.1 and 3 in Cartwright-Finch & Lavie, 2007; Lathrop et al., 2011;
Remington et al., 2014; Swettenham et al., 2014). Typically, participants had to make a
perceptual judgment about a cross (e.g., which arm, horizontal or vertical, is longer) but the
difficulty varied between conditions (e.g., smaller difference between arms in high- rather than
low-load). The perceptual judgment task was adapted in two simulated driving studies, in which
the task required either a more or less difficult gap-size estimation between two parked vehicles
(Murphy & Greene, 2016) or the search for a target-car defined by a simple feature (e.g., the
unique red car) or features conjunction (e.g., the unique red Mercedes car; see Murphy &

Greene, 2017).

Finally, perceptual load manipulation was achieved by increasing targets speed in an

object-tracking task in two studies (Beanland & Pammer, 2010; Simons & Jensen, 2009).

Cognitive load and WM capacities

Sixteen studies (Table 2) were considered as investigating cognitive load (Beanland &
Chan, 2016; Bredemeier & Simons, 2012; de Fockert & Bremner, 2011; Fougnie & Marois,
2007; Hannon & Richards, 2010; Harvey et al., 2018; Kreitz et al., 2015; Kreitz, Furley,
Memmert, et al., 2016; Kreitz, Furley, Simons, et al., 2016; Légal et al., 2017; Matsuyoshi et
al., 2010; Pizzighello & Bressan, 2008; Richards et al., 2010, 2014; Seegmiller et al., 2011;

Todd et al., 2005). It should be noted that those studies were all computer-based experiments,
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none of them being conducted into a more ecological context (e.g., driving simulator). Two
main paradigms were identified as investigating the role of cognitive resources in IB: through
a direct manipulation of WM load, or through measures of individual differences in WM

capacities.

-—- Insert Table 2 about here ---

In the first type of paradigms, cognitive resources were manipulated directly through a
WM task that engaged more or less WM resources depending on the cognitive load condition.
The rationale is that the more items are stored in WM, the higher the cognitive load. It is worth
noting that the WM task either took place along with an additional attentional task (i.e., dual-
task paradigms: de Fockert & Bremner, 2011; Harvey et al., 2018; Légal et al., 2017;
Pizzighello & Bressan, 2008) or stood on its own (i.e., single-task paradigms: Fougnie &
Marois, 2007; Matsuyoshi et al., 2010; Todd et al., 2005). In the former case, observers
performed both the WM task and an attentional task; the unexpected stimulus appeared along
with other stimuli that were part of the attentional task (e.g., target and non-target letters in the
objet-tracking task). In the latter, observers only performed the WM task. The unexpected
stimulus was displayed alone on the screen during the "maintenance" phase, that is, during the
time between the presentation of the to-be-memorized stimuli in WM and their recall or
recognition at the end of the trial. In others words, the unexpected stimulus either appeared in
competition with other stimuli or appeared alone with no concurrent stimuli. Besides, regarding
cognitive resources manipulations, observers had to maintain less stimuli in WM in the low
rather than in the high cognitive load condition (digits: de Fockert & Bremner, 2011; shapes:
Matsuyoshi et al., 2010; a short story or words: Pizzighello & Bressan, 2008; spatial locations:
Todd et al., 2005). Similarly, observers had to count the passes made by a basket-ball team
(Harvey et al., 2018; Légal et al., 2017), but they had to count either the total number of passes

(i.e., single count - low cognitive load) or the number of both aerial and bounce passes
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separately (i.e., double count — high cognitive load). Finally, instead of relying on the quantity
of information that had to be stored, the cognitive load manipulation could rely on a
qualitatively more complex operation for the high cognitive load condition (i.e., rearrange the
string of consonants by alphabetic order) than for the low cognitive load condition (i.e.,

maintain a string of consonants in memory; Fougnie & Marois, 2007).

A second type of paradigms relied on a different approach in which WM capacities were
measured independently of the IB task. The aim here was to investigate whether individual
differences in WM capacities would predict the awareness of the unexpected stimulus.
According to this approach, authors investigated whether WM capacities differed between
individuals who perceived the unexpected stimulus and those who did not, or conversely
whether IB rates differed between individuals with low or high WM capacities. Our review
revealed that the OSPAN task (or its automated version — AOSPAN; Unsworth et al., 2005)
was used in all the studies to measure WM capacities (Beanland & Chan, 2016; Bredemeier &
Simons, 2012; Hannon & Richards, 2010; Kreitz et al., 2015; Kreitz, Furley, Memmert, et al.,
2016; Kreitz, Furley, Simons, et al., 2016; Richards et al., 2010, 2014; Seegmiller et al., 2011).
Along with the (A)OSPAN task, additional measures of WM capacities were sometimes
investigated as predictor of IB, such as spatial or verbal n-back tasks (Beanland & Chan, 2016;
Bredemeier & Simons, 2012; Kreitz et al., 2015; Kreitz, Furley, Simons, et al., 2016) or

performances on an independent visual WM task (Hannon & Richards, 2010).

Investigation of both perceptual and cognitive resources
We found four studies that simultaneously investigated the role of perceptive and
cognitive resources on IB (Beanland et al., 2011; Calvillo & Jackson, 2014; Hughes-Hallett et

al., 2015; Richards et al., 2012) with one study conducted into a real-world scenario (Table 3).

-—- Insert Table 3 about here ---
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The manipulation of the perceptual load was achieved by increasing the targets speed in
an object-tracking task (Beanland et al., 2011), by adding irrelevant stimuli in a visual search
task (Calvillo & Jackson, 2014), or by adding relevant information in a surgical training task
(i.e., surgeons used a classic camera view alone or with an additional image guidance view:
Hughes-Hallett et al., 2015). In addition, one study varied the number of both relevant and
irrelevant stimuli as well as the target speed to manipulate the perceptual load (Richards et al.,

2012).

The cognitive load was manipulated directly on a dual-task paradigm with a concurrent
audio WM task (Beanland et al., 2011) or with a concurrent counting task (Hughes-Hallett et
al., 2015). Additionally, individual WM capacities were measured independently through an

AOPSAN task (Calvillo & Jackson, 2014; Richards et al., 2012).

2.2.2.Qualitative results

1B and perceptual load

For recall, the Load Theory predicts that increasing the perceptual load should lead to
larger IB rates (Lavie, 2006). We considered a strong interpretation of this claim, that is, that it
should hold in any situation. Therefore, if perceptual load effect is replicated but modulated by
additional factors in some conditions (e.g., due to particular clinical traits or to the nature of the
unexpected stimulus) the study would then be labelled as "Partially consistent" with the theory.
However, it is important to note that those modulating factors do not necessary disprove, in a
strong sense, the Load Theory but rather might be helpful to expand its original framework and
encompass a broader range of situations. Additionally, perceptual load effect is expected to be
observed when all perceptual capacities are loaded, that is, between low and high load but not

necessary between low and moderate levels of load (Lavie & Cox, 1997).
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For studies investigating the role of perceptual load only (Table 1), we found ten out of
sixteen studies reporting consistently more IB under higher rather than lower perceptual load,
thus, in line with the Load Theory (Beanland & Pammer, 2010; Cartwright-Finch & Lavie,
2007; Dixon et al., 2013; Koivisto & Revonsuo, 2008, 2009; Marcus et al., 2015; Murphy &
Greene, 2016, 2017; Remington et al., 2014; Simons & Jensen, 2009). In four studies, the results
fit partially with the Load Theory, with a significantly larger IB rates in at least one but not all
conditions of higher perceptual load (Horwood & Beanland, 2016; Lin & Yeh, 2014;
Swettenham et al., 2014; White & Davies, 2008). In those cases, the effect of perceptual load
was modulated by an additional factor (e.g., the category of the unexpected event) leading to a
non-significant difference in some conditions. Finally, two studies reported null results
regarding the perceptual load effect on IB in all conditions (Ericson et al., 2017; Lathrop et al.,

2011).

In the four studies where both loads were investigated, the Load Theory fits with the
main effect of perceptual resources manipulation in two studies (Beanland et al., 2011; Calvillo
& Jackson, 2014). However, two other studies found non-significant effect of perceptual load

on IB (Hughes-Hallett et al., 2015; Richards et al., 2012).

In sum, most of the studies (16/20; see Tables 1 and 3) reported significant results that
are (at least partially) in line with the Load Theory, with more IB under high rather than low
perceptual load. Therefore, even if some factors might modulate the influence of the perceptual
load, it appears to be one of the main determinants of the IB phenomenon. The few null results
may be explained by inefficient perceptual load manipulations or by a lack of statistical power
instead of an alternative theoretical framework and would be discussed further in the General
Discussion section. Importantly, none of the included studies showed significant results that
contradict the predictions of the Load Theory (i.e., less IB under high rather than low perceptual

load) and expected perceptual load effects were also replicated in applied studies (i.e., driving
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simulator and surgery training) which strengthens the external validity of the perceptual account

of the Load Theory.

IB and cognitive load

Considering cognitive load and WM resources, the Load Theory predicts that IB rates
should decrease under high load or for individuals with low level of WM resources. More
precisely, this should be observed when relevant and irrelevant stimuli are in competition for
attentional selection (Carmel et al., 2012; de Fockert & Bremner, 2011; Lavie et al., 2004).
Therefore, when the reverse is observed (i.e., larger IB rates under high cognitive load or for
individuals with low level of WM resources) but under situation where the unexpected stimulus
appeared alone (i.e., without competition), the study would be labelled as "consistent" with the

theory because it does not stand against the original claim.

In sharp contrast, the results of the studies in which the role of cognitive load only was
investigated offer a picture that is rather in contradiction with the predictions of the Load
Theory. Indeed, seven (out of 16) studies reported significant results in opposition (or partially
in opposition) with those predictions (Table 2). More precisely, two studies showed greater IB
rates in high rather than in low cognitive load (dual-task paradigms) when the unexpected
stimulus competed with other stimuli (Légal et al., 2017; Pizzighello & Bressan, 2008).
Moreover, five studies revealed that low WM capacities (i.e., high cognitive load) measured
through (A)OSPAN tests are associated with larger IB rates when the unexpected stimulus and
other stimuli were in competition (Hannon & Richards, 2010; Kreitz et al., 2015; Richards et
al., 2010, 2014; Seegmiller et al., 2011). To be precise, Seegmiller et al. (2011) have found that
individuals with low WM capacities (i.e., low AOSPAN scores, similar to high cognitive load)
exhibit more IB than individuals with high WM capacities (i.e., high AOSPAN scores, low
cognitive load). Studies using direct comparisons between WM tests scores have shown that

individuals who did not exhibit IB had greater WM capacities than the individuals who
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exhibited IB (Hannon & Richards, 2010; Richards et al., 2010, 2014). Finally, Kreitz et al.
(2015) established a negative correlation between WM capacities and IB such as greater WM
scores were linked to less IB (i.e., a higher awareness of the unexpected stimulus). In other
words, the likelihood of suffering from IB appears larger when the WM capacities are lower.
Those seven studies all reported results opposite to the Load theory predictions in at least one
experimental condition. However, even if the results were non-significant in some conditions
(i.e., neither supporting nor contradicting the Load Theory) none has reported significant

findings consistent with the Load Theory predictions.

Next, the results of five studies were all non-significant (Beanland & Chan, 2016;
Bredemeier & Simons, 2012; Harvey et al., 2018; Kreitz, Furley, Memmert, et al., 2016; Kreitz,
Furley, Simons, et al., 2016). Consequently, they do not strictly support nor contradict the Load
Theory. It should be noted that one of these studies (Kreitz, Furley, Memmert, et al., 2016)
reported effect-size estimates (95% Cls) rather than conducting null-hypothesis significance
tests on correlation analyses. However, according to the authors, all WM scores they measured

showed little or no association with IB.

Finally, the results of four studies fit with the Load Theory framework (de Fockert &
Bremner, 2011; Fougnie & Marois, 2007; Matsuyoshi et al., 2010; Todd et al., 2005). In three
of them (Fougnie & Marois, 2007; Matsuyoshi et al., 2010; Todd et al., 2005) the authors found
that high cognitive load increased IB in tasks where the unexpected stimulus did not compete
with other stimuli, which is consistent with the Load Theory. Conversely, de Fockert &

Bremner (2011)* revealed higher IB rates in the low rather than in the high cognitive load

4 The authors have also observed a non-significant effect of cognitive load [IB: HL (33%) > LL (23%),
(1, N=25)= .33, p > .5] but in a condition where IB was assessed for an expected stimulus. Therefore, this
condition was not eligible for the present review.
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condition when the unexpected stimulus was in competition with other stimuli, as claimed by

the theory.

Concerning the studies investigating both loads, the main effect of cognitive load was
in line with the Load Theory in one study (Beanland et al., 2011) involving a dual-task paradigm
(i.e. the unexpected visual stimuli competed with auditory stimuli for perceptual processing)
and showing larger IB rates in the low load condition. However, the results of two studies
appeared to be in the opposite direction of Load Theory's predictions (Hughes-Hallett et al.,
2015; Richards et al., 2012). Indeed, Richards et al. (2012) found that low WM capacities
(AOSPAN scores) were associated with larger IB in a situation of perceptual competition
between stimuli and Hughes-Hallett et al., (2015) have observed more IB when individuals
were engaged into a more demanding dual-task paradigm, with the unexpected stimulus also in
competition for attentional selection. Finally, a non-significant main effect was observed in the

study by Calvillo and Jackson (2014).

In sum, the results of almost half of the studies (9/20; Tables 2 and 3) are in opposite or
partially opposite direction with the Load Theory predictions. Five studies reported significant
results in accordance with this framework, with only two involving a situation where the
unexpected stimulus competed with others. Theoretical and methodological implications are

discussed further in the General Discussion section.

1B and interaction between perceptual and cognitive loads
Regarding the potential interaction between perceptual and cognitive loads, we have
chosen not to label the Load Theory's consistency with the studies reviewed as this issue is still

debated in the literature

Three (out of four) studies did not directly investigated the potential interaction between

perceptual and cognitive load on IB, as both effects were analyzed separately. In the remaining
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study (Calvillo & Jackson, 2014), the results showed higher WM capacities for individuals that
perceived the unexpected stimulus but only in a high perceptual load condition. Thus, cognitive
resources were more likely to predict IB when the task involved a high rather than a low
perceptual load, as previously observed (Linnell & Caparos, 2011). However, the link between
WM capacities and IB was in contradiction with Load Theory predictions for an unexpected
stimulus that competed with others items. Importantly, the authors decomposed the interaction
and compared AOSPAN scores for individuals who perceived the unexpected stimulus and
those who did not, but they did not use IB rates as a dependent variable. It is therefore not
possible to decide whether the perceptual load effect on IB was different for low (i.e.,
individuals with high AOSPAN scores) versus high cognitive load (i.e., individuals with low

AOSPAN scores).

