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Iepiinyn

H c0AAnyn ¢ pocoync and Eva avtikeipevo cvopfaivel Otov ovtd Touptdlet Le Ta
wepleyoOpeVa TG Lvnung epyocioc. H tpéyovca pedétn epedhvnoe va avtictoryo amotélecuo
OTIG OVOTOPOCTAGELS TOV OTTIKAOV TTEPOYDV: Otav vidpyel avalnnon o€ Uio oepa
OVOTTOPOCTAGEDV OTTIKAOV AVTIKELEVOV, TOTE VO OVTIKEILEVO TTOV KPATIETAL GTN VI
epyaoiag odnyel avtdpaTo TNV TPOGOYN GE Lo avtioToryn avarapdotacn. H enidoeién tov
QOVOUEVOL BOCIGTNKE TNV AVAAOYN ETLXEPTLOTOAOYIO Y10l TV OVTOUATOTOINGCT TNG
SVLAMYNG TS TPOGOYNGS. 26 €k TOVTOV, Yo TNV EMKVPWOGCT] TNG ALTOLATNG AgtTovpYiag
ypnoporomOnkay Tpelg Tpovimodéaelg yia avtdpotn cOANYN: o) H otpatnywkn epumioxn
NG TPOCOYNG AMOTPETETOL OTOV O TPOCAVATOAMGLOG TNG TPOGOYNG GE 0L OTTTIKY|
avamopdotacn glvar apketd ypryopos, B) H mpocoyn o pia ontiky| avomopdotoct mov gival
OYETIKN UE £VOL AVTIKEILEVO GTNV Uviun epyaciag dev Oa mpémet va amotedel LEPOG TOL £pyoV
oTN JITOEN TOV OVOTOPAUCTACENDY TMV OTTIKAOV TEPLOY®V Y) H avTiAnTTiKn Kot yvooTiK
OTOATNON Y10 TN GUYKPIOT VOGS AVTIKEUEVOD KO HLOG OTTIKNG AVATOPACTAOTG TPETEL VAL
etvar yapunAn. Zto Ieipapa 1 ypnopomromOnkay ot Tpelg GLVONKEG VTOUOTIGLOV Kot
TapdyOnKav 0péAT GTOVG XPOVOLG ATOKPIOTG, TO OOl NTAV 100dVVaLE LE EKEIVOL TNG
EMAEKTIKTG AVAOPOLUKNG TTPOGOYNG OTIS OMTIKEC TOPACTAGELS. Ta amoteAéopata £6e1E0v OTL
N TPocoyn Kaboonyeital amd To TEPLEYOUEVA TNG LVIUNG EPYOGTOG KO OIEVKOADVEL TV
avdxinon vrd TG TpELg cLVOTNKES avTOHITNG Asttovpyiag. Xto [leipapa 2, Ta 0pEAN TOV
xpOVOL amoKpiong delydnkav va etvar otabepd pe v avénuévn eykvpdtnra tov
VOO POLUKOV OEIKTY), YEYOVOG TTOV £0€1EE OTL O TPOGOVOTOAIGUOG TNG TPOCOYNG OTNV
AVTIOTOU(N AVATOPACTOCT] TPOG TO AVTIKEILEVO GTN UVIUNG EPYOCiag NTav avTopnaTog. To
[elpapa 2 €0e1&e Tepartép® OTL 01 TPELS GLVONKES AVTOUATIGLOV NTAV EMAPKELS Yo TNV
OLTOHOTOTTOIN O™ TG KaBOONYOVEVIG TPOGOYNG OTIG ONTIKEG TTeployés. Xto [elpapa 3, 1
TPiT CLVONKN YL TV QVTORATOTOINOT aPAPEONKE e TNV WENOT TS OUOIOTNTOG LETOED
TOV OVTIKELEVOV KO OTOLTMOVTOG L0 VONTIKY TEPIGTPOPT TPV amd T cOykpior| tovg. H
axpifeto TG avaKAnong ftav Tive omd 1o EXiTedO TV TVYUI®V omoKpice®V, OALL Ta 0OPEAN
10V YpOvoL andkpiong eEareipOnkay. To Ieipapa 3 emPePainoe to [eipapa 2 6TL To 0PEAN
TOV XPOVOL amOKPLoNS TapxOncav ard v avTdpoTe KaBodNYOLLEVT TPOGOYT OTIS OTTIKES
avaropootdoels. H avtopata kaBodnyoduevn tpocoyn 6TiC OVOTAPUGTAGELS TV OTTIKMV
TEPLOY DV OAOKANPDVEL Eva TPOTLTTO AAANAETIOpaoNG HeTAED TNG LVAUNG EPYACTOG KOt TNG
npocoync. Otav 1 oTpaTNyIKN TPOGOYN KATELOVVETAL GTO OTTIKO TESTIO H1EVKOAVVETOL OO

NV TPocoyN mov Kabodnyeitar ovtopaTo omd T LN epyaciog 0Tav 0 oTdyog avalnTnong



KOl TO TTEPLEYOUEVO TNG LVNUNG Epyaciog eivarl cupupatd. Xtnv mapovoa HeAET, delyOnke o
avtiotoyn aAlnAeniopacn petalh TG LVINUNG EPYOCTOG KoL TNG TPOGOYNG OTIC OTTIKEG
avamopoactdoes. H apyikd avtopato KabodnyoOuevn Tpocoyn omd 10 TEPLEYOUEVO TNG
LVIAUNG £PYOGTIOGC GUVICTA TN CUAANYT TNG TPOGOYNG OTIG AVATUPUCTAGELS TWV OTTIKMV

TEPLOYDV KOl SIEVKOADVEL TN GTPATNYIKY| TPOGOYN Kot TNV avalNTnon o€ aVTéG.



Abstract

Attentional capture by an object occurs when the object matches the contents of working
memory. The current study investigated a corresponding effect in the visual areas
representations: When there is a search in an array of visual object-representations, then an
object which is held in working memory automatically guides attention to a matching
representation. The demonstration of the effect was based on the analogous argumentation for
the automaticity of attentional capture. Hence, three conditions for automaticity for
attentional capture were employed to validate the automaticity of the effect: (a) Strategic
attention is prevented when focusing on a visual representation is fast enough; (b) Attention
to a visual representation relative to an object in the working memory should not be part of
the task in the array of the representations of the visual areas c) The perceptual and cognitive
requirement for comparing an object and a visual representation must be low. In Experiment
1 the three conditions of automaticity were employed and benefits on response times were
produced, which were equivalent to those of selective retrospective attention in the visual
representations. The results demonstrated that attention was guided by the working memory
contents and facilitated recall under the three automaticity conditions. In Experiment 2, the
benefits of the response time were shown to be constant with the increased validity of the
retrospective cue, which showed that the orientation of attention to the representation relevant
to the object in working memory was automatic. Experiment 2 further demonstrated that the
three conditions for automaticity were sufficient for the automaticity of the guided attention
in the visual areas. In Experiment 3, the third condition for automaticity was removed by
increasing the similarity between the objects and requiring a mental rotation before their
comparison. The accuracy of recall was above the chance level but response time benefits
were eliminated. Experiment 3 confirmed Experiment’s 2 results that the response time
benefits were produced by the automatically guided attention in the visual representations.
The automatically guided attention in the visual areas representations completes a pattern of
interaction between working memory and attention. When strategic attention is directed in
the visual field it is facilitated by the working memory-guided attention when the search goal
and the working memory contents match. In the current study, a corresponding interaction
between working memory and attention to visual representations was established. The
initially automatically-guided attention from the working memory contents constitutes
attentional capture in the visual representations and facilitates strategic attention and search

for them.