In sum, the potential interaction between perceptual and cognitive load effects on 1B

remains largely under-investigated, opening a new route for future research.

2.3. Discussion

Our systematic review showed that the perceptual load effect on IB seems consistent
across the studies included here, even if some factors might modulate its occurrence. It is worth
noting that no study revealed significant results in opposite direction to the Load Theory
predictions. Therefore, at this point, it would be interesting to evaluate more precisely the effect
size of the perceptual load influence on IB and to quantify to what extent greater perceptual
load increases the risk of suffering from IB. This analysis might be also particularly helpful for

future studies in this field to determine their sample size.

In contrast, our systematic review revealed mixed-results for the cognitive load effect

on IB. First, studies manipulating the cognitive load found results in opposite direction, with
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sometimes more IB under high load (e.g., Pizzighello & Bressan, 2008) but a decrease of 1B
with load for others (e.g., de Fockert & Bremner, 2011). Secondly, several studies that
investigated cognitive load at an individual level, that is, through the measure of WM capacities
(e.g., AOSPAN), are in opposition with the theory: individuals with more WM capacities are
more prone to perceive the unexpected stimulus. Nevertheless, this correlational effect was not
supported in all studies, notably in those that relied on large sample sizes (e.g., Bredemeier &
Simons, 2012; Kreitz et al., 2015). Indeed, studies that found no link between IB and WM
(though WM tests) are based on almost twice more volunteers than those that did. Therefore,
even if the absence of significant results did not constitute a convincing evidence to discard a
potential effect, those studies cast some doubts on the link between WM capacities and IB.
Accordingly, IB appears to be driven more by situational and task factors, or even by chance,
than by individual differences in WM capacities (Kreitz et al., 2015). Consequently, a
quantitative approach might be particularly fruitful to sketch more finely the potential link
between cognitive resources and IB or to assert its non-existence. To this end, we performed
two separate meta-analyses regarding the effect of cognitive load when manipulated and when
measured at an individual level (because of the different nature of the outcome in those studies,

i.e., dichotomous IB rates for the former and continuous WM test scores for the later).

3. QUANTITATIVE ANALYSES

Those meta-analyses have been conducted and reported in line with the PRISMA
statement (Moher et al., 2009). They are based on experiments or conditions that satisfied our
eligibility criteria and found in the aforementioned 36 studies included in the systematic review

(Figure 1).
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3.1.Method

3.1.1.Eligibility criteria

Inclusion and exclusion criteria

The meta-analyses on perceptual load and cognitive load manipulations (i.e., not
including measure of WM capacities) were restricted to experiments or conditions (i.e., entries)
manipulating perceptual or cognitive load in a between-group design (as needed for meta-
analysis on dichotomous outcome like IB; Higgins et al., 2021). We excluded entries that
provided a within-subject comparisons regarding perceptual or cognitive load effect on IB, even
if the unexpected stimulus was truly unexpected in each load condition, because the overall
meta-analytic effect would suffer from sample bias and measure's dependency (Becker, 2000).
Moreover, only entries for which sufficient data were provided, or could be computed, to fill in
the 2 (low versus high load) x 2 (individuals who perceived the unexpected stimulus versus
those who did not) contingency table were included. Additionally, we conducted a third meta-
analysis on studies that investigated IB in the light of individual differences in WM capacities,
measured through WM tests (e.g., AOSPAN, OSPAN, n-back tasks, etc). To this end, we
included entries where WM tests scores were compared between subjects that suffered from IB
and those who perceived the unexpected stimulus, and again, for which sufficient data were
provided, or could be computed, to fulfil the requirement for meta-analysis on continuous
outcome (Higgins et al., 2021). For each experiment or condition, the reason for exclusion from

the meta-analyses could be found in Tables 1, 2 and 3.

3.1.2.Quantitative data analyses

We conducted three separate meta-analyses that distinguished between the effect of

perceptual load, cognitive load and individual differences in WM capacities on IB. Since
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several studies included multiple experiments and/or experimental conditions, each with a
different sample, we computed separate effect sizes for each experiment or condition. Statistical
analyses have been performed on RevMan 5.4 (The Cochrane Collaboration, 2020) for meta-
analytic effect sizes and measures of heterogeneity, whereas publication bias has been analyzed

with Meta-Essentials tool (Suurmond et al., 2017).

For the two first meta-analyses (i.e., perceptual and cognitive load manipulations), we
estimated the meta-analytic effect size by comparisons of IB between low and high load groups.
It is important to note that "low" and "high" load groups in our meta-analyses are labelled
according to their relative difference. Indeed, those load levels have no absolute value nor
meaning so that a "high" load condition in one study might be considered as a "moderate" load
in another. Nevertheless, our aim was to provide the overall meta-analytic effect sizes reflecting
the effect of higher level of perceptual and cognitive load on IB, in the way those loads are
manipulated in the literature. To this end, we conducted a random-effect analysis on the effect
sizes found in the included studies. We expressed the studies' and meta-analytic effect sizes in
terms of Risk Ratio (RR), with its 95% confidence intervals (Cls), as it might be more
comprehensible and less difficult to interpret than Odd Ratio (Deeks et al., 2021; Higgins et al.,
2021; Ranganathan et al., 2015; Sinclair & Bracken, 1994). For each meta-analysis, we coded
the low perceptual or cognitive load condition as "control group" so that a RR > 1 means that
there is an increased risk of suffering from IB in, respectively, the high perceptual or cognitive
load condition. Conversely, a RR < 1 means that the risk of suffering from IB is decreased in
the high perceptual or cognitive load groups. Finally, a RR not significantly different from one

means that there is no significant difference on IB between groups.

For the third meta-analysis (i.e., individual differences in WM capacities), we estimated the
meta-analytic effect size, and its 95% Cls, by comparing the WM test scores between

individuals who suffered from IB (individuals blinded, "ind-IB") and those who perceived the
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unexpected stimulus (individuals not blinded, "ind-NIB"). As different tests, and thus absolute
measures, could be used across studies to evaluate WM capacities, we expressed the meta-
analytic effect size as a Standardized Mean Difference (SMD; Murad et al., 2019; Takeshima
et al., 2014). We compute SMD from the group's mean, standard deviation and the number of
subjects in each group (i.e., ind-IB and ind-NIB). Individuals who suffered from IB were coded
as the control group’. In this way, a positive SMD means that individuals who perceived the
unexpected stimulus have higher WM capacities than those who suffered from IB. Conversely,
a negative SMD indicates that individuals who exhibited IB have more WM capacities than
those who perceive the stimulus. Importantly, multiple WM tests are sometimes reported for
the same sample (typically AOSPAN and n-back tasks). Therefore, taking into account all the
different effect sizes provided by different outcomes on the same sample would lead to a meta-
analytic effect suffering from a sample bias and measure's dependency (Becker, 2000).
Therefore, when multiple WM tests were used for the same sample, we have chosen to focus
on AOSPAN or OPSAN over other tests (e.g., n-back task) as this choice led to more eligible

entries for our meta-analysis®.

For each of the three meta-analyses, we also investigated effect size heterogeneity by using
the standard Cochran Q test (Deeks et al., 2021) and we reported both 1> and 1* to grade
heterogeneity (Higgins, 2008; Higgins et al., 2003). Importantly, the low statistical power of
tests for subgroup differences is commonly assumed (Burke et al., 2015; Deeks et al., 2021)
and thus, a p-value of .1 should be sued to determine statistical significance. When significant,
we explored heterogeneity by conducting subgroup analysis. Regarding studies on perceptual

load, it could be argued that some manipulations might involve, at least partially, concurrent

3 This coding allowed for a quick visual comparison between forest plots as the right (resp. left) side of forest plots
reflects an increase (resp. decrease) of IB rates in high perceptual and cognitive load conditions, or for individuals
with less WM capacities (i.e., similar to high cognitive load).

6 Notably because no study that relied exclusively on another WM task (such as n-back task) was eligible for the
meta-analysis (e.g., insufficient data provided).

31

Quarterly Journal of Experimental Psychology



oNOYTULT D WN =

mechanisms (e.g., dilution, Tsal & Benoni, 2010; but see Lavie & Torralbo, 2010) so
heterogeneity could be driven by the perceptual load paradigm employed. For cognitive load
manipulations and measures of WM capacities, their influence on IB might depend on the
presence/absence of irrelevant stimuli that compete for attentional selection (Carmel et al.,
2012; de Fockert & Bremner, 2011; Lavie et al., 2004). Therefore, we investigated whether the
unexpected stimulus appearing alone or in competition with other stimuli might explained such
heterogeneity. We also evaluated whether the use of AOSPAN versus OSPAN test might result
in heterogeneity because those two tests might not precisely measure the exact same WM
capacities (the former being less dependent on language abilities; Richards et al., 2010;
Unsworth et al., 2005). Moreover, for each meta-analysis, it could be argued that the
experimental context could drive some heterogeneity in effect sizes. Indeed, computerized tasks
are part of standardized procedures, whereas real-world scenario take place in less controlled
settings. Therefore, those latter are more prone than computerized tasks to variability among

effect sizes observed.

Finally, the potential publication bias that might arise from small-study bias (i.e., the smaller
a study, the larger the effect necessary for the results to be statistically significant) was assessed
through funnel plot and Egger's regression test (Ioannidis & Trikalinos, 2007; Sterne et al.,

2000).

3.1.3.Risk of bias

Same as qualitative analysis (see 2.1.4)
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3.2. Results

1B and perceptual load

A random-effect analysis (inverse variance) of the perceptual load effect on IB was
performed on the 37 entries (i.e., experiments/conditions) which rely on 940 and 841
participants in, respectively, the high and low perceptual load conditions. The meta-analytic
effect was significant (Z=7.22, p <.001) showing a significant increase of IB under conditions
of high perceptual load (RR = 1.67; 95% Cls [1.46, 1.93]; Figure 2). In other words, compared
with participants in the low perceptual load conditions, participants in the high perceptual load
conditions have 1.67 times the risk of suffering from IB, that is, they have a 67% increase of
risk to experience IB. The analysis of heterogeneity between effect-sizes was also significant
(0(36) = 72.98, ©2=0.07, p < .001) and revealed a moderate’ heterogeneity (I> = 51%).
Nevertheless, our subgroup analyses showed that heterogeneity was not influenced by the type
of perceptual load paradigm (i.e., load increased by requiring a more complex perceptual
judgement, by adding more stimuli or by increasing their speed; y*(2) = 1.52, p = .47) nor by
the experimental context (computer-based tasks versus real-world scenario; y*(1) = 0.13,

p=.72).

--- Insert Figure 2 about here ---

To evaluate the potential presence of a publication bias, we computed a funnel plot
(Figure 3) which shows each effect size (i.e., logRR) against its standard error. The Egger's
regression test was significant (#(36) = 4.56, p < .001), indicative of a publication bias.
However, the presence of a publication bias might be taken with caution when heterogeneity
among effect sizes is observed, as heterogeneity can actually drive the publication bias (see

Ioannidis & Trikalinos, 2007; Lin et al., 2018). To further explore this asymmetry, we used the

7 The percentage of heterogeneity is labelled as "not important, moderate, substantial or considerable" according
to Deeks et al., (2021) but threshold are arbitrary (Higgins et al., 2003).
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trim-and-fill method (Duval & Tweedie, 2000) and the analysis showed 10 missing studies on
the left side of the funnel plot. Therefore, the meta-analytic effect size of perceptual load on IB
appeared to be biased toward studies showing an increase of IB under high perceptual load.
Nevertheless, after adjusting for missing studies, the meta-analytic effect was still significant
(adjusted RR = 1.51; 95% Cls [1.26, 1.8]; p < .001) with an increase of IB rates under high

perceptual load.

--- Insert Figure 3 about here ---

IB and cognitive load

A random-effect analysis (inverse variance) of the cognitive load effect on IB was
performed on the 11 entries which rely on 312 and 301 subjects in, respectively, the high and
low cognitive load conditions. The random-effect analysis of the cognitive load effect on IB
was not significant (Z=1.09, p = .28). The meta-analytic effect size (RR =1.21, 95% Cls [0.86,
1.71]; Figure 4) revealed a non-significant 21% increase of risk to suffer from IB under high

cognitive load.

--- Insert Figure 4 about here ---

The analysis of heterogeneity between studies was significant (Q(10) =36.72, 1> = 0.23,
p < .001) and represented a substantial heterogeneity (I> = 73%). Our test for subgroup
difference reached significance level (y(1) = 5.49, p = .02), revealing that cognitive load
significantly increased IB under conditions where the unexpected stimulus appeared alone,
without any task to be performed during its appearance (i.e., without concurrent stimuli;
Z=3.53,p<.001; RR=1.82,95% CIs [1.31, 2.54]) but not when the unexpected stimulus was
displayed during a concurrent attentional task (i.e., in competition with other stimuli; Z= 0.5,
p=.62; RR = 0.88, 95% ClIs [0.53, 1.46]). However, the subgroup analysis revealed no

significant effect of experimental context (i.e., computerized task or ecological scenario; y%(1)
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=0.44, p=.51). In sum, the effect of cognitive load on IB was significantly influenced by the
type of cognitive load paradigm, that is, by the presence or absence of concurrent stimuli when

the unexpected stimulus was displayed.

To evaluate the presence of a publication bias, we computed a funnel plot (Figure 5) but

the Egger's regression test revealed no significant publication bias (#10) = 0.82, p = .431).

--- Insert Figure 5 about here ---

IB and WM resources

A random-effect analysis (inverse variance) of the effect of WM capacities on IB was
performed on the 10 entries, which rely on 909 subjects. The meta-analytic effect size of WM
resources on IB was significant (Z=2.18, p = .03) with low WM resources associated with

more [B (SDM = 0.3; 95% ClIs [0.03, 0.57]; Figure 6).

--- Insert Figure 6 about here ---

The analysis of heterogeneity was also significant (Q(9) = 29.79, > =0.12, p <.001)
showing a substantial heterogeneity between studies' effect sizes (I> =70%). The following
subgroup analyses revealed no significant difference between AOSPAN or OSPAN tests (y%(1)
= 2.42, p=.12). Only one study used a paradigm where the unexpected stimulus appeared
alone, without competitive stimuli for attentional selection (Kreitz, Furley, Simons, et al.,
2016). However, the subgroup analyze was also non-significant (y%(1) = 0.65, p = .42). All
studies used computerized tasks and none has been conducted into more ecological settings thus

we did not perform a subgroup analysis regarding experimental context.

Finally, the publication bias analyses through Egger's test was not significant

(1(9) = 1.04, p = .33; Figure 7).