EYXAPIXTIEX

Evyopioto Wwitepa tov endnn g dwatpiPng pov K. 'emdpyo Xroavoddn, yio tnv
OVGLOOTIKY GUUPOAN TOL GTNV AVATTLEN Kot GTNV JEKTEPOLMOT] TOV TPEYOVTOG £pyov. Ot
dnpovpykég culnmoelg mov giya pall Tov, 1 TPAKTIKY GLUPOAN TOV TNV dlEKTEPAIOO
TOV TEPALOTIKOV £pYmV, 1 BoNOga TOV Yo TV EUTAOKT TOV HEAD®V oG a&loAoyng
SLUPOVAEVTIKNG KO EEMTEPIKNG EMTPOTNG e PonONcav GTNV aVATTLEN TOV ATOLTNTIKOV
10e®V Kol EVVOLOV TNG StotpiPg Hov.

Evyapioto eniong ta péAn e svpPovientikng enttpomng pov K. Tipo IMomaddmovio kot K.
Mdapio ABpaaption yio T ONOVPYIKH KPLTIKY TOVS oL e Boridnoce 6TV amocapivion TV
EMIGTNHOVIKOV EVVOLDV TTOV avadVOnKay amd tn dotpiPn pov, tnv epunveio tov
TEPAUATIKOV OTOTELECUATOV K. (.
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Attentional Capture by Visual Object-Representations

The limited processing capabilities of the mind require that not all observed stimuli
in a scene can be processed concurrently, but instead, a small number of them can be
prioritized over others (Shiffrin & Schneider, 1977). Similarly, available processing resources
are not sufficient to process all representations in short-term memory at a particular moment.
The developing processing capability of short-term memory (Shimi & Scerif, 2017), which
reaches a maximum of four objects in adults (Luck & Vogel, 1997), is exceeded by its
maximum storage capacity (Sligte, Scholte, & Lamme, 2008; van Moorselaar, Olivers,
Theeuwes, Lamme, & Sligte, 2015). In both cases, selective attention is the process by which
items in either perceptual (Petersen & Posner, 2012; Posner, 1980) or mental space (Griffin &
Nobre, 2003; Oberauer & Hein, 2012) are selected over others in accord with one’s current

goal.

Controlled behavior is nevertheless not always for one’s benefit. A careless action in
some case means that current goals are distracting. A road, for example, is seemingly safe to
cross unless our thoughts are interrupted by the horn of a high-speed passing lorry. Goals of
selective attention and decision-making - to observe an apparently empty street and decide to
cross - are changed by the automatic detection of a stimulus - to hear the horn of the passing
lorry and decide to wait. In the second event, the distracting stimulus captures attention
(antis, 1993), it automatically loads short-term memory and gets processed. Automatic
processing of salient stimuli in the scene is called bottom-up processing. There are also
automatic top-down processes which facilitate information processing. A main effect is the
automatic guidance of attention by the contents of working memory to relevant perceptual
information (Pan, Lin, Zhao, & Soto, 2013; Soto, Heinke, Humphreys, & Blanco, 2005; Soto,
Hodsoll, Rotshtein, & Humphreys, 2008). A woman, for example, holds in her mind a

shampoo of green color when she reaches the relevant shelf at the supermarket. Her gaze is



then automatically captured by a shampoo of green color, though not necessarily the one in

the search.

The realization of attentional capture was based on the findings of an experiment by
Chelazzi, Miller, Duncan, & Desimone, (1993) that the enhancement of a representation in
the inferior temporal cortex precedes saccades to a relevant attended object. The findings
suggested a causal relationship between the visual area activation and the subsequent gaze
orientation. In a relevant behavioral study, Downing (2000) set different goals for the
strategic attention in the visual array and for the representation held in working memory. He
demonstrated that attention to an object with a matching representation precedes selective
attention to the search goal. The work of Downing. triggered research on the possible
automaticity of the orientation of attention to an object that matches a representation held in

visual areas (Olivers & Eimer, 2011; Soto et al., 2008).

The findings of Chelazzi et al., (1993) additionally inspired the biased competition
model of attention (Desimone & Duncan,1995), which asserts that attending to an array of
objects, sets a mutually suppressive competition among their representations in the neural
substrates of the visual areas. The model further asserts that attention to an object of the array
resolves the competition in favor of the relevant representation. Single cell recordings in
primates (Chelazzi, Duncan, Miller, & Desimone, 1998) and fMRI in humans (Kastner,
Weerd, Desimone & Ungerleider, 1998) respectively, verified the model’s assertion. The
findings were assumed to support a filtering mechanism of irrelevant information in complex
visual scenes when attention to a stimulus counteracts the suppressive impact of neighboring

stimuli.

The biased competition model was extended by studies which demonstrated that

attention to visual representations increases the activity in the fusiform and parahippocampal



gyri, which are involved in the maintenance of faces and scenes respectively (Lepsien &
Nobre, 2007). This increase in activity was further shown by complementary behavioral tasks
to increase working memory performance in terms of reaction time and accuracy of recall in

accord with previous studies (Griffin & Nobre, 2003).

These results indicate a common mechanism of interaction between the visual areas and
strategic attention in the processing of information in either the perceptual field or the visual
areas. In both cases, strategic attention enhances a visual representation which in turn
improves processing of the relevant information. A further aspect of the mechanism is the
facilitation of strategic attention to an object in the visual field by attentional capture. This is
demonstrated in the task of the study of Soto et al., (2008). Participants had to keep an item in
working memory and search for an object in a subsequent array of objects. There were three
conditions; the item held in working memory appeared in the same position with the object in
the search in the array or it did not or the memory item was not displayed in the array. When
the object in search and the memory item positions matched, the reaction-time to identify the
object in the array was faster than when the memory item was absent from the array. This
reaction-time benefit indicates facilitation of search for an object when there is associated
information in working memory. Equivalently, it can be said that there is an initial automatic
attentive stage which is influenced by the contents of working memory, which precedes and
facilitates strategic attention and the associated search in the visual field when the working

memory contents and the search goal match.

In the current study, | assumed an equivalent effect in the visual areas. The strategic
attention in the visual areas (Griffin et al., 2003; Lepsien et al., 2007) could be facilitated by a
preceding automatic orientation of attention to a representation when relevant information is
kept in working memory. Similarly to the facilitation of attention to a visual stimulus by the

working memory contents (Soto et al., 2008), the search in a visual memory array for a



representation should be facilitated when the working memory contents and the search goal

match.

Since no previous research had addressed the automatic orientation of attention to a
representation I relied on the methodology of relevant processes to address the issue.
Attention to a representation was expected to produce similar reaction-time and accuracy of
recall benefits to the strategic attention to the visual areas (Griffin et al., 2003; Lepsien et al.,
2007). The automaticity of orienting attention to visual representations was addressed by
relying on the assumptions for demonstrating the automaticity of attentional capture in the

visual field (Han et al., 2009; Soto et al., 2008; Woodman & Luck, 2007).

In the following paragraphs, | first review the biased competition model of attention
(Desimone & Duncan, 1995) and how it is related to attentional capture (Chelazzi et al.,
1993; Downing, 2000; Soto et al., 2005, 2008). The second paragraph presents studies that
place further assumptions on the automaticity of attentional capture (Han & Kim, 2009;
Woodman & Luck, 2007). In the third paragraph, | review the research evidence on the
strategic orientation of attention to visual representations and the associated retrieval
mechanisms. In the fourth paragraph, I present the premises and results of a study that
suggests an integrative framework for the various mechanisms of recall by the strategic
orientation of attention in the visual areas (Olivers, Peters, Houtkamp, & Roelfsema, 2011).
The framework is used in the current study to interpret the experimental results of the

retrieval accuracy of the visual representations.