--- Insert Figure 7 about here ---

35

Quarterly Journal of Experimental Psychology



oNOYTULT D WN =

4. GENERAL DISCUSSION

The present work focused on the role played by perceptual and cognitive resources, as
well as their interaction, in determining the occurrence of the IB phenomenon. Our aim was to
investigate, qualitatively and quantitatively, whether the Load Theory (Lavie, 1995, 2005,
2010) can provide a comprehensive framework in this field and account for the results of a large
range of IB studies. Many studies have already provided empirical support for the Load Theory
but most of them relied on attentional capture paradigms and implicit measures of attentional
shifts. However, since allocation of attention is a necessary but not sufficient condition for
conscious perception (Cohen et al., 2012), it was unclear whether this framework could also
predict the perception of unexpected stimuli in IB paradigms. Thirty-six studies have been
included in our systematic review, leading to 58 entries in the three following meta-analyses.
We found that the empirical validation of the Load Theory largely depends on the type of load

considered.

4.1. Perceptual load as a main determinant of IB

Most of the studies included in the systematic review have provided results in line with
the Load Theory concerning the perceptual load effect (Tables 1 and 3). Those results have
been obtained in several computer-based and real-world scenario experiments, supporting the
internal and external validity of the theory. Increasing the perceptual load of a task imposes a
strong bias to prevent the perceptual processing of irrelevant stimuli (Culham et al., 2001; Scalf
et al., 2013; Torralbo et al., 2016). Accordingly, IB for the unexpected stimulus was larger
under high rather than low perceptual load in most of the studies that we reviewed and this
observation was statistically confirmed in the subsequent meta-analysis (Figure 2). Therefore,
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it seems that the perceptual account of the Load Theory holds for the attentional capture by a
task-irrelevant — but expected — stimulus as well as for the conscious perception of a task-

irrelevant — but unexpected — stimulus.

However, our review revealed several studies in which a higher perceptual load did not
lead to increased IB rates in any situations (Ericson et al., 2017; Hughes-Hallett et al., 2015;
Lathrop et al., 2011; Richards et al., 2012). First, it should be noted that the results in Richards
et al., (2012) were numerically in line with the Load Theory and the difference in IB rates
between low and high perceptual load was close to significance threshold (p = .065). The
authors therefore argued that their perceptual load manipulation was probably not strong
enough. Alternatively, the lack of significance could be due to sample variability because
studies using very similar design have reported significant results (e.g., Horwood & Beanland,
2016; Simons & Jensen, 2009). Second, the study published by Ericson et al. (2017) was
conducted on a driving simulator and a// the observers in each load conditions detected the
unexpected pedestrian crossing the road. According to the authors, in order to maintain their
operating speed, drivers would have collided the pedestrian, making its detection almost
unavoidable and leading to the ceiling effect observed. Third, Hughes-Hallett et al. (2015)
observed no significant effect of perceptual load on surgeons' awareness for an unexpected
event. However, two related studies conducted in analogous surgical contexts have shown
significant effects of perceptual load on IB (Dixon et al., 2013; Marcus et al., 2015). Because
the main outcome (blindness/awareness) is assessed on a single experimental trial, IB studies
require a large sample size to reach sufficient statistical power. In applied studies conducted in
very specific contexts like surgery, low sample size group (here, 73 observers distributed in six
groups) might lower the statistical power. Consequently, discrepant results could be due to
sample heterogeneity and/or individual differences (e.g., expertise) that hampered the results'

replicability. Finally, the remaining study reporting null results (Lathrop et al., 2011) employed
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a quite unusual load manipulation (i.e., a variant of the cross-task), and in the absence of other
decisive measures, one could question whether it has been efficient to produce a significant

variation of the perceptual load (Benoni & Tsal, 2013; Roper et al., 2013).

It is worth mentioning that perceptual load was not the only determinant of the IB
phenomenon in the present studies. Indeed, in several studies, the perception of the unexpected
stimulus was modulated by additional factors such as its congruency with the observer’s
attentional set (Horwood & Beanland, 2016; Koivisto & Revonsuo, 2009; White & Davies,
2008), its semantic category and spatial location (Lin & Yeh, 2014), or by individuals clinical
traits (Swettenham et al., 2014). However, those modulations of perceptual load effects should
not be considered as surprising, nor specific to IB paradigms. For instance, the observer's
attentional set (Theeuwes et al., 2004) or the distractor spatial location (Chen & Cave, 2016)
are known to interact with perceptual load in visual search tasks. Those factors are also known
to influence the rates of IB (for the influence of the attentional set see Most, 2013; Most et al.,
2005; for the influence of spatial location see Most et al., 2000; Newby & Rock, 1998).
Therefore, as for implicit measures of attentional shifts, the perceptual load of the task should
be considered as one of the main (but not the only) determinant of awareness (Murphy et al.,

2016).

The perceptual load account seems to accommodate with a well-known model about the
interaction between attention and consciousness, namely the Global Neuronal Workspace
hypothesis (Dehaene et al., 2006; Dehaene & Naccache, 2001) which extends Baars' (1988)
cognitive theory of consciousness. Accordingly, although attention and consciousness are
different, they are inextricably intertwined because attention serves as a gateway to
consciousness (see also Chica & Bartolomeo, 2012; Cohen et al.,, 2012). Attentional
mechanisms could be triggered by bottom-up activation and/or top-down amplification for a

stimulus, in order to reach the threshold for conscious perception (see also Kouider & Dehaene,
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2007). In IB tasks, the observer's attention is already engaged in a demanding attentional task.
Moreover, high perceptual load prevents the unexpected stimulus to gain sufficient access to
perceptual resources because of the top-down inhibition of irrelevant stimuli (Culham et al.,
2001; Torralbo et al., 2016). On this basis, it is unsurprising that observers remained largely
unaware of the unexpected stimuli under high perceptual load condition because it did not
receive enough bottom-up activation (nor top-down amplification) to capture attention and thus
consciousness. This framework could also accommodate with results showing modulations of
the perceptual load effect by additional factors (see above). Indeed, an unexpected stimulus that
is congruent with the observer's attentional set is more likely to benefit from top-down bias and
to receive attention (for integration between bottom-up and top-down activations see Fecteau
& Munoz, 2006; Zelinsky & Bisley, 2015). Therefore, unexpected stimuli that are congruent
with the current attentional set are more likely to be noticed, lowering the IB rates observed

(Horwood & Beanland, 2016; Koivisto & Revonsuo, 2009; White & Davies, 2008).

4.2. The impact of cognitive load on IB

Regarding the influence of cognitive load on IB, our review revealed a picture that is
rather in contradiction with the Load Theory (see Tables 2 and 3 and Figures 4 and 6), at least
with the strong interpretation of its cognitive load account. Accordingly, the theory predicts that
WM load will increase the processing of irrelevant information that compete for attention with
relevant stimuli (Lavie et al., 2004). When WM resources are depleted they could not be
engaged to prioritize relevant processing and to actively guard against distraction (both
processes relying on WM resources). Consecutively, the unexpected stimulus should be more
likely to receive attention and gain consciousness access under high load (i.e., IB should

decrease under high load). However, only two studies manipulating the cognitive load, with an
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unexpected stimuli appearing among others stimuli, have reported such observation (Beanland
et al., 2011; de Fockert & Bremner, 2011). Moreover, the following subgroup test in the meta-
analysis confirmed the doubts surrounding this prediction, with a non-significant effect size for
studies displaying the unexpected stimulus in a "competitive" condition. Additionally, evidence
contradicting the Load Theory came from studies that measured WM capacities (i.e., AOSPAN
and OSPAN), and looked whether it predicted IB in an independent attentional task. The
qualitative and quantitative analyses revealed that individual who were blinded to the
unexpected stimulus had lower WM capacities than those we perceived it. Those results were
observed even in situation where the unexpected stimulus appeared in competition with other
stimuli. Thereafter, contrary to the Load Theory prediction, those studies support the proposal
that WM resources are rather mobilized to process the unexpected stimulus, even when it

competes for attentional selection.

Regarding experimental conditions where the unexpected stimulus appeared alone (i.e.,
without competition), the results also confirmed that WM load increases IB. In that case, one
could argue that when no concurrent stimuli had to be processed, observers' attention is
disengaged from the screen and focused "internally" on information stored in WM, because
memory traces decay as soon as attention is switched away (Barrouillet et al., 2011; Barrouillet
& Camos, 2020). According to this view, the more information has to be maintained, the less

attention is paid to the screen and thus the more IB should occur.

Globally, the discrepancy between studies reporting greater distractor interferences
under high cognitive load (e.g., de Fockert et al., 2001; Lavie et al., 2004; Lavie & de Fockert,
2005) and our meta-analyses showing "paradoxically" more IB for an irrelevant stimulus under
similar condition (i.e., competition), raised important questions that deserve to be explored in
further research. In our view, one way to reconcile those discrepant results would be to take

into consideration the status of the irrelevant stimulus between attentional capture and
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subjective awareness paradigms. Indeed, in attentional capture paradigms, the distractor is
clearly irrelevant but expected, because it is usually present in many trials and participants
received explicit instruction to ignore it. Consequently, observers might develop an attentional
set that relies on WM resources to suppress specifically irrelevant information. Thus, the
depletion of WM resources by a concurrent task would weaken the attentional settings and the
distractor would be more likely to capture attention, producing larger interferences under high
load. Conversely, in subjective awareness paradigms, the "distractor" is clearly unexpected and
no distractor's features are represented into the observer's attentional set. Therefore, under low
cognitive load, some WM resources are still available to process the unexpected event, which
is, at the time of its (first) apparition neither relevant nor irrelevant. As a result, the unexpected
stimulus is likely to gain access to consciousness. However, under high cognitive load, most of
WM resources are already engaged to process relevant information. In this way, the unexpected
event does not received access to WM and would be more likely to go consciously unnoticed,
increasing IB rates. In other words, the status of the distractor and the resulting observer's
attentional set would determine whether the cognitive load would increase or decrease the effect

of an irrelevant stimulus.

In sum, the cognitive load account of the Load Theory did not find a large support in
the studies included in our systematic review, as confirmed by our meta-analyses. Therefore,
we could not discard the possibility that the only two studies supporting the Load Theory
prediction for stimuli that compete for attention have found a positive result due to a sample

bias or to extremely specific experimental settings.

4.3. Implications for the Load Theory and future research directions
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According to the studies included in this present review, the perceptual load effect
described in the Load Theory has a reliable influence on the IB phenomenon. In other words,
the influence of perceptual load on implicit attentional capture is similar to its influence on
explicit subjective awareness. In that sense, the Load Theory provides a comprehensive
framework that could be extended to conscious perception. However, regarding the influence
of the cognitive load on IB, evidence in favor of the Load Theory is scarce, particularly for

situations where stimuli are in competition for attentional selection.

Rather than throwing the baby out with the bathwater, a reframing of Load Theory might
accommodate with the discrepancy observed for the cognitive load account. On the one hand,
those findings could converge on the idea that WM resources underlying explicit processing of
an unexpected object fundamentally differ from those involved in the implicit processing of
expected distractors (for a discussion see Hassin et al., 2009). In that sense, we could
hypothesize that WM capacities would be useful to inhibit expected irrelevant information at
an implicit attentional level, so that high cognitive load leads to increase distractor processing
(e.g., Lavie & de Fockert, 2005). Conversely, (others) WM capacities could be necessary for
explicit awareness access, playing a role for top-down amplification in attention-consciousness
models (Baars & Franklin, 2003; Dehaene et al., 2006; Gayet et al., 2013; Halgren et al., 2002)
so that high cognitive load leads to increased IB (e.g., Fougnie & Marois, 2007; Légal et al.,
2017). Therefore, the Load Theory should reframe to distinguish between implicit or explicit
processing levels, as it would reverse the effect of cognitive load (see also Konstantinou et al.,
2014; Konstantinou & Lavie, 2013). However, this alternative interpretation of the Load Theory
is merely additive to the existing model. On the other hand, a more parsimonious view would
be to consider that the same WM load would produce the same effect at both implicit and
explicit levels. As we argued above, the processing of irrelevant stimuli could be increased or

decreased under high cognitive load, depending on 7ow WM resources are actually involved in
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a given experimental context (e.g., distractor expected or unexpected) rather than the (implicit
or explicit) measurement level (see also Luna et al., 2020). In that sense, we could imagine that
in attentional capture paradigms, the distractor taps on WM resources on early trials but,
progressively, the observers develop an attentional set that prevents attentional capture and
decreases distractor interference (see De Tommaso & Turatto, 2019). Turning into subjective
awareness, it means that observers would be particularly aware of the distractor on early trials,
but the distractor would be less likely to reach consciousness on the later trials. Therefore, the
Load Theory could evolve to take into consideration how WM resources are used to perform a
task in a given context. This point also echoes recent findings showing that individuals could
develop different strategies on WM tasks and thus did not use WM resources in the same extent
(Logie et al., 2020). Interestingly, this view might be in line with neurobiological models of
selective attention (Corbetta & Shulman, 2002; Petersen & Posner, 2012). Classically, a dorsal
attentional network (DAN) and a ventral attentional network (VAN) interact to determine the
orienting and reorienting of attention. Whereas the DAN is involved in top—down control
processes and the cognitive selection of information that are relevant to current goals, the VAN
is generally activated when an unexpected event occurs (Corbetta et al., 2008). In that sense,
the key function of the VAN is to trigger shifts of attention toward stimuli outside of the current
focus, and is referred to as the circuit breaking section of the two attention networks (Shulman
et al., 2002). Therefore, one could imagine that the status of the distractor (i.e., expected or
unexpected) might have different implication regarding the DAN and VAN interactions, with
the latter being implicated in attention reorienting toward the unexpected stimulus in IB
paradigms. Further research is thus needed to determine more precisely the different strategic
utilizations of WM resources that could be achieved by individuals and their implications at a

neuronal level.
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Moving to another point, some criticisms toward the Load Theory have concerned the
potential confound between perceptual load manipulation and the increase in general task
difficulty (Benoni & Tsal, 2012; see Murphy et al., 2016). Indeed, the greater difficulty and the
general slowing of response associated with higher load might be compensated for by applying
more attention and thus, the decrease of distractor interference under high load might be
attributed to the task difficulty rather than being a specific effect of load on perceptual
resources. However, the contrast between perceptual and cognitive load effects on distractor
interference has ruled out the general task difficulty as an alternative account (Lavie et al.,
2004). Although both loads increase task difficulty, they clearly have opposite effect on
distractor interference. Moreover, increasing the task difficulty in a manner that could not be
compensated by applying more attention (i.e., sensory degradation) did not reduce distractor
interference (Lavie & de Fockert, 2003). This debate about load and task difficulty relied on
implicit measures of distractor processing but our review and meta-analyses revealed that the
pattern is still not clear when explicit measures and distractor awareness are considered. Both
perceptual and cognitive load increase the difficulty of the primary task in the studies included
(e.g., Cartwright-Finch & Lavie, 2007; Fougnie & Marois, 2007; Légal et al., 2017; Simons &
Jensen, 2009), irrespectively of whether the unexpected stimulus appears alone or in
competition. Whereas the perceptual load meta-analytic effect size revealed larger IB rates
under high load, this was not the case for the global meta-analytic effect size of cognitive load
(i.e., larger IB rates only significant when stimuli were not in competition). Additionally,
investigations of IB in the light of WM capacities did not show any significant differences in
primary task difficulty between individuals who were blinded and those who were not (e.g.,
Hannon & Richards, 2010; Richards et al., 2010, 2012, 2014). Therefore, similarly to implicit

measures of distractor interference, the general task difficulty account does not seem to fully
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explain the pattern of IB observed in the included studies here, but more investigations are

needed to settle this point.

Finally, our review revealed a lack of investigations on the potential interactive effect of
perceptual and cognitive load on IB. Both effects have been considered independently
(Beanland et al., 2011; Hughes-Hallett et al., 2015; Richards et al., 2012) or the dependent
variable concerned AOSPAN scores instead of IB rates (Calvillo & Jackson, 2014). Therefore,
a promising research direction would be to assess whether both factors actually interact to
determine IB. This would give an opportunity to evaluate more deeply the Load Theory
framework for explicit awareness capture and should be considered as a useful perspective on
its own to understand and predict IB under a larger range of situations. An important step would
be also to invest applied research in a more extensive way, notably regarding the role of WM
resources for which only one study (Hughes-Hallett et al., 2015) took place into a real-world
scenario. Besides, as underlined in the present review, some studies have investigated the
impact of augmented reality systems on IB (Dixon et al., 2013; Hughes-Hallett et al., 2015;
Marcus et al., 2015). We suggest that all the fields concerned by the emergence of augmented
reality would benefit from the efforts made to disentangle the (separate and/or combined)
effects of perceptual and cognitive load on IB. Indeed, the purpose of this new technology is
precisely to reduce the individuals' cognitive load (e.g., Braly et al., 2019; Jetter et al., 2018)
by displaying virtual perceptual information superimposed on the real world, thereby increasing
their perceptual load (Azuma et al., 2001; Bottani & Vignali, 2019). Nonetheless, while many
studies have already highlighted the advantages provided by augmented reality systems into the
"Industry 4.0" (e.g., Braly et al., 2019; Fiorentino et al., 2014; Vignali et al., 2018), the potential
impact of those systems on the IB experienced by users and, as a consequence, on their safety,

remains largely unexplored (see Kim & Gabbard, 2019; Lewis & Neider, 2016).
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S. CONCLUSIONS

The present review gives strength to the perceptual account of the Load Theory, beyond
distractor interference at implicit levels, and highlights a reliable effect of perceptual load
among many experimental situations. However, the cognitive load account of this framework
only received poor support. It could suggest that the Load Theory has to distinguish more finely
how WM is involved in a given experimental context. Evaluating the interaction between both
loads as well as conducting applied research would be beneficial to provide a more
comprehensive framework about how perceptual and cognitive load would determine IB in our

daily activities.

6. SUPPLEMENTARY MATERIAL

The Supplementary Material is available at: qjep.sagepub.com

7. REFERENCES

Azuma, R., Baillot, Y., Behringer, R., Feiner, S., Julier, S., & Maclntyre, B. (2001). Recent advances in augmented
reality. IEEE Computer Graphics and Applications, 21(6), 34—47. https://doi.org/10.1109/38.963459

Baars, B. J. (1988). A Cognitive Theory of Consciousness. New-York, NY: Cambridge University Press.
https://philpapers.org/rec/ BAAACT

Baars, B. J., & Franklin, S. (2003). How conscious experience and working memory interact. Trends in Cognitive
Sciences, 7(4), 166—172. https://doi.org/10.1016/S1364-6613(03)00056-1

Baddeley, A. D. (1996). Exploring the Central Executive. The Quarterly Journal of Experimental Psychology
Section A, 49(1), 5-28. https://doi.org/10.1080/713755608

Barrouillet, P., & Camos, V. (2020). The Time-Based Resource-Sharing Model of Working Memory. In R. H.
Logie, V. Camos, & N. Cowan (Eds.), Working Memory. The state of the science (pp. 85-115). Oxford
Scholarship Online. https://doi.org/10.1093/0S0/9780198842286.003.0004

Barrouillet, P., Portrat, S., & Camos, V. (2011). On the Law Relating Processing to Storage in Working Memory.
Psychological Review, 118(2), 175-192. https://doi.org/10.1037/a0022324

Beanland, V., Allen, R. A., & Pammer, K. (2011). Attending to music decreases inattentional blindness.
Consciousness and Cognition, 20(4), 1282—1292. https://doi.org/10.1016/j.concog.2011.04.009

Beanland, V., & Chan, E. H. C. (2016). The relationship between sustained inattentional blindness and working

46

Quarterly Journal of Experimental Psychology

Page 46 of 73



Page 47 of 73

oNOYTULT D WN =

memory capacity. Attention, Perception, and Psychophysics, 78(3), 808-817.
https://doi.org/10.3758/s13414-015-1027-x

Beanland, V., & Pammer, K. (2010). Looking without seeing or seeing without looking? Eye movements in
sustained inattentional blindness. Vision Research, 50(10), 977-988.
https://doi.org/10.1016/j.visres.2010.02.024

Becker, B. J. (2000). Multivariate Meta-analysis. In H. E. A. Tinsley & E. D. Brown (Eds.), Handbook of Applied
Multivariate Statistics and Mathematical Modeling (pp. 499-525). Elsevier. https://doi.org/10.1016/b978-
012691360-6/50018-5

Benoni, H., & Tsal, Y. (2012). Controlling for dilution while manipulating load: Perceptual and sensory limitations
are just two aspects of task difficulty. Psychonomic Bulletin & Review, 19(4), 631-638.
https://doi.org/10.3758/s13423-012-0244-8

Benoni, H., & Tsal, Y. (2013). Conceptual and methodological concerns in the theory of perceptual load. Frontiers
in Psychology, 4, 552. https://doi.org/10.3389/fpsyg.2013.00522

Bottani, E., & Vignali, G. (2019). Augmented reality technology in the manufacturing industry: A review of the
last decade. IISE Transactions, 51(3), 284-310. https://doi.org/10.1080/24725854.2018.1493244

Braly, A. M., Nuernberger, B., & Kim, S. Y. (2019). Augmented Reality Improves Procedural Work on an
International ~ Space  Station  Science Instrument.  Human  Factors, 61(6), 866—878.
https://doi.org/10.1177/0018720818824464

Bredemeier, K., & Simons, D. J. (2012). Working memory and inattentional blindness. Psychonomic Bulletin and
Review, 19(2), 239-244. https://doi.org/10.3758/s13423-011-0204-8

Broadbent, D. E. (1958). Perception and Communication.

Bruckmaier, M., Tachtsidis, 1., Phan, P., & Lavie, N. (2020). Attention and Capacity Limits in Perception: A
Cellular Metabolism Account. Journal of  Neuroscience, 40(35), 6801-6811.
https://doi.org/10.1523/INEUROSCI1.2368-19.2020

Burke, J. F., Sussman, J. B., Kent, D. M., & Hayward, R. A. (2015). Three simple rules to ensure reasonably
credible subgroup analyses. BMJ, 351. https://doi.org/10.1136/bmj.h5651

Calvillo, D. P., & Jackson, R. E. (2014). Animacy, perceptual load, and inattentional blindness. Psychonomic
Bulletin & Review, 21(3), 670-675. https://doi.org/10.3758/s13423-013-0543-8

Caparos, S., & Linnell, K. J. (2010). The spatial focus of attention is controlled at perceptual and cognitive levels.
Journal of Experimental Psychology: Human Perception and Performance, 36(5), 1080-1107.
https://doi.org/10.1037/a0020367

Carmel, D., Fairnie, J., & Lavie, N. (2012). Weight and see: Loading working memory improves incidental
identification of irrelevant faces. Frontiers in Psychology, 3, 286.. https://doi.org/10.3389/fpsyg.2012.00286

Carrasco, M. (2011). Visual attention: The past 25 years. Vision Research, 51(13), 1484-1525.
https://doi.org/10.1016/j.visres.2011.04.012

Cartwright-Finch, U., & Lavie, N. (2007). The role of perceptual load in inattentional blindness. Cognition, 102(3),
321-340. https://doi.org/10.1016/j.cognition.2006.01.002

Chabris, C. F., Weinberger, A., Fontaine, M., & Simons, D. J. (2011). You do not talk about Fight Club if you do
not notice Fight Club: Inattentional blindness for a simulated real-world assault. I-Perception, 2(2), 150—
153. https://doi.org/10.1068/10436

Chen, Z., & Cave, K. R. (2016). Zooming in on the cause of the perceptual load effect in the go/no-go paradigm.
Journal of Experimental Psychology: Human Perception and Performance, 42(8), 1072—-1087.
https://doi.org/10.1037/xhp0000168

Chica, A. B., & Bartolomeo, P. (2012). Attentional routes to conscious perception. Frontiers in Psychology, 3,
1.https://doi.org/10.3389/fpsyg.2012.00001

Cohen, M. A., Cavanagh, P., Chun, M. M., & Nakayama, K. (2012). The attentional requirements of
consciousness. In Trends in Cognitive Sciences, 16(8), 411-417. https://doi.org/10.1016/j.tics.2012.06.013

47

Quarterly Journal of Experimental Psychology



oNOYTULT D WN =

Corbetta, M., Patel, G., & Shulman, G. L. (2008). The Reorienting System of the Human Brain: From Environment
to Theory of Mind. Neuron, 58(3), 306-324. https://doi.org/10.1016/J NEURON.2008.04.017

Corbetta, M., & Shulman, G. L. (2002). Control of goal-directed and stimulus-driven attention in the brain. Nature
Reviews. Neuroscience, 3(3), 201-215. https://doi.org/10.1038/nrn755

Cosman, J. D., & Vecera, S. P. (2010). Attentional capture by motion onsets is modulated by perceptual load.
Attention, Perception & Psychophysics, 72(8), 2096-2105. https://doi.org/10.3758/APP.72.8.2096

Culham, J. C., Cavanagh, P., & Kanwisher, N. G. (2001). Attention response functions: Characterizing brain areas
using fMRI activation during parametric variations of attentional load. Neuron, 32(4), 737-745.
https://doi.org/10.1016/S0896-6273(01)00499-8

de Fockert, J. W. (2013). Beyond perceptual load and dilution: a review of the role of working memory in selective
attention. Frontiers in Psychology, 4, 287. https://doi.org/10.3389/fpsyg.2013.00287

de Fockert, J. W., & Bremner, A. J. (2011). Release of inattentional blindness by high working memory load:
elucidating the relationship between working memory and selective attention. Cognition, 121(3), 400-408.
https://doi.org/10.1016/j.cognition.2011.08.016

de Fockert, J. W., Rees, G., Frith, C. D., & Lavie, N. (2001). The Role of Working Memory in Visual Selective
Attention. Science, 291(5509), 1803—1806. https://doi.org/10.1126/science.1056496

de Fockert, J. W., Rees, G., Frith, C. D., & Lavie, N. (2004). Neural Correlates of Attentional Capture in Visual
Search. Journal of Cognitive Neuroscience, 16(5), 751-759. https://doi.org/10.1162/089892904970762

De Tommaso, M., & Turatto, M. (2019). Learning to ignore salient distractors: Attentional set and habituation.
Visual Cognition, 27(3—4), 214-226. https://doi.org/10.1080/13506285.2019.1583298

Deeks, J. J., Higgins, J. P., & Altman, D. G. (2021). Chapter 10: Analysing data and undertaking meta-analyses.
In J. P. Higgins, J. Thomas, J. Chandler, M. Cumpston, T. Li, M. Page, & V. Welch (Eds.), Cochrane
Handbook for Systematic Reviews of Interventions. Cochrane, 2021.
https://training.cochrane.org/handbook/current/chapter-10#section-10-10

Dehaene, S., Changeux, J. P., Naccache, L., Sackur, J., & Sergent, C. (2006). Conscious, preconscious, and
subliminal processing: a testable taxonomy. Trends in Cognitive Sciences, 10(5), 204-211.
https://doi.org/10.1016/j.tics.2006.03.007

Dehaene, S., & Naccache, L. (2001). Towards a cognitive neuroscience of consciousness: Basic evidence and a
workspace framework. Cognition, 79(1-2), 1-37. https://doi.org/10.1016/S0010-0277(00)00123-2

Desimone, R., & Duncan, J. S. (1995). Neural mechanisms of selective visual attention. Annual Review of
Neuroscience, 18(1), 193-222. https://doi.org/10.1146/annurev.ne.18.030195.001205

Dixon, B. J., Daly, M. J., Chan, H., Vescan, A. D., Witterick, L. J., & Irish, J. C. (2013). Surgeons blinded by
enhanced navigation: the effect of augmented reality on attention. Surgical Endoscopy, 27(2), 454-461.
https://doi.org/10.1007/s00464-012-2457-3

Duncan, J., & Humphreys, G. W. (1989). Visual Search and Stimulus Similarity. Psychological Review, 96(3),
433-458. https://doi.org/10.1037/0033-295X.96.3.433

Duncan, J., & Humphreys, G. W. (1992). Beyond the search surface: Visual search and attentional engagement.
Journal of Experimental Psychology: Human Perception and Performance, 18(2), 578-588.
https://doi.org/10.1037//0096-1523.18.2.578

Duval, S., & Tweedie, R. (2000). Trim and fill: A simple funnel-plot-based method of testing and adjusting for
publication bias in meta-analysis. Biometrics, 56(2), 455-463. https://doi.org/10.1111/5.0006-
341X.2000.00455.x

Eltiti, S., Wallace, D., & Fox, E. (2005). Selective target processing: perceptual load or distractor salience?
Perception & Psychophysics, 67(5), 876—885. https://doi.org/10.3758/BF03193540

Engle, R. W. (2002). Working Memory Capacity as Executive Attention. Current Directions in Psychological
Science, 11(1), 19-23. https://doi.org/10.1111/1467-8721.00160

Ericson, J. M., Parr, S. A., Beck, M. R., & Wolshon, B. (2017). Compensating for failed attention while driving.