Biased Competition and Attentional Capture

Competition for processing in a scene is evidenced when multiple objects are observed,
and the capacity of the visual system is incapable of dealing with their simultaneous

processing. For example, when two different objects are displayed simultaneously, it is less



efficient to identify their features than when they are presented in isolation (Duncan, 1984).
Competition for processing is resolved by the facilitation of processing of an object in an
array by attending the object location before its appearance (Posner & Cohen, 1984). The
attention to a location before the stimulus appearance modulates neural processing in the
visual cortex. The modulation of visual activity is thought to be a top-down bias that
facilitates processing of stimuli representations at the attended locations of the stimulus
(Desimone & Duncan, 1995). Top-down signals due to attention, bias neural competition for
processing in the visual areas in several other ways. An attended stimulus enhances a
corresponding neuron response, it filters irrelevant information by counteracting the
suppression that is induced by adjacent distractors, it biases signals in favor of an attended
location by increasing the baseline neuron activity in the absence of visual stimulation and
increases the stimulus salience by enhancing the neuron’s sensitivity to stimulus contrast

(Kastner & Ungerleider, 2000) .

An initial model of a biased competition mechanism of attention was proposed by
Duncan and Humphreys (1989). The first element of the mechanism is a memory template of
the target object. The second element is a parallel perceptual input that generates a group
representation of the observed objects of a scene. Part of the scene is selected with a
particular goal. The selection process matches an object of the group representation with the
target object of the memory template. The biased competition mechanism resolves the
competition in the group representation in favor of the representation corresponding to the
target object of the template. Search efficiency for an object in the parallel input is

determined by the similarity between targets and non-targets.

The model challenged the feature integration theory (FIT) of Treisman & Gelade (1980).
According to FIT, there is an initial attentive stage, where each primary feature, such as color
or orientation, is parallel coded by spatio-topically organized maps of the visual field, without

5



integration. In the second attentive stage, the visual field is serially scanned by selective
attention and information is integrated into whole objects. The experiments by Treisman and
Gelade., in which the visual search is for features or their conjunction, gave potential
evidence for the theory. In the search for features in a display of objects, the target object
differs from the non-targets by a single feature, such as orientation or color. In the
conjunctive search, the target is a composite of features and shares at least a feature with
other display objects. The results of the two experimental manipulations were distinguished
by the slopes of the linear function relating reaction-times with display size. In feature search,
reaction-times remained constant with display size, while in conjunction search reaction-
times showed a linear increase as a function of the display size. These results were interpreted

by parallel and serial processing of attended stimuli.

The model of Duncan et al. (1989) challenged FIT on the distinction between parallel
and serial processing, by producing a continuum of search efficiency, determined by the
feature sharing between targets and non-targets. According to the model, there is only a
parallel processing mechanism biasing competition in a group representation in favor of a
memory target object, whose efficiency depends on the similarity between the memory and

the display objects.

The competition for representation and processing is evidenced in a multitude of visual
areas which are organized into two specialized processing streams with distinct functions
(Ungerleider & Haxby, 1994). The dorsal stream or occipitoparietal pathway is specialized
for the determination of spatial relations among objects. The ventral stream or
occipitotemporal pathway is specialized for the identification of objects. Both streams

originate from a shared visual field input, area V1, and branch into multiple visual areas.



In the object processing pathway or ventral stream, object features are processed
progressively from simpler to more complex ones. In V1 simple spatial filtering of features
occurs, while in the inferior temporal cortex, a higher processing area, whole object features
are processed, such as shape or volume (Desimone & Ungerleider, 1989). The receptive
neuron fields (RF) in primates, increase from primary V1 cortex towards the TE. They
initiate at 1.5° in V1, to 4° in V4 and 26° in the inferior temporal cortex (Desimone et al.,
1989). Likewise, neuron RF sizes increase progressively in human visual areas from V1 to

TEO (Kastner et al., 1998; Smith, 2001).

Biased competition is evidenced in the visual areas when stimuli are simultaneously
projected into the neurons’ RF (Reynolds, Chelazzi, & Desimone, 1999). A particular neuron
in the visual areas of the ventral stream shows a selective processing activity for specific
stimuli, called the effective stimuli for that particular neuron, while it rejects processing for
another kind of stimuli, being called the ineffective ones. For example, a vertical line may be
an effective stimulus for a neuron while a horizontal line may be an ineffective stimulus.
When both an effective and an ineffective stimulus are simultaneously presented in the RF of
a single neuron, but not attended, the neuron response is the average of the responses when
stimuli are presented alone. When the effective stimulus is subsequently attended, the
response of the neuron increases to the level when this stimulus is presented alone. Similarly,
when the ineffective stimulus is attended, the neuron response reduces to the level when the
ineffective stimulus is presented alone. The average response of the neuron, when both
stimuli are simultaneously projected into its RF, demonstrates a suppressive competition for
representation processing. When the neuron response shifts to the response of the attended
stimulus, its behavior is interpreted as biasing of competition in favor of the attended

stimulus and against the unattended one.



The biased competition theory of attention is evidenced by fMRI studies in the human
extrastriate cortex (Kastner, Weerd, Desimone, & Ungerleider, 1998; Kastner, Pinsk, De
Weerd, Desimone, & Ungerleider, 1999). Competition for representation in humans is
evidenced when stimuli are presented simultaneously in the visual field and produce
representations that interact suppressively in the cortical pathway of object recognition in
comparison to the response when stimuli are presented sequentially (Kastner et al., 1998).
The competition is nevertheless biased in favor of one representation when the corresponding
object is preferentially attended which amounts of attention to one object in the visual field
counteracts the suppressive influence of adjacent object representations in the cortical visual
area. Equivalently, the prefrontal cortex (PFC) directs the selection of an object in the visual
field, and the corresponding representation is enhanced against other simultaneous object
representations. A matching representation of an attended object is enhanced by about 30%
compared to the unattended ones. The effect was registered by multivoxel fMRI analysis of
large-scale integrated visual representations in the fusiform face area (FFA), the para-
hippocampal place area (PPA) and the visual occipital-temporal cortex (OTC) (Reddy,
Kanwisher, & VanRullen, 2009). A more recent study has shown that biased competition
likewise occurs when the location of a representation itself is retrospectively attended (Kuo,
Stokes & Nobre, 2012), that is top-down modulation directs spatial selection to an object
representation in the visual neuron field, which is enhanced against other simultaneous object

representations.

The biased competition theory of attention has provided evidence for an automatic
mechanism for the orientation of attention to visual stimuli, which is most relevant to the
current study. The evidence was provided by an experiment of Chelazzi et al., (1993).
Chelazzi et al. demonstrated that in monkeys, the representation of an attended memory-

matching object is enhanced at about 90-120 ms before gaze is directed to it. The effect might



have indicated, according to the authors, a causal relation between gaze orientation and the
previous enhancement of the representation by the memory-matching shape. However, the
experiment by Chelazzi et al. (1993) was not tuned to sense the dichotomy between selective
PFC bias and automatic visual areas impact on the orientation of attention by memory-
matching stimuli, as the search goal was identical with the required gaze orientation. Instead,
Downing (2000) succeeded to distinguish between the search goal and the initial orientation
of gaze to a memory-matching item. Downing. findings suggested that attention to a
memory-matching item steadily preceded goal-oriented selective attention, which
correspondingly implied that gaze orientation was most likely executed automatically by the
visual areas (Kastner et al., 1998) before top-down selective orientation to the target by the

PFC (Zanto, Rubens, Thangavel, & Gazzaley, 2011).