48

Quarterly Journal of Experimental Psychology

Page 48 of 73



Page 49 of 73

oNOYTULT D WN =

Transportation — Research ~ Part F:  Traffic  Psychology and  Behaviour, 45, 65-74.
https://doi.org/10.1016/j.tr£.2016.11.015

Fecteau, J., & Munoz, D. (2006). Salience, relevance, and firing: a priority map for target selection. Trends in
Cognitive Sciences, 10(8), 382—390. https://doi.org/10.1016/j.tics.2006.06.011

Fiorentino, M., Uva, A. E., Gattullo, M., Debernardis, S., & Monno, G. (2014). Augmented reality on large screen
for interactive  maintenance  instructions.  Computers in  Industry, 65(2), 270-278.
https://doi.org/10.1016/j.compind.2013.11.004

Fitousi, D., & Wenger, M. J. (2011). Processing capacity under perceptual and cognitive load: a closer look at load
theory. Journal of Experimental Psychology: Human Perception and Performance, 37(3), 781-798.
https://doi.org/10.1167/8.6.988

Folk, C. L., Remington, R. W., & Johnston, J. C. (1992). Involuntary covert orienting is contingent on attentional
control settings. Journal of Experimental Psychology: Human Perception and Performance, 18(4), 1030—
1044. https://doi.org/10.1037/0096-1523.18.4.1030

Folk, C. L., Remington, R. W., & Wright, J. H. (1994). The structure of attentional control: Contingent attentional
capture by apparent motion, abrupt onset, and color. Journal of Experimental Psychology: Human
Perception and Performance, 20(2), 317-329. https://doi.org/10.1037/0096-1523.20.2.317

Forster, S., & Lavie, N. (2008). Failures to ignore entirely irrelevant distractors: the role of load. Journal of
Experimental Psychology: Applied, 14(1), 73—83. https://doi.org/10.1037/1076-898X.14.1.73

Fougnie, D., & Marois, R. (2007). Executive working memory load induces inattentional blindness. Psychonomic
Bulletin and Review, 14(1), 142—147. https://doi.org/10.3758/BF03194041

Fukuda, K., & Vogel, E. K. (2009). Human Variation in Overriding Attentional Capture. Journal of Neuroscience,
29(27), 8726-8733. https://doi.org/10.1523/INEUROSCI.2145-09.2009

Gaspar, J. M., & McDonald, J. J. (2014). Suppression of Salient Objects Prevents Distraction in Visual Search.
Journal of Neuroscience, 34(16), 5658-5666. https://doi.org/10.1523/JNEUROSCI.4161-13.2014

Gaspelin, N., Leonard, C. J., & Luck, S. J. (2015). Direct Evidence for Active Suppression of Salient-but-Irrelevant
Sensory Inputs. Psychological Science, 26(11), 1740—1750. https://doi.org/10.1177/0956797615597913

Gaspelin, N., & Luck, S. J. (2018). Combined Electrophysiological and Behavioral Evidence for the Suppression
of  Salient  Distractors.  Journal  of  Cognitive  Neuroscience, 3009), 1265-1280.
https://doi.org/10.1162/jocn_a 01279

Gayet, S., Paffen, C. L. E., & Van der Stigchel, S. (2013). Information matching the content of visual working
memory is prioritized for conscious access. Psychological Science, 24(12), 2472-2480.
https://doi.org/10.1177/0956797613495882

Halgren, E., Boujon, C., Clarke, J., Wang, C., & Chauvel, P. (2002). Rapid distributed fronto-parieto-occipital
processing stages during working memory in humans. Cerebral Cortex, 12(7), 710-728.
https://doi.org/10.1093/cercor/12.7.710

Handy, T. C., & Mangun, G. R. (2000). Attention and spatial selection: Electrophysiological evidence for
modulation by  perceptual load.  Perception &  Psychophysics, 62(1), 175-186.
https://doi.org/10.3758/BF03212070

Handy, T. C., Soltani, M., & Mangun, G. R. (2001). Perceptual Load and Visuocortical Processing: Event-Related
Potentials  Reveal  Sensory-Level  Selection.  Psychological  Science,  12(3), 213-218.
https://doi.org/10.1111/1467-9280.00338

Hannon, E. M., & Richards, A. (2010). Is Inattentional Blindness Related to Individual Differences in Visual
Working Memory Capacity or Executive Control Functioning? Perception, 39(3), 309-319.
https://doi.org/10.1068/p6379

Harvey, A. J., Bayless, S. J., & Hyams, G. (2018). Alcohol increases inattentional blindness when cognitive
resources are not consumed by ongoing task demands. Psychopharmacology, 235(1), 309-315.
https://doi.org/10.1007/s00213-017-4772-9

Hassin, R. R., Bargh, J. A, Engell, A. D., & McCulloch, K. C. (2009). Implicit working memory. Consciousness

49

Quarterly Journal of Experimental Psychology



oNOYTULT D WN =

and Cognition, 18(3), 665—678. https://doi.org/10.1016/j.concog.2009.04.003

Higgins, J. P. (2008). Commentary: Heterogeneity in meta-analysis should be expected and appropriately
quantified. International Journal of Epidemiology, 37(5), 1158—1160. https://doi.org/10.1093/ije/dyn204

Higgins, J. P., Li, T., & Deeks, J. J. (2021). Chapter 6: Choosing effect measures and computing estimates of
effect. In J. P. Higgins, J. Thomas, J. Chandler, M. Cumpston, T. Li, M. Page, & W. VA (Eds.), Cochrane
Handbook for Systematic Reviews of Interventions. Cochrane, 2021.
https://training.cochrane.org/handbook/current/chapter-06

Higgins, J. P., Thompson, S. G., Deeks, J. J., & Altman, D. G. (2003). Measuring inconsistency in meta-analyses.
BMJ, 327(7414), 557-560. https://doi.org/10.1136/bm;j.327.7414.557

Horwood, S., & Beanland, V. (2016). Inattentional blindness in older adults: Effects of attentional set and to-be-
ignored distractors. Attention, Perception, and  Psychophysics, 78(3), 818-828.
https://doi.org/10.3758/s13414-015-1057-4

Hughes-Hallett, A., Mayer, E. K., Marcus, H. J., Pratt, P., Mason, S., Darzi, A. W., & Vale, J. A. (2015). Inattention
blindness in surgery. Surgical Endoscopy, 29(11), 3184-3189. https://doi.org/10.1007/s00464-014-4051-3

loannidis, J. P. A., & Trikalinos, T. A. (2007). The appropriateness of asymmetry tests for publication bias in
meta-analyses: A large survey. CMAJ, 176(8), 1091-1096. https://doi.org/10.1503/cmaj.060410

Jensen, M. S., Yao, R., Street, W. N., & Simons, D. J. (2011). Change blindness and inattentional blindness. Wiley
Interdisciplinary Reviews: Cognitive Science, 2(5), 529-546. https://doi.org/10.1002/wcs.130

Jetter, J., Eimecke, J., & Rese, A. (2018). Augmented reality tools for industrial applications: What are potential
key performance indicators and who benefits? Computers in Human Behavior, 87, 18-33.
https://doi.org/10.1016/j.chb.2018.04.054

Kahneman, D. (1973). Attention and Effort. Englewood Cliffs, NJ: Prentice-Hall.

Kelley, T. A., & Lavie, N. (2011). Working Memory Load Modulates Distractor Competition in Primary Visual
Cortex. Cerebral Cortex, 21(3), 659—665. https://doi.org/10.1093/cercor/bhq139

Kim, H., & Gabbard, J. L. (2019). Assessing Distraction Potential of Augmented Reality Head-Up Displays for
Vehicle Drivers. Human Factors: The Journal of the Human Factors and Ergonomics Society.
https://doi.org/10.1177/0018720819844845

Kiss, M., & Eimer, M. (2011). Attentional capture by size singletons is determined by top-down search goals.
Psychophysiology, 48(6), 784—787. https://doi.org/10.1111/j.1469-8986.2010.01145.x

Koivisto, M., & Revonsuo, A. (2008). The role of unattended distractors in sustained inattentional blindness.
Psychological Research, 72(1), 39-48. https://doi.org/10.1007/s00426-006-0072-4

Koivisto, M., & Revonsuo, A. (2009). The effects of perceptual load on semantic processing under inattention.
Psychonomic Bulletin & Review, 16(5), 864—868. https://doi.org/10.3758/PBR.16.5.864

Konstantinou, N., Beal, E., King, J.-R., & Lavie, N. (2014). Working memory load and distraction: dissociable
effects of visual maintenance and cognitive control. Attention, Perception, & Psychophysics, 76(7), 1985—
1997. https://doi.org/10.3758/s13414-014-0742-7

Konstantinou, N., & Lavie, N. (2013). Dissociable roles of different types of working memory load in visual
detection. Journal of Experimental Psychology: Human Perception and Performance, 39(4), 919-924.
https://doi.org/10.1037/a0033037

Kouider, S., & Dehaene, S. (2007). Levels of processing during non-conscious perception: A critical review of
visual masking. Philosophical Transactions of the Royal Society B: Biological Sciences, 362(1481), 857—
875. https://doi.org/10.1098/rstb.2007.2093

Kreitz, C., Furley, P., Memmert, D., & Simons, D. J. (2015). Inattentional Blindness and Individual Differences
in Cognitive Abilities. PLOS ONE, 10(8), e0134675. https://doi.org/10.1371/journal.pone.0134675

Kreitz, C., Furley, P., Memmert, D., & Simons, D. J. (2016). The Influence of Attention Set, Working Memory
Capacity, and Expectations on Inattentional Blindness. Perception, 45(4), 386-399.
https://doi.org/10.1177/0301006615614465

50

Quarterly Journal of Experimental Psychology

Page 50 of 73



Page 51 of 73

oNOYTULT D WN =

Kreitz, C., Furley, P., Simons, D. J., & Memmert, D. (2016). Does working memory capacity predict cross-modally
induced failures of awareness? Consciousness and Cognition, 39, 18-27.
https://doi.org/10.1016/j.concog.2015.11.010

Lathrop, W. B., Bridgeman, B., & Tseng, P. (2011). Perception in the Absence of Attention: Perceptual Processing
in the Roelofs Effect during Inattentional Blindness. Perception, 40(9), 1104-1119.
https://doi.org/10.1068/p6859

Lavie, N. (1995). Perceptual load as a necessary condition for selective attention. Journal of Experimental
Psychology. Human Perception and Performance, 21(3), 451-468. https://doi.org/10.1037//0096-
1523.21.3.451

Lavie, N. (2005). Distracted and confused?: Selective attention under load. Trends in Cognitive Sciences, 9(2),
75-82. https://doi.org/10.1016/j.tics.2004.12.004

Lavie, N. (2006). The role of perceptual load in visual awareness. Brain Research, 1080(1), 91-100.
https://doi.org/10.1016/j.brainres.2005.10.023

Lavie, N. (2010). Attention, Distraction, and Cognitive Control Under Load. Current Directions in Psychological
Science, 19(3), 143—148. https://doi.org/10.1177/0963721410370295

Lavie, N., & Cox, S. (1997). On the Efficiency of Visual Selective Attention: Efficient Visual Search Leads to
Inefficient Distractor Rejection. Psychological Science, 8(5), 395-396. https://doi.org/10.1111/j.1467-
9280.1997.tb00432.x

Lavie, N., & Dalton, P. (2014). Load Theory of Attention and Cognitive Control. In A. C. (Kia) Nobre & S. Kastner
(Eds.), The Oxford Handbook of Attention (Vol. 1, pp. 56-70). Oxford University Press.
https://doi.org/10.1093/0xfordhb/9780199675111.013.003

Lavie, N., & de Fockert, J. W. (2003). Contrasting effects of sensory limits and capacity limits in visual selective
attention. Perception & Psychophysics, 65(2), 202-212. https://doi.org/10.3758/BF03194795

Lavie, N., & de Fockert, J. W. (2005). The role of working memory in attentional capture. Psychonomic Bulletin
& Review, 12(4), 669—674. https://doi.org/10.3758/BF03196756

Lavie, N., Hirst, A., de Fockert, J. W., & Viding, E. (2004). Load theory of selective attention and cognitive
control. Journal of Experimental Psychology: General, 133(3), 339-354. https://doi.org/10.1037/0096-
3445.133.3.339

Lavie, N., & Torralbo, A. (2010). Dilution: atheoretical burden or just load? A reply to Tsal and Benoni (2010).
Journal of Experimental Psychology. Human Perception and Performance, 36(6), 1657-1664; discussion
1665-1668. https://doi.org/10.1037/a0020733

Lavie, N., & Tsal, Y. (1994). Perceptual load as a major determinant of the locus of selection in visual attention.
Perception & Psychophysics, 56(2), 183—197. https://doi.org/10.3758/BF03213897

Légal, J.-B., Chekroun, P., Coiffard, V., & Gabarrot, F. (2017). Beware of the gorilla: Effect of goal priming on
inattentional blindness. Consciousness and Cognition, 55, 165-171.
https://doi.org/10.1016/j.concog.2017.08.004

Lewis, J. E., & Neider, M. B. (2016). Through the Google Glass: The impact of heads-up displays on visual
attention. Cognitive Research: Principles and Implications, 1(1), 13. https://doi.org/10.1186/s41235-016-
0015-6

Lin, L., Chu, H., Murad, M. H., Hong, C., Qu, Z., Cole, S. R., & Chen, Y. (2018). Empirical Comparison of
Publication Bias Tests in Meta-Analysis. Journal of General Internal Medicine, 33(8), 1260-1267.
https://doi.org/10.1007/s11606-018-4425-7

Lin, S. H., & Yeh, Y. Y. (2014). Attentional load and the consciousness of one’s own name. Consciousness and
Cognition, 26(1), 197-203. https://doi.org/10.1016/j.concog.2014.03.008

Linnell, K. J., & Caparos, S. (2011). Perceptual and cognitive load interact to control the spatial focus of attention.
Journal of Experimental Psychology: Human Perception and Performance, 37(5), 1643-1648.
https://doi.org/10.1037/a0024669

Logie, R. H., Belletier, C., & Doherty, J. M. (2020). Integrating theories of working memory. In R. H. Logie, V.

51

Quarterly Journal of Experimental Psychology



oNOYTULT D WN =

Camos, & N. Cowan (Eds.), Working Memory: State of the Science. Oxford, UK: Oxford University Press.

Luna, F. G., Telga, M., Vadillo, M. A., & Lupiaiiez, J. (2020). Concurrent Working Memory Load May Increase
or Reduce Cognitive Interference Depending on the Attentional Set. Journal of Experimental Psychology:
Human Perception and Performance, 46(7). https://doi.org/10.1037/xhp0000740

Ma, H. P., Chen, P. L., Linkov, V., & Pai, C. W. (2019). Training or battling a monster of a location-based
augmented-reality game while descending stairs: An observational study of inattentional blindness and
deafness and risk-taking inclinations. Frontiers in Psychology, 10, 623.
https://doi.org/10.3389/fpsyg.2019.00623

Mack, A. (2003). Inattentional Blindness: Looking Without Seeing. Current Directions in Psychological Science,
12(5), 180—184. https://doi.org/10.1111/1467-8721.01256

Mack, A., & Rock, I. (1998). Inattentional blindness. MIT Press.