Attentional Capture and Automaticity

Automaticity, the second feature of the presumed automatic orientation of attention by
the working memory contents, is an intricate issue that is explored in the literature of
attentional capture. A paradigm task has been employed by some researchers to establish
guidance of attention by working memory representations. The task requires search for an
item in an array with a particular feature that is occasionally different from a memory
matching item in the same array (Downing, 2000; Downing & Dodds, 2004; Houtkamp &
Roelfsema, 2006; Olivers, Meijer, & Theeuwes, 2006; Soto et al., 2005; 2006). In his
founding study, Downing (2000) initially presented one human face to participants to retain it
in memory. It was followed by the display of two other faces, one matching the face in
memory. Then a bracket appeared in the position of one of the two faces, and a speeded
response about the orientation of the bracket was required. Lastly, a face was displayed, and

participants had to decide whether it matched the one in memory. The results of the



experiment showed a delay when the bracket position did not match the face matching the
memory content. The findings were interpreted as gaze had been first oriented to the
memory-matching face before selective attention was oriented to the search goal, the bracket.
The evidence hinted that orientation of attention to the memory-matching face was probably
automatic, as it did not form part of the search goal. However, while the experiment by
Downing showed that memory content influences attention, it did not provide substantial
evidence for automaticity. That is, attending to a distractor was not detrimental to the task,
and participants had chosen to attend to a non-target object when they were instructed to keep
a corresponding object in memory because they might have thought that it could help them in

the task.

The memory task should be separate from the strategic attention task to demonstrate that
the memory content drives visual attention (Soto et al., 2005). Soto et al. required participants
to hold an item in memory with a particular shape and color, i.e., a green square. They then
had to detect a slanted line, among vertical distractor ones, which was embedded in a
geometrical shape that was either matching or non-matching to the one retained in memory.
They finally had to perform a memory task. Soto et al. found that when the slanted line was
placed in the memory-matching object, reaction-times were faster than when it was placed
inside another object. This pattern of results was repeated even when the slanted line was
never embedded in a memory matching object. The findings suggested that attentional
capture by a memory-matching object occurs even when this is detrimental to the task. Soto
et al. (2006) confirmed their conclusions by performing a similar experiment to parietal
patients with visual extinction to contra-lesional stimuli. Their results showed that visual
extinction was reduced when the contra-lesional stimulus matched a memory representation.
Pan et al. (2013) additionally exhibited that guidance of attention from short-term memory

may occur by a stimulus, which was rendered unconscious by masking.
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Other researchers have found evidence of no guidance of attention by the contents of
working memory. Woodman & Luck, (2007) set more stringent criteria for automaticity of
the guidance of attention by memory contents, by requiring that despite holding a
representation in visual areas, there was no motivation for attending a matching item in the
search task. For that purpose, Woodman, and Luck. made memory matching items never to
be part of the search goal. Woodman et al. argued that if the automatic guidance of attention
to memory-matching items occurs, it should develop even under this condition. They found
no evidence for attentional capture by memory-matching items. Correspondingly, Downing
& Dodds, (2004) divided representations to “memory” and “search” ones. The ‘memory’
representations were simply held in visual areas while the ‘search’ representations were used
for search in the subsequent array. They found evidence for attentional capture by the

“search” representations, but not for the “memory” ones.

Han & Kim, (2009) attempted to find an integrative framework for these diverging
findings. They argued that Woodman et al. (2007) fail to report attentional capture because
they used a perceptually demanding task. To reconcile the conflicting results of the tasks by
Soto et al. (2005) and Woodman et al. (2007), Han et al. used a common experimental task in
which they varied search time and perceptual difficulty, to simulate the two experimental
tasks. The perceptual difficulty was manipulated by the increasing similarity between the
target and destructor (Duncan & Humphreys, 1989). Fast search reaction-times were
estimated to be below 1100ms. Their results showed that the attentional capture by visual
representations only occurs when the search task was perceptually straightforward, and the

search was fast enough to prevent the implementation of cognitive control.

Carlisle & Woodman, (2012) instead, turned to classic studies of attention and
automaticity (Posner & Snyder, 1975) to investigate attentional capture within the same
experimental method. The classic experiment by Posner et al. (1975) required to attend a

11



probe item and then searching for it in the subsequent array. They argued that strategic
attention to the probe would increase when it facilitated the search for the matching item.
Consequently, an increased occurrence probability of the matching item would increase
attention to the probe and subsequently slow reaction times. Increased probability of the
matching item practically means that if the trials containing the memory-matching item
increase in different versions of the same task, then reaction times should increase.
Equivalently, if the orientation of attention to the memory-matching item is exclusively
automatic, then reaction times should have a constant value as a function a variable
probability of its occurrence. Carlisle et al. (2012) used the same argument in the standard
paradigm task of attentional capture and found that it is driven by both automatic and

strategic interactions.

The debate about the automaticity of the memory guidance of attention is inevitably
transferred to the issue of automaticity of the anticipated AM. Nevertheless, the studies of
Han et al. (2009), Posner, (1975) and Carlisle et al. (2012), offer the most relevant criteria for
automaticity. By these criteria, the enhancement of a probe-matching visual representation
and the subsequent attention to it would prove to be automatic, if the strategic search for it is
prevented by fast search times and it is perceptually straightforward to be probed (Han et al.,
2009). Moreover, reaction-time differences should remain constant across different
probabilistic occurrence of a memory-matching item (Carlisle et al., 2012; Posner et al.,

1975).

Another crucial criterion for the demonstration of the automaticity of AM regards the
access to the representation matching the contents of working memory, which is an enhanced
representation in the visual areas. In tasks, where attentional capture occurs by memory-
matching objects, a minimum requirement for exhibiting automaticity, is the absence of the
representation matching the object in working memory from the search goal in the visual

12



array (Downing, 2000; Soto et al., 2005). By this task design, any response-time delay is
attributed to the automatic guidance of attention to or attentional capture by the memory
matching object. In a biased competition task in the visual areas, a representation is enhanced
when it matches a probe object and presumably captures attention automatically.
Analogously, an essential requirement for the demonstration of the automaticity of AM is that

the probe-matching representation should not be part of the search in a memory array.

Strategic Retrospective Attention Mechanisms

Strategic retrospective attention to visual representations has been shown to produce
equivalent reaction-time and percentage accuracy results to selective attention on visual
stimuli (Griffin et al., 2003). Strategic retrospective attention to an array of visual
representations was attained by a cue following the presentation of the array, called the retro-
cue, which indicated the position of one object of the previously presented array. Strategic
attention was attained by a cue preceding the presentation of the array and indicating the
position of one object of the forthcoming array. Strategic retrospective attention to a memory
array gave mean reaction-time benefits when comparing a cued representation with a probe
object (valid condition) than by comparing the probe with an uncued representation (invalid
condition), similar to when attention preceded the array, in agreement with Posner et al.,
(1984). The ‘no’ condition did not involve a matching representation to the probe. The
pattern of percentage accuracy indicated for the valid and the invalid condition, similar
benefits and costs compared to the ‘no’ condition. However, this pattern, which is crucial in
interpreting corresponding results of AM, differed from subsequent research investigating the

retro-cue mechanism.