Marciano, H., & Yeshurun, Y. (2012). Perceptual load in central and peripheral regions and its effects on driving
performance: Advertizing billboards. Work, 41(1), 3181-3188. https://doi.org/10.3233/WOR-2012-0580-
3181

Marciano, H., & Yeshurun, Y. (2015). Perceptual Load in Different Regions of the Visual Scene and Its Relevance
for Driving. Human Factors: The Journal of the Human Factors and Ergonomics Society, 57(4), 701-716.
https://doi.org/10.1177/0018720814556309

Marcus, H. J., Pratt, P., Hughes-Hallett, A., Cundy, T. P., Marcus, A. P., Yang, G. Z., Darzi, A., & Nandi, Di.
(2015). Comparative effectiveness and safety of image guidance systems in neurosurgery: A preclinical
randomized study. Journal of Neurosurgery, 123(2), 307-313. https://doi.org/10.3171/2014.10.JNS141662

Matsuyoshi, D., Ikeda, T., Sawamoto, N., Kakigi, R., Fukuyama, H., & Osaka, N. (2010). Task-irrelevant memory
load induces inattentional blindness without temporo-parietal suppression. Neuropsychologia, 48(10), 3094—
3101. https://doi.org/10.1016/j.neuropsychologia.2010.06.021

Moher, D., Liberati, A., Tetzlaff, J., & Altman, D. G. (2009). Preferred Reporting Items for Systematic Reviews
and  Meta-Analyses: The  PRISMA Statement.  PLoS  Medicine, 6(7), e1000097.
https://doi.org/10.1371/journal.pmed.1000097

Moore, C. M., & Egeth, H. (1997). Perception without attention: evidence of grouping under conditions of
inattention. Journal of Experimental Psychology. Human Perception and Performance, 23(2), 339-352.
https://doi.org/10.1037//0096-1523.23.2.339

Most, S. B. (2013). Setting sights higher: category-level attentional set modulates sustained inattentional blindness.
Psychological Research, 77(2), 139—146. https://doi.org/10.1007/s00426-011-0379-7

Most, S. B., Scholl, B. J., Clifford, E. R., & Simons, D. J. (2005). What You See Is What You Set: Sustained
Inattentional Blindness and the Capture of Awareness. Psychological Review, 112(1), 217-242.
https://doi.org/10.1037/0033-295X.112.1.217

Most, S. B., Simons, D. J., Scholl, B. J., & Chabris, C. F. (2000). Sustained Inattentional Blindness: The Role of
Location in  the Detection of  Unexpected Dynamic  Events.  Psyche, 6(14).
http://psyche.cs.monash.edu.au/v6/psyche-6-14-most.html

Most, S. B., Simons, D. J., Scholl, B. J., Jimenez, R., Clifford, E. R., & Chabris, C. F. (2001). How not to be Seen:
The Contribution of Similarity and Selective Ignoring to Sustained Inattentional Blindness. Psychological
Science, 12(1), 9—17. https://doi.org/10.1111/1467-9280.00303

Murad, M. H., Wang, Z., Chu, H., & Lin, L. (2019). When continuous outcomes are measured using different
scales: Guide for meta-analysis and interpretation. BMJ, 364. https://doi.org/10.1136/bmj.k4817

Murphy, G., & Greene, C. M. (2016). Perceptual Load Induces Inattentional Blindness in Drivers. Applied
Cognitive Psychology, 30(3), 479-483. https://doi.org/10.1002/acp.3216

Murphy, G., & Greene, C. M. (2017). Load theory behind the wheel; perceptual and cognitive load effects.
Canadian Journal of Experimental Psychology, 71(3), 191-202. https://doi.org/10.1037/cep0000107

Murphy, G., Groeger, J. A., & Greene, C. M. (2016). Twenty years of load theory-Where are we now, and where
should we go next? Psychonomic Bulletin & Review. https://doi.org/10.3758/s13423-015-0982-5

52

Quarterly Journal of Experimental Psychology

Page 52 of 73



Page 53 of 73

oNOYTULT D WN =

Navon, D. (1989). Attentional selection: Early, late, or neither? European Journal of Cognitive Psychology, 1(1),
47-68. https://doi.org/10.1080/09541448908403071

Neisser, U., & Becklen, R. (1975). Selective looking: Attending to visually specified events. Cognitive Psychology,
7(4), 480—494. https://doi.org/10.1016/0010-0285(75)90019-5

Neokleous, K., Shimi, A., & Avraamides, M. N. (2016). Modeling the Effects of Perceptual Load: Saliency,
Competitive  Interactions, and Top-Down Biases. Frontiers in  Psychology, 7, 1.
https://doi.org/10.3389/fpsyg.2016.00001

Newby, E. A., & Rock, 1. (1998). Inattentional Blindness as a Function of Proximity to the Focus of Attention.
Perception, 27(9), 1025-1040. https://doi.org/10.1068/p271025

Norman, D. A., & Bobrow, D. G. (1975). On data-limited and resource-limited processes. Cognitive Psychology,
7(1), 44-64. https://doi.org/10.1016/0010-0285(75)90004-3

Pashler, H. E. (1998). The psychology of attention. MIT Press.

Petersen, S. E., & Posner, M. 1. (2012). The Attention System of the Human Brain: 20 Years After. Annual Review
of Neuroscience, 35, 73. https://doi.org/10.1146/ANNUREV-NEURO-062111-150525

Pizzighello, S., & Bressan, P. (2008). Auditory attention causes visual inattentional blindness. Perception, 37(6),
859-866. https://doi.org/10.1068/p5723

Posner, M. 1. (1980). Orienting of attention. The Quarterly Journal of Experimental Psychology, 32(1), 3-25.
http://www.ncbi.nlm.nih.gov/pubmed/7367577

Ranganathan, P., Aggarwal, R., & Pramesh, C. (2015). Common pitfalls in statistical analysis: Odds versus risk.
Perspectives in Clinical Research, 6(4), 222. https://doi.org/10.4103/2229-3485.167092

Rees, G., Frith, C. D., & Lavie, N. (1997). Modulating irrelevant motion perception by varying attentional load in
an unrelated task. Science, 278(5343), 1616-1619. https://doi.org/10.1126/science.278.5343.1616

Rees, G., Russell, C., Frith, C. D., & Driver, J. (1999). Inattentional Blindness Versus Inattentional Amnesia for
Fixated But Ignored Words. Science, 286(5449), 2504-2507. https://doi.org/10.1126/science.286.5449.2504

Remington, A., Cartwright-Finch, U., & Lavie, N. (2014). I can see clearly now: The effects of age and perceptual
load on inattentional  blindness. Frontiers in  Human  Neuroscience, 8, 229..
https://doi.org/10.3389/fnhum.2014.00229

Richards, A., Hannon, E. M., & Derakshan, N. (2010). Predicting and manipulating the incidence of inattentional
blindness. Psychological Research, 74(6), 513-523. https://doi.org/10.1007/s00426-009-0273-8

Richards, A., Hannon, E. M., & Vitkovitch, M. (2012). Distracted by distractors: Eye movements in a dynamic
inattentional blindness task. Consciousness and Cognition, 21(1), 170-176.
https://doi.org/10.1016/j.concog.2011.09.013

Richards, A., Hellgren, M. G., & French, C. C. (2014). Inattentional blindness, absorption, working memory
capacity, and paranormal belief. Psychology of Consciousness: Theory, Research, and Practice, 1(1), 60—
69. https://doi.org/10.1037/css0000003

Roper, Z.J.J., Cosman, J. D., & Vecera, S. P. (2013). Perceptual load corresponds with factors known to influence
visual search. Journal of Experimental Psychology. Human Perception and Performance, 39(5), 1340—1351.
https://doi.org/10.1037/a0031616

Rorden, C., Guerrini, C., Swainson, R., Lazzeri, M., & Baylis, G. C. (2008). Event related potentials reveal that
increasing perceptual load leads to increased responses for target stimuli and decreased responses for
irrelevant stimuli. Frontiers in Human Neuroscience, 2, 4. https://doi.org/10.3389/neuro.09.004.2008

Scalf, P. E., Torralbo, A., Tapia, E., & Beck, D. M. (2013). Competition explains limited attention and perceptual
resources: Implications for perceptual load and dilution theories. Frontiers in Psychology, 4, 243.
https://doi.org/10.3389/fpsyg.2013.00243

Seegmiller, J. K., Watson, J. M., & Strayer, D. L. (2011). Individual Differences in Susceptibility to Inattentional
Blindness. Journal of Experimental Psychology: Learning Memory and Cognition, 37(3), 785-791.
https://doi.org/10.1037/a0022474

53

Quarterly Journal of Experimental Psychology



oNOYTULT D WN =

Shiffrin, R. M., & Schneider, W. (1977). Controlled and automatic human information processing: II. Perceptual
learning, automatic attending and a general theory. Psychological Review, 84(2), 127-190.
https://doi.org/10.1037/0033-295X.84.2.127

Shulman, G. L., d’Avossa, G., Tansy, A. P., & Corbetta, M. (2002). Two Attentional Processes in the Parietal
Lobe. Cerebral Cortex, 12(11), 1124—1131. https://doi.org/10.1093/CERCOR/12.11.1124

Silvert, L., Lepsien, J., Fragopanagos, N., Goolsby, B., Kiss, M., Taylor, J. G., Raymond, J. E., Shapiro, K. L.,
Eimer, M., & Nobre, A. C. (2007). Influence of attentional demands on the processing of emotional facial
expressions in the amygdala. Neurolmage, 38(2), 357-366.
https://doi.org/10.1016/j.neuroimage.2007.07.023

Simons, D. J. (2000). Attentional capture and inattentional blindness. In Trends in Cognitive Sciences (Vol. 4,
Issue 4, pp. 147-155). Elsevier Current Trends. https://doi.org/10.1016/S1364-6613(00)01455-8

Simons, D. J., & Chabris, C. F. (1999). Gorillas in Our Midst: Sustained Inattentional Blindness for Dynamic
Events. Perception, 28(9), 1059—1074. https://doi.org/10.1068/p281059

Simons, D. J., & Jensen, M. S. (2009). The effects of individual differences and task difficulty on inattentional
blindness. Psychonomic Bulletin and Review, 16(2), 398—403. https://doi.org/10.3758/PBR.16.2.398

Simons, D. J., & Schlosser, M. D. (2017). Inattentional blindness for a gun during a simulated police vehicle stop.
Cognitive Research: Principles and Implications, 2(1), 37. https://doi.org/10.1186/s41235-017-0074-3

Sinclair, J. C., & Bracken, M. B. (1994). Clinically useful measures of effect in binary analyses of randomized
trials. Journal of Clinical Epidemiology, 47(8), 881—-889. https://doi.org/10.1016/0895-4356(94)90191-0

Sterne, J. A. C., Gavaghan, D., & Egger, M. (2000). Publication and related bias in meta-analysis: Power of
statistical tests and prevalence in the literature. Journal of Clinical Epidemiology, 53(11), 1119-1129.
https://doi.org/10.1016/S0895-4356(00)00242-0

Sterne, J. A. C., Sutton, A. J., loannidis, J. P. A., Terrin, N., Jones, D. R., Lau, J., Carpenter, J., Riicker, G.,
Harbord, R. M., Schmid, C. H., Tetzlaff, J., Deeks, J. J., Peters, J., Macaskill, P., Schwarzer, G., Duval, S.,
Altman, D. G., Moher, D., & Higgins, J. P. (2011). Recommendations for examining and interpreting funnel
plot asymmetry in meta-analyses of randomised controlled trials. BMJ, 343(7818).
https://doi.org/10.1136/bmj.d4002

Suurmond, R., van Rhee, H., & Hak, T. (2017). Introduction, comparison, and validation of Meta-Essentials: A
free and simple tool for meta-analysis. In Research Synthesis Methods, 8(4), 537-553. John Wiley and Sons
Ltd. https://doi.org/10.1002/jrsm.1260

Swettenham, J., Remington, A., Murphy, P., Feuerstein, M., Grim, K., & Lavie, N. (2014). Seeing the unseen:
Autism involves reduced susceptibility to inattentional blindness. Neuropsychology, 28(4), 563-570.
https://doi.org/10.1037/neu0000042

Takeshima, N., Sozu, T., Tajika, A., Ogawa, Y., Hayasaka, Y., & Furukawa, T. A. (2014). Which is more
generalizable, powerful and interpretable in meta-analyses, mean difference or standardized mean
difference? BMC Medical Research Methodology, 14(1), 1-7. https://doi.org/10.1186/1471-2288-14-30

Theeuwes, J., Kramer, A. F., & Belopolsky, A. V. (2004). Attentional set interacts with perceptual load in visual
search. Psychonomic Bulletin & Review, 11(4), 697—702. https://doi.org/10.1111/j.1469-8986.2008.00660.x

Todd, J. J., Fougnie, D., & Marois, R. (2005). Visual Short-Term Memory Load Suppresses Temporo-Parietal
Junction Activity and Induces Inattentional Blindness. Psychological Science, 16(12), 965-972.
https://doi.org/10.1111/j.1467-9280.2005.01645.x

Tombu, M., & Seiffert, A. E. (2008). Attentional costs in multiple-object tracking. Cognition, 108(1), 1-25.
https://doi.org/10.1016/j.cognition.2007.12.014

Torralbo, A., & Beck, D. M. (2008). Perceptual-Load-Induced Selection as a Result of Local Competitive
Interactions in Visual Cortex. Psychological Science, 19(10), 1045-1050. https://doi.org/10.1111/j.1467-
9280.2008.02197.x

Torralbo, A., Kelley, T. A., Rees, G., & Lavie, N. (2016). Attention induced neural response trade-off in retinotopic
cortex under load. Scientific Reports, 6. https://doi.org/10.1038/srep33041

54

Quarterly Journal of Experimental Psychology

Page 54 of 73



Page 55 of 73

oNOYTULT D WN =

Treisman, A. M., & Gelade, G. (1980). A feature-integration theory of attention. Cognitive Psychology, 12(1), 97—
136. https://doi.org/10.1016/0010-0285(80)90005-5

Treisman, A. M., & Sato, S. (1990). Conjunction search revisited. Journal of Experimental Psychology. Human
Perception and Performance, 16(3), 459—478. http://www.ncbi.nlm.nih.gov/pubmed/2144564

Tsal, Y., & Benoni, H. (2010). Diluting the burden of load: Perceptual load effects are simply dilution effects.
Journal of Experimental Psychology: Human Perception and Performance, 36(6), 1645-1656.
https://doi.org/10.1037/a0018172

Unsworth, N., & Engle, R. W. (2005). Working memory capacity and fluid abilities: Examining the correlation
between Operation Span and Raven. Intelligence, 33(1), 67-81. https://doi.org/10.1016/j.intell.2004.08.003

Unsworth, N., Heitz, R. P., Schrock, J. C., & Engle, R. W. (2005). An automated version of the operation span
task. Behavior Research Methods, 37(3), 498-505. https://doi.org/10.3758/BF03192720

Vignali, G., Bertolini, M., Bottani, E., Di Donato, L., Ferraro, A., & Longo, F. (2018). Design and Testing of an
Augmented Reality Solution to Enhance Operator Safety in the Food Industry. International Journal of Food
Engineering, 14(2). https://doi.org/10.1515/ijfe-2017-0122

White, R. C., & Davies, A. A. (2008). Attention set for number: Expectation and perceptual load in inattentional
blindness. Journal of Experimental Psychology: Human Perception and Performance, 34(5), 1092—-1107.
https://doi.org/10.1037/0096-1523.34.5.1092

White, R. C., Davies, M., & Aimola Davies, A. M. (2018). Inattentional blindness on the full-attention trial: Are
we throwing out the baby with the bathwater? Consciousness and Cognition, 59, 64-77.
https://doi.org/10.1016/j.concog.2017.10.002

Wickens, C. D. (2008). Multiple resources and mental workload. In Human Factors, 50(3), 449-455.
https://doi.org/10.1518/001872008X288394

Wolfe, J. M. (1999). Inattentional amnesia. In V. Coltheart (Ed.), Fleeting Memories (pp. 71-94). MIT Press.