Strategic attention to a visual representation using a retro-cue has been shown to have a

positive impact on the recall accuracy of representations in visual areas (Griffin et al., 2003;
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Landman, Spekreijse, & Lamme, 2003) and is known as the retro-cue benefit effect. The state
of noncued representations is vital in understanding the mechanism of the retro-cue benefit
effect because it reveals how the attended representation has been modulated compared to the
unattended ones. Noncued representation recall accuracy has given variant results and
consequently differing propositions for the retro-cue mechanism. Proposed retro-cue
mechanisms based on the accuracy of retrieval of noncued representations are reviewed in the

following sections.

Protection-from-Interference Mechanism

The protection mechanism asserts that a cued representation is protected from
interference from accompanying representations (Makovski, Sussman, & Jiang, 2008; Souza,
Rerko, & Oberauer, 2016; van Moorselaar, Gunseli, Theeuwes, & Olivers, 2015). Makovski
et al. (2008) used three recall procedures in three separate experiments to verify the assertion
of the protection mechanism. The first was a whole recall procedure and consisted of the
comparison of two successive four object arrays without a retro-cue. The second recall
procedure involved a so-called simultaneous cue in the second display, which indicated an
object of the array to be compared with an object in the corresponding position of the first
array. The third recall procedure involved a retro-cue, which followed the first display and
indicated the position of a representation to be compared with an object of the second display
in the corresponding position. The last task was again a partial report of the similarity of
objects in corresponding array positions. The findings indicated that the third recall
procedure, which involved a retro-cue indicating a representation of the first array, was better
than both the whole report and simultaneous retro-cue recall procedure. The findings were
interpreted as indicating that the cued representation is protected from interference from

concurrent ones.
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Direct interference in the form of masking was applied by van Moorselaar et al. (2015) to
a memory array to test the same protection mechanism. An array of four objects was followed
by a retro-cue indicating the position of one of the object representations. Two conditions of
the experiment either included or not a masking array which succeeded the retro-cue.
Participants in either condition had to compare the probe object with the cued representation.
Results indicated that recall accuracy was reduced from the no-mask to the masked condition
when no cue was involved in the recall, while it remained constant between the conditions
when a cue was involved. The results directly indicated the protection of representation from

interference.

Removal Mechanism

The removal mechanism is supported by evidence showing that noncued representations
are removed when one representation is being retro-cued (Kuo et al., 2012; Souza, Rerko, &
Oberauer, 2014). Kuo et al., (2012) used event-related potential (ERP) to investigate the
modulation of the contralateral delay activity (CDA) when attention is selectively oriented to
a spatial location in the visual areas. CDA is a lateralized ERP marker of visual areas
maintenance, which is produced when participants selectively encode items to memory from
one hemifield. They found that when attention is oriented to a particular representation, recall
performance was improved and the CDA level was reduced to a value indicating a reduction

of the memory load. These results suggested the removal of noncued representations.

A behavioral approach by Souza, Rerko, and Oberauer, (2014) suggested the same
removal mechanism. In the Souza et al. experiment, participants had to encode two
successively presented object sets. When an item from the first array was retro-cued, the
memory for the second array was improved. These results were interpreted as, that removal

of irrelevant information from the first set, after one of its representation is retro-cued,
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facilitates recall of the second set. Similarly, Astle, Summerfield, Griffin, and Nobre, (2012)
found that, when working memory four object capacity is exceeded, top-down biasing by a
retro-cue offers a slight benefit compared to the ‘no’ condition. The unattended items are lost,
and there is a substantial cost of invalid trials over ‘no’ ones, suggesting a removal

mechanism.

Prioritization Mechanism

The prioritization mechanism suggests that a cued representation is set to a robust
representational form, which improves recall without disturbing noncued representations
(Myers, Walther, Wallis, Stokes, & Nobre, 2015; Rerko & Oberauer, 2013). Rerko et al.,
(2013) cued non-cued representations and found that their recall was improved.
Retrospectively attending to a representation, therefore, improves its recall, but does not
eliminate noncued representations. The finding supports the prioritization mechanism of

retrospective attention.

Prevention of Rapid Forgetting

While the protection mechanism refers to interference from stimuli presented after the
retention interval, the prevention of rapid forgetting mechanism refers to the protection of the
cued representation during the retention interval. The cued representation may be protected
from rapid forgetting, probably due to temporal decay or due to interference among
concurrent representations during retention (Pertzov et al., 2013). In their experiment,
Pertzov et al. used a continuous feature space report to investigate the quality of recall with
varied ISI between the retro-cue and the report stage. The logic of the experiment resided on
a prediction of the protection mechanism that memory of a cued representation should remain
stable during the retention interval, while noncued representations should fade. They found

that when four representations had to be remembered without a cue, they degraded faster over
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time. However, the decay of a representation was prevented when it was validly cued, even
long after the presentation of the memory array. Invalidly cued representations degraded even
faster than noncued ones. The results support the protection mechanism by which a retro-cue
enhances the temporal stability of representations and associated recall, while noncued

representations are degraded but not lost.

An Integrative Framework for Selective Retrospective Attention Mechanisms

The various mechanisms may suggest the inconsistency of findings concerning the fate
of noncued representations, as expressed by the percentage accuracy response, or that
different mechanism is employed under different experimental settings. Nevertheless, the
variability of percentage accuracy results, between cued and noncued representations, was
found to depend on the reliability of the retro-cue to predict the probe-matching
representation (Gunseli et al., 2015). Cue-reliability, which is defined to be the ratio between
valid and invalid trials, categorizes previous research on the retro-cue benefit effect into low
and high cue-reliability groups. The low cue-reliability group, 50 % valid in Landman et al.
(2003) and 66.6 % valid in Rerko et al. (2013), did not detect a cost in the invalid trials.
However, the high cue-reliability group, 80 % valid in Griffin et al. 2003, 80 % in Astle et al.
(2012), 75 % in Matsukura, Luck, & Vecera (2007), 70 % in Pertzov et al. (2013), 73% in
Myers et al. (2015) and 100 % in Souza et al. (2014), registered a cost. In the high cue-
reliability group attention seems to be devoted to the cued representation while the uncued
representations (removal mechanism) are ignored since there is little chance of being tested
on them. In the low cue-reliability group the uncued representations are maintained by the
anticipation of being tested on them. In this case, the cued representation might just be
prioritized over uncued representations (prioritization mechanism). In their study, Gunseli et

al., (2015), found invalid trial, no-cost and cost corresponding to 50 % and 80 % cue-
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reliability groups. The pattern of results suggests, according to the authors, that the retro-cue

mechanisms are strategically adjusted on perceived retro-cue reliability.

These results were relevant in the current study, in that they might have revealed a
retrieval mechanism for AM. The differing reliability of an object representation in working
memory to direct attention to a relevant representation in the visual areas would have

revealed a model for AM.

Hypotheses

Hypothesis 1

The main hypothesis of the current study states that automatic orienting of attention to a
visual object-representation in the visual areas occurs when there is a search goal in the visual
areas representations and a relevant object is subsequently kept in working memory. The
hypothesis is suggested by the corresponding interaction of working memory and attention in
the visual field (Olivers, 2009; Soto et al., 2008). The automatic orientation of attention to an
object in the field occurs when there is a relevant representation in working memory. When
the working memory contents and the search goal in the visual field match then the initial
automatic orientation of attention facilitates strategic attention to the object. Similarly, the
hypothesis suggests a corresponding interaction of working memory and strategic attention in
the visual areas. The process would facilitate strategic attention in a memory array when the

search goal and working memory content match.
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Hypothesis 2

Hypothesis 2 regards the conditions for automaticity of AM suggested by Hypothesis 1.
It is assumed that three conditions for automaticity of attentional capture in the visual field

are analogously valid for the automaticity of the AM:

(a) When the focus of attention on a visual representation is fast enough strategic

attention is prevented.