Wright, T. J., Roque, N. A., Boot, W. R., & Stothart, C. R. (2018). Attention capture, processing speed, and
inattentional blindness. Acta Psychologica, 190, 72—77. https://doi.org/10.1016/j.actpsy.2018.07.005

Zelinsky, G. J., & Bisley, J. W. (2015). The what, where, and why of priority maps and their interactions with
visual working memory. Annals of the New York Academy of Sciences, 1339(1), 154-164.
https://doi.org/10.1111/nyas.12606

55

Quarterly Journal of Experimental Psychology



oNOYTULT D WN =

8. FIGURE CAPTIONS

Figure 1: The PRISMA flow diagram (adapted from Moher et al., 2009) representing the number of studies
included and excluded at each step of the qualitative and quantitative analysis. For the final step, we informed
about the number of studies included in each of the three meta-analysis: the perceptual load (PL) or cognitive
load (CL) effect on IB, with the latter investigated through direct manipulation or measured through working
memory (WM) tests (e.g., OSPAN). However, note that the number of studies included in the meta-analysis was
different (i.e., lower) than the number of entries (experiments and/or conditions) on which the meta-analysis
relied on.

Figure 2: Forest plot of the effect sizes (Risk Ratio, RR) for studies included in the meta-analysis regarding
perceptual load effect on inattentional blindness (IB). A positive RR indicates larger IB rates under high rather
than low perceptual load. Studies are ordered according to their effect size. Error bars represent 95% confidence
interval (Cl) of the effect size. IV = inverse variance.

Figure 3: The funnel plot showing effect size (log Risk Ratio, logRR) against its standard error for each individual
entries (blue dots) included in the meta-analysis of the perceptual load effect on inattentional blindness. The
trim-and-fill method (Duval & Tweedie, 2000) revealed ten missing studies (orange open circles) indicative of a
publication bias. The logRR of the meta-analytic effect size (green dot) and the adjusted effect size (black dot)
are also represented with their 95% confidence interval. Red diagonal lines indicate the triangular region within
which 95% of studies are expected to lie in the absence of publication biases and heterogeneity.

Figure 4: Forest plot of the effect sizes (Risk Ratio, RR) for studies included in the meta-analysis regarding
cognitive load manipulation and its effect on inattentional blindness (IB). A positive RR indicates larger IB rates
under high rather than low perceptual load. Studies are ordered according their effect size. Error bars represent
95% confidence interval (Cl) of the effect size. IV = inverse variance.

Figure 5: The funnel plot showing effect size (log Risk Ration, logRR) against its standard error for each individual
entries (blue dots) included in the meta-analysis of the cognitive load effect, when manipulated, on inattentional
blindness. The logRR of the meta-analytic effect size (green dot) is also represented with its 95% confidence
interval. Red diagonal lines indicate the triangular region within which 95% of studies are expected to lie in the
absence of publication biases and heterogeneity.

Figure 6: Forest plot of the effect sizes (Standard Mean Difference, SDM) for studies included in the meta-analysis
regarding working memory (WM) capacities measured through OSPAN and AOSPAN tests, and their effect on
inattentional blindness (IB). A positive SDM indicates that individuals who perceived the unexpected stimulus
(ind-NIB) have larger WM capacities than those who suffered from IB (ind-IB). Studies are ordered according their
effect size. Error bars represent 95% confidence interval (Cl) of the effect size. SD = standard deviation; IV =
inverse variance.

Figure 7: The funnel plot showing effect size (Standard Mean Difference) against its standard error for each
individual entries (blue dots) included in the meta-analysis of the cognitive load effect, when measured through
working memory tests (OSPAN and AOSPAN), on inattentional blindness. The meta-analytic effect size (green
dot) is also represented with its 95% confidence interval. Red diagonal lines indicate the triangular region within
which 95% of studies are expected to lie in the absence of publication biases and heterogeneity.
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Figure 1: The PRISMA flow diagram (adapted from Moher et al., 2009) representing the number of studies
included and excluded at each step of the qualitative and quantitative analysis. For the final step, we informed
about the number of studies included in each of the three meta-analysis: the perceptual load (PL) or cognitive
load (CL) effect on IB, with the latter investigated through direct manipulation or measured through working
memory (WM) tests (e.g., OSPAN). However, note that the number of studies included in the meta-analysis was
different (i.e., lower) than the number of entries (experiments and/or conditions) on which the meta-analysis

relied on.
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Figure 2: Forest plot of the effect sizes (Risk Ratio, RR) for studies included in the meta-analysis regarding perceptual load effect on inattentional blindness (IB).
A positive RR indicates larger IB rates under high rather than low perceptual load. Studies are ordered according to their effect size. Error bars represent 95%
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Figure 3: The funnel plot showing effect size (log Risk Ratio, logRR) against its standard error for each individual
entries (blue dots) included in the meta-analysis of the perceptual load effect on inattentional blindness. The
trim-and-fill method (Duval & Tweedie, 2000) revealed ten missing studies (orange open circles) indicative of a
publication bias. The logRR of the meta-analytic effect size (green dot) and the adjusted effect size (black dot)
are also represented with their 95% confidence interval. Red diagonal lines indicate the triangular region within
which 95% of studies are expected to lie in the absence of publication biases and heterogeneity.
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Figure 4: Forest plot of the effect sizes (Risk Ratio, RR) for studies included in the meta-analysis regarding cognitive load manipulation and its effect on inattentional blindness
(1B). A positive RR indicates larger IB rates under high rather than low perceptual load. Studies are ordered according their effect size. Error bars represent 95% confidence
interval (Cl) of the effect size. IV = inverse variance.
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Kreitz, F., M., et al. (2016}, Mismatch, AOSPAN 43 16.21 27 39 14.59 32 9.7% 0.26 [-0.26, 0.77] — 1 &
Richards et al. (2012), AOSPAN 43.46 17.77 69 38.36 17.77 62 121% 0.29 [-0.06, 0.63] T = ..
Hannon & Richards (2010), OSPAN 19.18 8.31 39 14.68 7.67 38 10.5% 0.56 [0.10, 1.01] - ®
Calvillo & Jackson (2014), High PL, AOSPAN 50.8 09.65 20 51.47 15.72 60 9.7% 0.57 [0.06, 1.08] _ &
Richards et al. (2010), Exp.1, OSPAN 19.56 7.69 32 15.11 6.62 36 10.1% 0.62 [0.13, 1.10] — %
Richards et al. (2014), Exp.2, AOSPAN 52.03 11.67 34 395 10.39 32 9.6% 1.12 [0.60, 1.64] N
Total (95% Cl) 406 503 100.0% 0.30 [0.03, 0.57] -
Heterogeneity: Tauz = 0.12; Chi? = 29.79, df = 9 (P = 0.0005); I = 70% 2 1 5 1 2

Test for overall effect: Z = 2.18 (P = 0.03) ind-1B have more WM cap. ind-NIB have more WM cap.

Figure 6: Forest plot of the effect sizes (Standard Mean Difference, SDM) for studies included in the meta-analysis regarding working memory (WM) capacities measured
through OSPAN and AOSPAN tests, and their effect on inattentional blindness (IB). A positive SDM indicates that individuals who perceived the unexpected stimulus (ind-
NIB) have larger WM capacities than those who suffered from IB (ind-IB). Studies are ordered according their effect size. Error bars represent 95% confidence interval (Cl) of
the effect size. SD = standard deviation; IV = inverse variance.
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Figure 7: The funnel plot showing effect size (Standard Mean Difference) against its standard error for each
individual entries (blue dots) included in the meta-analysis of the cognitive load effect, when measured through
working memory tests (OSPAN and AOSPAN), on inattentional blindness. The meta-analytic effect size (green
dot) is also represented with its 95% confidence interval. Red diagonal lines indicate the triangular region within
which 95% of studies are expected to lie in the absence of publication biases and heterogeneity.
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Table 1: Studies considered for perceptual load investigation only.
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The global experimental context, the perceptual load and inattentional blindness paradigms used, the statistical comparison between load levels and fit regarding the Load
Theory framework are presented. P-values that reached significance (a < .05) are highlighted in bold. When possible, we computed the statistical information (e.g., degrees
of freedom, chi-square test, etc.) not found in original papers. Note that the labels for load level (low, moderate or high) are those used by the authors in original studies.
For each entry (experiment or condition), its inclusion or exclusion (with reasons) from the meta-analysis is stated.

IB = inattentional blindness; LL = low-load; ML = moderate-load; HL = high-load; ns = non-significant; US = unexpected stimulus.
1 additional studies identified during the full-text eligibility phase.

Reference Experimental Perceptual load IB paradigm  Results Comparison with Inclusion / exclusion in
context Load Theory the meta-analysis
prediction
(Beanland & Computer-based Tracking with Dynamic Exp.2 (only for first US) Consistent
Pammer, 2010) increased targets IB: HL (81%) > LL (54%), x*(1, N=122) = 7.18, p = .007 Included
speed
(Cartwright-Finch ~ Computer-based Cross task requiring  Static Exp.1 Consistent
& Lavie, 2007) more complex IB: HL (90%) > LL (45%), x*(1, N=40) = 9.23, p < .002 Included
perceptual
judgment (Exp.1 Exp.2
and 3) IB: HL (50%) > LL (11.1%), x¥*(1, N=36) = 6.42, p< .01 Included
Visual search with Exp.3
more non-target IB: HL (62.5%) > LL (18.8%), x*(1, N=32) = 6.35, p< .01 Included
stimuli (Exp.2 and 4)
Exp.4
IB: HL (55.6%) > LL (16.7%), x*(1, N=36) = 5.90, p < .02 Included
(Dixon et al., Real-world Visual search with Static IB: HL (93.3%) > LL (29.4%), p < .001 (Fisher's exact test) Consistent Included
2013)* (surgical more relevant
endoscopy) stimuli (Standard
view vs. Standard +
Augmented reality
views)
(Ericson et al., Driving simulator  Visual clutter Dynamic Clutter complexity results (not the tracking vehicle task) No Effect Not included
2017)t complexity IB: 0% in HL and LL (insufficient data)
(Horwood & Computer-based Tracking with more Dynamic Attentional set match Partially Consistent
Beanland, 2016) non-target stimuli IB overall: HL (15%) > LL (8%), x*(1, N=77) = 1.05, p = .48
Young
IB: HL (0%) < LL (5%), p = .49 (Fisher's exact test) Included

Older
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1
2
3 IB: HL (32%) > LL (11%), p =.23 (Fisher's exact test) Included
4
5 Attentional set mismatch
6 IB overall: HL (60%) > LL (7%), x*(1, N=81) = 25.3, p < .001
7
8 Young
9 IB: HL (25%) > LL (0%), p = .021 (Fisher's exact test) Included
1(1) Older
IB: HL (95%) > LL (15%), p <.001 (Fisher's exact test) Included

12 (Koivisto & Computer-based Tracking with more Dynamic Exp.4 Consistent None included
13 Revonsuo, 2008)* non-target stimuli IB: HL (52%) > LL (21.7%), x*(1) = 4.68, p < .05 (insufficient data)
14 IB: HL < ML (53.8%), (1) =.02, p< .9, ns
15 IB: ML > LL, ¥*(1) = 5.30, p < .05
16 (Koivisto & Computer-based Visual search with Static Incongruent stimulus Consistent (because  None included
17 Revonsuo, 2009) more non-target IB: HL (93%) > LL (79%), x*(1, N=57) = 5.22, p =.025 the interaction was (insufficient data)
18 stimuli initially non-
19 Congruent stimulus significant)
20 IB: HL (18%) > LL (9%), x*(1, N=68) = 1.37, ns
21
22 But initially the load*congruency interaction was non-
23 significant [Z(1,125) = 0.81, p = .442]

(Lathrop et al., Computer-based Cross task requiring  Static IB: HL (54%) = LL (54%), x*(1, N=110) = .027, p > .05 No Effect Included
24 2011) more complex
25 perceptual
26 judgment
27 (Lin & Yeh, 2014) Computer-based Visual search with Static Free-recall results (not recognition) Partially Consistent
28 more non-target Own-name periph.
29 stimuli IB: HL (78%) > LL (26%), ¥*(1, N=46) = 25.55, p < .001 Included
30
31 Own-name center
32 IB: HL (23%) < LL (24%), x*(1, N=43), p > .16 Included
gi Other periph.
35 IB: HL (80%) > LL (60%), x*(1, N=40), p > .16 Included
36 Other center
37 IB: HL (77%) > LL (75%), x(1, N=42), p > .16 Included
38
39
40
41
42
22 Quarterly Journal of Experimental Psychology
45
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(Marcus et al.,
2015)

Real-world
(surgical
endoscopy)

Visual search with
more relevant
stimuli (Standard
view vs. Standard +
Image guidance
views)

Static

IB: HL (65%) > LL (10%), p = .025 (Fisher's exact test)

Consistent

Included

(Murphy &
Greene, 2016)t

Driving simulator

Vehicle gap size
estimation requiring
more complex
perceptual
judgment

Dynamic

IB: HL (82.9%) > LL (46.3%), x2(1, N=41) = 17.78, p < .001

Consistent

Not included (within-
subject comparison)

(Murphy &
Greene, 2017)

Driving simulator

Visual search
requiring more
complex perceptual
judgment (feature
vs. conjunction
search)

Dynamic

IB: HL (70%) > LL (7.5%), t(19) = 4.45, p < .001

Consistent

Not included (within-
subject comparison)

(Remington et al.,
2014)