(b) The task in the array of the representations of the visual areas should not premise

attention to a visual representation relative to an object in the working memory.

c¢) The comparison of an object and a visual representation should not demand high

perceptual and cognitive load.

The validity of preceding hypotheses was investigated by three experiments. Experiment
1 investigated whether reaction-time benefits could be produced when the three conditions
for automaticity were applied. The emergence of these benefits could suggest that orienting
of attention to a representation relevant to an object in working memory occurred and it was
automatic. Experiment 2 aimed to validate the assumption of Experiment 1 by one prediction
of the assumption: Reaction-time benefits should remain constant across variable probability
of an object to validly cue a relevant visual representation. Experiment 3 aimed to further
verify the assumption of Experiment 1 by verifying one prediction based on the same
assumption: If one of the three conditions for automaticity does not apply then, the automatic
attention to a representation relevant to an observed object should not occur. Therefore, the

reaction time and accuracy benefits observed in Experiment 1 should vanish.
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Experiment 1

Experiment 1 investigated whether attention to a representation relevant to an object in
working memory could produce reaction-time benefits similar to retrospective attention in the
visual areas when the three conditions for automaticity of orienting attention to the visual
areas were employed. The first condition for automaticity presumed that the orientation of
attention to a visual representation should be fast enough to prevent strategic employment of
attention (Han et al., 2009). The second condition presumed that the orientation of attention
to a visual representation which is relevant to an object in working memory should not be
part of the search goal in the memory array (Downing, 2000). The third consideration
presumed that the contrasting of the object in working memory and a visual representation
should not be perceptually and cognitively demanding (Han et al., 2009). The three
conditions for automaticity presumed that, if attention to a relevant visual representation to an
observed object produced similar reaction-time benefits with retrospective attention in the
visual areas, then these were automatically produced. Thus, the current experiment aimed to
investigate whether reaction times similar to the ones reported for strategic attention in the
visual areas occurred when the three conditions for automaticity were applied. If such effects
occurred, then the assumption for automatic orientation of attention in the visual areas when

the three conditions for automaticity apply would be verified.

In the task of Experiment 1, an array of four objects was initially presented, followed
sequentially by an object to be held in working memory and a retro-cue. The sequence of
events of Experiment 1 is shown in Figure 1. The task in every condition of Experiment 1
required the comparison of the object kept in working memory and a representation of the

memory array which was strategically attended using a retro-cue.
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There were three conditions in Experiment 1. The valid condition, in which the probe
object had a corresponding representation in the array and the retro-cue was subsequently
pointing to the same representation. The invalid condition, in which the probe object also had
a corresponding representation in the array, but the retro-cue was pointing to another
representation. And finally, the ‘no’ condition in which the probe object did not have a
corresponding representation in the array, and the retro-cue was pointing to an arbitrary
representation. The design of the experiment aimed to demonstrate automatic orientation of
attention in visual areas by the response-time and accuracy of recall benefits in the valid and
the invalid condition compared to the ‘no’ condition. More specifically, the directly
comparable conditions were the invalid and the ‘no’ condition where the task was identical.
Any difference between the two conditions would amount to attention effects on the visual

representation which was relevant to an attended object in the invalid condition.

The first condition for automaticity of orienting attention in the visual areas was
employed in Experiment 1 by allowing a stimulus onset asynchrony (SOA) of 250ms
between the probe and the retro-cue. The time required to strategically attend a visual
representation relevant to the object in working memory estimated by saccade latencies to be
about 150ms (Hollingworth, Matsukura, & Luck, 2013). It is implied that not sufficient time

was offered to serially scan the array by attention for a particular representation.

The second condition of automaticity of orienting attention to visual areas was employed,
as the search task in the memory array did not require attention to a representation that was
relevant to the object in working memory. The task did not exclude this event but it rather

allowed for the possibility for it to occur under the conditions for automaticity.

The third condition was employed by using stimuli objects, which were formed by

combining basic geometrical figures and were adequately complex that they were easily
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discriminable and unfamiliar (Fiser & Aslin, 2001). The stimuli objects of Experiment 1 are
shown in Figure 2. Moreover, the complexity of the shapes prevented the Gestalt emergence

of new shapes from the combination of adjacent basic geometrical figures.

The order of presentation of the probe object before the retro-cue was an important
component in the design of Experiment 1. To prevent any impact of the retro-cue benefit
effect, the probe object was presented before the retro-cue. Additionally, the 200ms IS
between the memory array and the object to be kept in working memory ensured that
representations did not fade considerably before being attended and therefore were optimally
recalled (Pertzov et al., 2013). The 200ms is also the time by which iconic memory ceased to
exist (Jiang & Kumar, 2004; Phillips, 1974) and guaranteed no interaction of iconic memory

and the representations in the visual areas.

Due to design, each of the three conditions of Experiment 1, necessarily gave a positive
or a negative answer in response to the comparison for similarity between the probe and the
retro-cued representation. The response in the valid condition was thus always positive, as
comparing similar objects, while in the invalid and the neutral condition it was always
negative, as comparing different objects. To avoid bias, the negative and positive answers
were equally proportioned in each section of the experiment. The valid condition, which gave
positive answers, occurred by a 50% proportion and the invalid and the neutral condition,

which gave negative answers, occurred equally by a 25% proportion.

In a pilot version of Experiment 1, the author noticed that a probe-matching
representation in a four-object memory array was visually recalled at the initial object
position on the screen. The visual recall also occurred automatically when representations
were retro-cued, a fact which is in accord with results demonstrating low strategic control or

equivalently, high automatic use of arrow retro-cues (Berryhill, Richmond, Shay, & Olson,
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2012). Participants of pilot Experiment 1 were asked to report anything noteworthy in the
task. Their answers were irrelevant to the visual recall effect and indicated that they did not
perceive the retrieved representations. When, however, they were prompted to relate either
the probe or the retro-cue with the corresponding retrieved representation they could clearly

report the effect.

Method

Participants.

Twenty-nine undergraduates of the University of Cyprus, male and female (age: 18-26),
participated in the experiment for course credit. They had normal or corrected-to-normal

visual acuity and gave informed written consent for participation in the study.

Materials.

The stimuli used in the experiment were sixteen composite geometrical shapes similar to
those used by Fiser et al., (2001). The stimuli were black on a white background. Stimuli
were presented by a Lenovo computer, using the OpenSesame software (Mathét, Schreij, &

Theeuwes, 2012).

Procedure.

Separate one-way Analyses of Variance (ANOVAs) were performed on mean reaction-
times and percentage accuracy of recall. The within factor had three levels which were the

three conditions (valid vs. invalid vs. neutral).