Computer-based

Cross task requiring
more complex
perceptual
judgment

Static

Exp.1
IB overall: ML (69.6%) > LL (45.8%), x*(1, N=188) = 10.82,
p <.001

IB 7-8 years old: ML (95%) > LL (70%), x*(1, N=40) = 4.33,
p=.037

IB 9-10 yo: ML (80%) > LL 75(%), ¥*(1, N=44) = .02, p = .69
1B 11-12 yo: ML (70%) > LL (30%), x*(1, N=40) = 6.4, p = .01

IB 13-14 yo: ML (68.75%) > LL (31.25%), x*(1, N=32) = 4.5,
p=.034

IB adults: ML (25%) > LL (6.25%), x*(1, N=32)=2.1,p = .14
Exp.2

IB overall: ML %(62.5) > LL (28.12%), x*(1, N=192) = 22.89,
p<.001

IB 7-8 yo: ML (90%) > LL (60%), x3(1, N=40) = 4.8, p = .03

Consistent

Included

Included

Included

Included

Included

Included

Included
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1
2
3 IB 9-10 yo: ML (100%) > LL (45.83%), x3(1, N=44) = 15.38,
4 p <.001
5 Included
6 IB 11-12 yo: ML (65%) > LL (10%), x3(1, N=40) = 12.91,
7 p <.001
8 Included
9 IB 13-14 yo: ML (40%) > LL (6.25%), x3(1, N=36) = 5.4, p = .02
10 Included
1 IB adults: ML (6.25%) = LL (6.25%), ¥*(1, N=32), ns
12 Exp3. Included
13 IB adults: HL (87.5%) > LL (6.25%), x*(1, n=32) = 21.20,
14 p<.01
15 (Simons & Jensen, Computer-based Tracking with Dynamic Exp.1 Consistent
16 2009) increased targets IB: HL (68.2%) > LL (28.6%), x*(1, N=43) = 6.747, p = .0094 Included
17 speed
18 (Swettenham et Computer-based Cross task requiring  Static Control group Partially Consistent
19 al., 2014) more complex IB: HL (100%) > LL (57.9%), x*(1, N=39) = 13.72, p < .001 Included
20 perceptual
21 judgment Children with Autism Spectrum Disorders
2 IB: HL (46.2%) > LL (45.5%), x3(1, N=24) = .001, p = .97 Included
23 (White & Davies, Computer-based Visual search with Static Exp.3 (HL, LL) and Exp.1 (ML) Partially Consistent
2008) more relevant
24 stimuli (Exp.3a/b for For valid-expectation: y%(2, N=60) = 7.13, p = .03
25 low- and high-load; IB: HL (75%) > LL (35%), x*(1, N=40) = 6.47, p = .01 Included
26 Exp.1 for moderate-
27 load) IB: HL (75%) > ML, x3(1, N=40) = .48, p =.49, ns Not included (same
28 sample for HL group
29 and the comparison
30 between HL and LL is
31 more relevant)
32
33 For invalid-expectation: p= .47 (Fisher's exact test)
34 IB: HL (25%) > LL (10%), x*(1, N=40) = 1.56, p =.21, ns Included
35
36
37
38
39
40
41
42
22 Quarterly Journal of Experimental Psychology
45
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Table 2: Studies considered for cognitive load investigation only.
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The global experimental context, the perceptual load and inattentional blindness paradigms used, the statistical comparison between load levels and fit regarding the Load
Theory framework are presented. P-values that reached significance (a < .05) are highlighted in bold. When possible, we computed the statistical information (e.g., degrees
of freedom, chi-square test, etc.) not found in original papers. Note that the labels for load level (low, moderate or high) are those used by the authors in original studies.

For each entry (experiment or condition), its inclusion or exclusion (with reasons) from the meta-analysis is stated.

M = mean; SD = standard deviation; ACC = accuracy; IB = inattentional blindness; ind-IB = individual suffering from IB; ind-NIB = individual not suffering from IB; LL = low-

load; ML = moderate-load; HL = high-load; ns = non-significant; US = unexpected stimulus; WM = working memory.
1 additional studies identified during the full-text eligibility phase.
° Studies where the US appeared alone (i.e., no competition with others stimuli).

Reference Experimental Cognitive load IB paradigm  Cognitive demands effect Comparison with Load Inclusion / exclusion in
context Theory prediction the meta-analysis

(Beanland & Computer-based AOPSAN and Dynamic Exp.1 No Effect None included

Chan, 2016) n-back tasks AOSPAN score: ind-IB (41.1) > ind-NIB (37.9), W=1.01, p > .05 (insufficient data)

N-back corrected score: ind-IB (.66) > ind-NIB (.65), W = .08, p > .05

Exp.2
AOSPAN score: W=1.67,p > .05
(Bredemeier Computer-based AOPSAN and Dynamic Exp.1 No Effect
& Simons, n-back tasks n-back task (verbal) ACC: ind-IB (86.4) > ind-NIB (84.8), W = .65, p = .42 None included
2012) n-back task (spatial) ACC: ind-IB (84.7) > ind-NIB (82.9), W = .67, (insufficient data)
p=41
Exp.2
AOSPAN score: ind-IB (43.3) > ind-NIB (39.5), W=1.91,p = .17 Included
n-back task (verbal) ACC: ind-IB (88.1) > ind-NIB (87.9), W=.01, p = .94 None included
n-back task (spatial) ACC: ind-IB (85.8) < ind-NIB (87), W = .75, p = .39 (insufficient data and
same sample than
AOSPAN)
(de Fockert &  Computer-based WM task Static Exp.1 Consistent
Bremner, IB: HL (31%) < LL (79%), x*(1, N=27) = 7.46, p < .01 Included
2011)
Exp.2
Unexpected condition
IB: HL (44%) < LL (86%), ¥*(1, N=30) = 5.66, p < .025 Included
(Fougnie & Computer-based WM task Static® Exp.1 Consistent
Marois, 2007) IB: HL (68%) > LL (35%), p < .05 (Fisher's exact test) Included
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Exp.2
IB: HL (34%) < LL (39%), p = 1 (Fisher's exact test) Included
Exp.3
IB: HL (61%) > LL (28%), p < .05 (Fisher's exact test) Included
(Hannon & Computer-based OSPAN and Dynamic Correlation IB-OSPAN: r = .274, p = .016 Inconsistent
Richards, visual WM task OSPAN score: ind-IB (M = 14.68) < ind-NIB (M = 19.18), t(75) = 2.47, Included
2010) (VWM) p=.016
Correlation IB-vWM: r =.124, ns
vWM ACC (all set sizes): ind-IB (M = 25.45; SD = 3.5 ) < ind-NIB Not included (same
(M =25.93; SD =3.52), F<0.74, ns sample than OSPAN)
(Harvey etal.,, Computer-based WM task Dynamic IB (for 3 US): HL (2.55) > LL (2.42), F(1, 96) = 1.335, p =.251 No Effect Not included
2018) (insufficient data)
(Kreitz et al., Computer-based AOPSAN and Static or Exp.1 (Static IB paradigm) Partially inconsistent None included
2015) n-back tasks dynamic Near-condition (insufficient data)

IB-AOSPAN: r = .26, p < .05 (with positive r means greater scores for
ind-NIB than ind-IB)

IB — n-back task (verbal): r = .23, p > .05

IB — n-back task (spatial): r = .04, p > .05

Far-condition

IB-AOSPAN: r =-.16, p > .05

IB — n-back task (verbal): r=-.13, p > .05

IB — n-back task (spatial): r =.06, p > .05

Exp.2

Static IB paradigm

Near-condition

IB-AOSPAN: r =.30, p <.05

IB — n-back task (verbal): r=.01, p > .05
IB — n-back task (spatial): r = .26, p < .05
Far-condition

IB-AOSPAN: r=.14, p > .05

IB — n-back task (verbal): r=.11, p > .05
IB — n-back task (spatial): r=.08, p > .05

Dynamic IB paradigm
Near-condition
IB-AOSPAN: r = .05, p > .05

None included
(insufficient data)

None included
(insufficient data)
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IB — n-back task (verbal): r=-.04, p > .05
IB — n-back task (spatial): r=-.08, p > .05
Far-condition

IB-AOSPAN: r=-.18, p > .05

IB — n-back task (verbal): r=-.09, p > .05
IB — n-back task (spatial): r=-.07, p > .05

(Kreitz, Furley, Computer-based AOPSAN and Dynamic Authors reported 95% Confidence Intervals instead of p-values. No Effect
Memmert, et n-back tasks
al., 2016) Mismatch condition
IB-AOSPAN: r = .12, [95%Cl: -.14, .37] Included (data retrieved
from repository)
IB — n-back (verbal): r =.02, [-.24, .28] None included (same
IB — n-back task (spatial): r = -.23, [-.46, .03] sample than AOSPAN)
Match condition Included (data retrieved
IB-AOSPAN: r = -.21, [-.45, .06] from repository)
None included (same
IB — n-back (verbal): r =-.12, [-.37, .15] sample than AOSPAN)
IB — n-back task (spatial): r =-.09, [-.35, .18]
Overall
for all scores: ind-IB > ind-NIB, ps > .05
(Kreitz, Furley, Computer-based AOPSAN and Static® Exp.2 No Effect
Simons, et al., n-back tasks IB-AOSPAN: r=.11, p > .05 Included (data retrieved
2016) from repository)
IB — n-back (verbal): r=.14, p > .05 None included (same
IB — n-back task (spatial): r=.03, p > .05 sample than AOSPAN)
(Légal et al., Computer-based WM task Dynamic IB: HL (81%) > LL (36.1%), Wald x?(1) = 27.73, p < .001 Inconsistent Not included
2017) (insufficient data)
(Matsuyoshi Computer-based WM task Static® Exp.2 Consistent
etal., 2010) IB: HL (4 targets, 47.5%) > LL (2 targets, 25%), x*(1, N=80) = 4.38, Included
p <.05
(Pizzighello &  Computer-based WM task Dynamic Exp.1 Inconsistent
Bressan, IB: HL (66%) > visual task LL (33%), x*(1, N=60) = 5.55, p = .018 Included
2008)t

IB: HL > auditory task LL (60%), x*(1, N=60) < 1, ns
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Not included (same
sample and no
incentives to watch the
screen where the US

was displayed)
Exp.2 Not included (same
IB: HL (Exp1l., 66%) > auditory + (simple) visual task LL (27%), sample for HL group)
¥3(1, N=60) = 11.28, p = .001
(Richards et Computer-based (A)OSPAN Dynamic Exp.1 Inconsistent
al., 2010) OSPAN score: ind-IB (M = 15.11) < ind-NIB (M = 19.56), t(66) = 2.57, Included
p=.013
Exp.2
AOSPAN score: ind-IB (M = 44.68) < ind-NIB (M =55.41), F(1, 76) = Not included
6.06, p =.016, n,2 = .074 (insufficient data)
(Richards et Computer-based AOPSAN Dynamic Exp.2 Inconsistent
al., 2014) AOSPAN score: ind-IB (39.5) < ind-NIB (52.03), t(64) = 4.6, p < .001 Included
(Seegmilleret  Computer-based AOSPAN Dynamic Primary task ACC > 80% Partially inconsistent None included
al., 2011) IB: WM low-span (64%) > WM high-span (33%), x*(1) = 3.85, p< .05 (insufficient data)
Primary task ACC < 80%
IB: High-span (36%) > low-span (29%), x*(1) = .31, p = .58
(Todd et al., Computer-based WM task Static® Exp.5 Consistent
2005) IB: HL (50%) > LL (18%), p < .01 (Fisher's exact test) Included
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Table 3: Studies considered for both perceptual and cognitive load investigations.
The global experimental context, the perceptual/cognitive load and inattentional blindness paradigms used, the statistical comparison between load levels and fit regarding
the Load Theory framework are presented. P-values that reached significance (a < .05) are highlighted in bold. When possible, we computed the statistical information (e.g.,
degrees of freedom, chi-square test, etc.) not found in original papers. Note that the labels for load level (low, moderate or high) are those used by the authors in original

studies. For each entry (experiment or condition), its inclusion or exclusion (with reasons) from the meta-analysis is stated.
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IB = inattentional blindness; LL = low-load; HL = high-load; PL/CL = perceptual/cognitive load; ns = non-significant; US = unexpected stimulus; WM = working memory.

Reference Experimental Perceptual Cognitive IB paradigm PL effect and comparison CL effect and comparison Interaction Inclusion /
context load load with Load Theory with Load Theory between PLand CL  exclusion in the
prediction prediction meta-analysis
(Beanland Computer- Tracking WM task Dynamic Exp.1 Exp.1 Not tested because  Included for PL
etal,2011) based with IB: HL (80%) > LL (52%), IB: HL (28%) < LL (52%), loads not and CL results
increased x*(1, N=50)=7.85,p=.005 x*1, N=50)=4.02,p=.045 manipulated
targets orthogonally (i.e.,
speed Consistent Consistent no perceptual HL -
cognitive HL)
(Calvillo & Computer- Visual AOSPAN Static IB overall: HL (72%) > LL AOSPAN score: ind-1B Perceptual LL Included for both
Jackson, based search with (49%), x¥*(1, N=200) = 11.07,  (52.34) < ind-NIB (56.09), AQOSPAN score: ind-  PL conditions
2014) more non- p=.001 t(168) =1.71, p = .089 IB (53.61) <ind-NIB  (animate and
target (54.57), t(88) = .34, inanimate) and
stimuli US animate No Effect p=.739 for both CL
IB: HL (64%) > LL (36%), conditions (i.e.,
x*(1, N=100) = 7.84, p < .01 Perceptual HL comparisons of
AOSPAN score: ind-  AOSPAN scores in
US inanimate 1B (51.47) <ind-NIB  low PL and high
IB: HL (80%) > LL (62%), (59.8), t(78) =2.23,  PL, see
x3(1, N=100) = 3.93, p=.029 "interaction”
p =.047 column)
Consistent
(Hughes- Real-world Visual WM task Static Unprompted attention Unprompted attention Not tested Included for both
Hallett et (surgical search with PL and CL
al., 2015) endoscopy) more US swab (periphery) US swab (periphery) conditions
relevant I1B: HL (84%) > LL (75%), IB: HL (95%) > LL (68%), (periphery and
stimuli Fisher's exact test, p =.528 Fisher's exact test, p =.002 center)
(Standard
view vs.
Standard + US suture (center) US suture (center)
Augmented IB: HL (39%) > LL (25%), IB: HL (36%) > LL (32%),

Fisher's exact test, p = .3

Fisher's exact test, p = .808
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reality
views) No Effect Partially inconsistent
(Richardset  Computer- More AOSPAN Dynamic IB: HL (54%) > LL (38%), AOSPAN score: ind-IB Not tested Not included for
al., 2012) based stimuli (1, N=131) = 3.41, (38.36) < ind-NIB (43.46), PL (insufficient
with p =.065 t(129) =1.64, p=.05 data) but included
increased for CL.
target No Effect Inconsistent
speed
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