The experiment consisted of five successive displays on a 17-inch monitor, at 1366 x 768
resolution and viewed from about 0.8m distance. Initially, a fixation circle of 0.29° of visual

angle was projected in the center of the display for 300ms. The ensuing memory array
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consisted of four dissimilar stimuli that they were randomly selected from the sixteen stimuli
pool shown in Figure 2. They were simultaneously and crosswise projected at the center of
the screen for 130ms. The extent of the stimuli supporting imaginary cross was 3.65° of
visual angle, and the maximum size of an individual shape was 0.93°. The memory array was
succeeded by a single stimulus figure that was displayed in the center of the screen for
200ms. A retro-cue, a star-shaped figure with four ends, of 0.93° visual angle, was next
displayed, 50ms after the offset of the probe, in the center of the screen, for 130ms. In each
trial, one end of the cue was filled black and indicated one of the four locations of the
previously displayed memory array. A blank display was finally projected for 2000ms.
Participants were allowed to respond during this time interval otherwise the trial was invalid.
Participants responded by using a keyboard. They were instructed to press the key “S,” when
the probe matched the memory array representation indicated by the cue and press the key
“L,” when it did not match the representation. They were also given instruction to attend to
the visually retrieved representation indicated by the retro-cue and use to benefit their
response. This intervention was made to avoid unnecessary confusion with the probe-
matching visually retrieved representation, an effect confirmed during the piloting of the

experiment.

Each participant was tested in all three conditions of the experiment, the valid, the invalid
and the neutral condition. Reaction-time and correct response were registered for each
condition in every trial. The independent variable had three levels corresponding to each
condition, and the dependent variables were reaction-time and percentage accuracy in each

condition.

Participants were tested in groups of four in a dimly lit laboratory room. They were given
instructions both verbally and in writing on the computer screen before the start of the
experiment. Participants initially completed a 20-trial practice session during which they
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received sound feedback for every incorrect response. The experimental trials were

completed in three sessions of 72 trials each, during which no feedback was given.

Results

Reaction-time.

Three extreme cases were detected to violate the multivariate normality assumption and
were removed from the analysis. The validity condition caused statistically significant
changes in mean reaction times; F(2, 50) = 19.539, p < 0.001, partial 72 = .439, with mean
reaction time values increasing from 688.154 + 30.218 ms for the valid condition, to 720.577
+ 30.647 ms for the invalid condition and to 755.154 + 32.076 ms for the ‘no’ condition.
Results are displayed in Figure 3. Post hoc analysis, with Bonferroni adjustment for multiple
comparisons, revealed that mean reaction time was statistically significantly increased, from
the valid to the invalid condition with a mean difference of 32.423 £ 11.292 ms, p =.025. It
was also increased from the valid to the ‘no’ condition with mean difference 67.0 + 11.963
ms, p <.001 and from the invalid to the ‘no’ condition with mean difference 34.577 + 8.609
ms, p =.001. The ‘no’ condition presented the largest mean reaction-time among the three
conditions, demonstrating reaction-time benefits produced in the valid and the invalid

condition.

Accuracy

One case was removed from the analysis because it did not satisfy multilinear normality.
The attention-shift conditions elicited statistically significant differences in response
accuracy; F(1.278, 34.502) = 12.957, p < 0.001, partial #?=.324, which was 61.286 + 2.759
% for the valid condition, 77.179 + 2.308 % for the invalid condition and 72.393 + 2.466 %

for the ‘no’ condition. Results are displayed in Figure 4. Post hoc analysis, with Bonferroni
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adjustment for multiple comparisons, revealed that mean percentage accuracy was
statistically significantly increased from the valid to the invalid condition with a mean
difference of 15.893 + 3.122 %, p < .001and from the valid to the ‘no’ condition 11.107 +
4.145 %, p = .037. 1t was marginally statistically significantly decreased from the invalid to

the ‘no’ condition 4.786 + 1.963%, p = .065.

The effect of the accuracy cost and reaction time-benefit of the valid condition compared
to the invalid one indicated a possible speed-accuracy trade-off (SATO) in the valid
condition. To test for that effect, a Pearson Correlation Test was carried out between reaction-
time intervals of 200ms and corresponding mean accuracy of all participants. A negative
correlation between accuracy and reaction-time was significant, r = -0.883, p = 0.019. The
results are depicted in Figure 5. The accuracy is decreased as reaction-time is increased and

the SATO effect was likely not involved in the valid condition.

Discussion

Reaction-time results of Experiment 1 demonstrated benefits of the valid and the invalid
condition compared to the ‘no’ condition. The invalid condition demonstrated a benefit
compared to the ‘no’ condition despite the fact that participants had to perform the same task
in both conditions. The task comprised of the comparison of the object in working memory
with the representation indicated by the retro-cue. In the invalid condition, there was a
corresponding representation of the object in working memory and the object in the memory
array. The existence of the reaction-time benefits of the invalid condition compared to the
‘no’ condition showed that the search in the memory array was facilitated by the presence of
an object in working memory that matched a visual representation in the memory array. This
fact suggests that strategic attention to a representation in the memory array was facilitated
when the representation matched the object in working memory. Analogously to attentional

capture in the visual field, such an effect would occur if there is an initial automatic
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orientation to the representation that matches the object in working memory. These initial
results implied the guided attention to a representation matching an object in working
memory. The three conditions for automaticity restrict performance in the task such that
guided attention in the memory array was automatic. This can not be a definite conclusion

unless it is shown that the three conditions are sufficient for automaticity.

Accuracy results demonstrated a cost of the valid condition compared to the invalid and
the ‘no’ condition. The invalid condition accuracy had a marginally significant benefit over
the ‘no’ condition. As the invalid and the ‘no’ condition task was the same, the accuracy
benefit in the invalid condition can only be attributed to the facilitation of search in the
memory array by the orientation of attention to a representation matching the object in

working memory.

The valid condition demonstrated an accuracy cost compared to the other two conditions
while the reaction-time in this condition was shorter than the other two. The analysis of the
results demonstrated a significant negative correlation between reaction-time and accuracy of
recall. Therefore, no SATO effect was detected in the valid condition, and the results
presumably were not due to a task particular feature but rather reflect a property of the visual

areas such as interference.

An interpretation of the results in the valid condition, based on the retinotopic property of
visual representations, could be readily offered. The valid condition shows reduced reaction-
time compared to the ‘no’ condition. This finding is in accord with the behavior in the invalid
condition where the implied automatic orientation of attention facilitates search in the
memory array. The valid condition also demonstrates a reaction-time benefit compared to the
invalid condition. The result may be explained by the retinotopic nature of the memory array

representation. In the invalid condition, attention was shifted between two locations in the
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memory array. In the valid condition, the same representation was attended twice, once by
the probe and once by the retro-cue in the same location. In the invalid condition, the
attentional shift in the two representations in respective locations in the memory array was
more time demanding than the single location orientation of attention to a single
representation in the valid condition. The accuracy cost of the valid compared to the invalid
condition may be explained by both AM and the retinotopic property of the memory array. In
the valid condition, the AM to the same representation in the same location might have
caused interference in working memory between the AM and strategic attention to the same
representation. Therefore, the valid condition demonstrated reaction-time benefits compared
to the invalid condition due to a more time-demanding attentional shift in the invalid
condition. The valid condition, additionally, demonstrated an accuracy cost compared to the
invalid condition due to interference between the AM and strategic attention to the same

visual representation. These suppositions need, of course, further investigation.

Experiment 2

In Experiment 1 it was demonstrated there is a facilitation of strategic attention to a
representation when it matches an object in working memory. This fact implied that attention
was initially oriented to the representation matching the object in working memory. The
orientation of attention was further implied by the automaticity conditions to be automatic but
the assertion cannot be definite unless it is shown that the conditions are sufficient for
automaticity. The current experiment aimed to verify the sufficiency of the three automaticity
conditions by verifying an analogous assumption for attentional capture in the visual field.
Carlisle et al., 2012 and Posner et al., 1975 presumed that strategic attention to an object and
therefore reaction time is increased when it is validly used to attend another object in a

subsequent visual array of objects. For AM to be automatic, this means that attention to the
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object to be kept in working memory and therefore reaction time does not change with the

probability to the direct attention to a cued representation to be recalled.

To verify the constancy of attention to the object to be loaded in working memory in
Experiment 2, the reaction-time benefits or costs between conditions were measured, when
the object unevenly predicted a retro-cued visual representation. Experiment 2 replicated the
task in Experiment 1 in three groups that were determined by the varying reliability of the
retro-cue. The three groups corresponded to 20%, 50% and 80 % of valid retro-cue. The
reliability of a retro-cue to indicate a previously attended representation determined the
probability for a valid trial. Thus, the three groups of a percent valid retro-cue included

respectively trials of 20%, 50% and 80% probability of a valid retro-cue.

Method

Participants.

Thirty-Six University of Cyprus undergraduates, different from Experiment 1, male and
female (age: 18-26), participated in Experiment 2 for course credit and had normal or
corrected-to-normal visual acuity. All subjects gave informed written consent for
participating in the experiment. They were equally and randomly assigned to three groups of

20 %, 50 % and 80 % of valid-cue.

Materials and Procedure.

Separate mixed-design Analyses of VVariance (ANOVAs) were performed on mean
reaction-time and percentage accuracy. Cue-validity was the within-subject variable, and the
valid-cue probability was the between-subjects variable. The cue-validity variable had three

levels that corresponded to the three conditions of Experiment 1, the valid, the invalid and the
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‘no’ condition. The cue-validity probability had three levels, the 20%, 50% and 80%

probability of valid retro-cue.

The materials used were the same as in Experiment 1. The procedure in each probability
group was also the same as in Experiment 1, but the display time of the array was increased
to 1000ms (from 130ms in Experiment 1), to allow selective attention to every object in the
array. This arrangement excluded the possibility that the orientation of attention to a
representation which is relevant to an observed object could only occur in perceptually
grouped representation. The ISI between the probe-object and the retro-cue was additionally
increased from 50ms to 250ms to restrict the possibility that the probe interacts with the
retro-cue in iconic memory. Participants were asked at the end of the experiment whether
they observed anything unusual during the task to investigate possible conscious access to the
reported visually recalled representation. The sequence of events of Experiment 2 is shown in

Figure 5.

Results

Reaction-time.

One extreme case was detected to violate the multivariate normality assumption and was
removed from the analysis. There was no statistically significant interaction between validity
and valid-cue probability on reaction time; F(4, 64) = .153, p = .961, partial #? = 0.009 and
there was no statistically significant probability main effect; F(2, 32) = .201, p = .819, partial
n?=.012. There was a main effect of cue-validity with a statistically significant difference in
mean reaction-time at the different validity conditions, F(4, 64) = 22.934, p < .001, partial #?
= .417. Reaction-times increased from the valid, 608.541 + 23.347 ms to the invalid, 629.51 +
24.131 ms to the ‘no’ condition, 689.341 + 29.295 ms. Results are displayed in Figure 6. Post

hoc analysis with a Bonferroni adjustment revealed that the reaction-time was not statistically
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significantly increased from the valid to the invalid condition. It was statistically significantly
increased from the valid to the ‘no’ condition by 80.808 + 12.301 ms, p <.001, and from the
invalid to the ‘no’ condition by 59.831 + 10.678 ms, p <.001. The main effect of reaction-
time repeats the results of Experiment 1, where the valid and the invalid condition have a
benefit compared to the ‘no’ condition. The results indicated that mean reaction time was the
same and the mean differences or benefits and costs were constant across the three

probability groups.

Accuracy.

There were two cases with extreme values that were removed from the analysis. Results
are displayed in Figure 7. The validity and valid-cue probability groups demonstrated a
statistically significant interaction, F(4, 62) = 14.036, p = .03, partial #°>=.156. The simple
main effects analysis demonstrated no significant percentage accuracy difference between
valid-cue probability groups in the valid condition and the invalid condition and a significant
a difference in the ‘no’ condition F(2,31) = 4.106, p = .026. Percentage accuracy in the valid
condition was significantly greater in the 20% group than the 50% group, (12.2 =4.305 %, p
=.024). Simple main effects analysis for validity within valid-cue probability groups
indicated a statistically significant effect of validity in the 20% group; F(2,18) =11.293,p =
.001, partial #? = .595, in the 50% group; F(2,22) = 7.899, p = .003, partial #°> = .418 and in
the 80% group; F(2,22) = 5.583, p = .011, partial #? = .337. For the 20% group, percentage
accuracy was statistically significantly different between the valid and the invalid condition
(11.2 + 1.849 %, p = .001), and between the valid and the ‘no’ condition (10.5 = 2.888 %, p =
.016). For the 50% group, percentage accuracy was statistically significantly different
between the valid and the invalid condition (10.5 £+ 3.401 %, p = .031), and between the

invalid and the ‘no’ condition (14.667 + 3.115 %, p = .002). There were no statistical
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significant differences between validity conditions in the 80 % valid-cue probability group

with the Bonferroni adjustment.

Discussion

The valid and the invalid condition in Experiment 2 demonstrated corresponding
reaction-time benefits in recall compared to the ‘no’ condition, as in Experiment 1. These
reaction-time benefits were invariant across the three retro-cue reliability groups. Thus, the
invariant reaction-time benefits in the three experimental groups are consistent with the

prediction of the current experiment.

While reaction-time results indicated the automatic orientation of attention to the
probe-matching representation, the percentage accuracy results were expected to show how
this effect was used in the task. First, the results in the 50% cue-reliability replicated the
results of Experiment 1: The invalid condition had a significant accuracy benefit over the ‘no’
condition, and the neutral condition had a significant cost over the other two conditions. The
accuracy benefit of the invalid condition compared to the ‘no’ condition was not present at
the 20% and 80% cue-reliability groups. Therefore, the accuracy benefit of the invalid
condition compared to the ‘no’ condition did not depend on the retro-cue reliability. This
accuracy benefit emerges as the ‘no’ condition accuracy shows a significant decrease in the
50% cue-reliability group compared to the other two groups. Since this decrease does not
depend on cue-reliability, it must rather be due to some other factor, probably due to the

difficulty of the task for the ‘no’ condition in the 50% cue-reliability group.

The costs of valid cues compared with the invalid ones which are observed in all cue-
reliability groups are in contrast to previous findings, where the valid cues always

demonstrate benefits compared to the invalid ones. Nevertheless, valid-cue costs should have
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varied with cue-reliability and the associated anticipation for an invalid cue (Gunseli et al.,
2015). Valid-cue accuracy costs did not differ in the three cue-reliability groups.
Equivalently, anticipation for an invalid cue did not influence the accuracy of retrieval in the
invalid condition. The findings suggest that retrieval from the visual areas by both the probe-
object and the retro-cue was not strategically adjusted by the retro-cue reliability when both
the automatic or the strategic orientation of attention occurred in the visual areas. Therefore,
the findings of Experiment 2 imply that both strategic and automatic orientation of attention

in the visual areas resulted in automatic retrieval of the attended representations.

Experiment 3

In Experiment 1 reaction-time benefits were observed in the valid and the invalid
condition compared to the ‘no’ condition. Such effects could only be produced if attention
was directed to the memory array as they were corresponding to effects of strategic
orientation of attention in visual areas. Additionally, the invalid condition percentage
accuracy compared to the ‘no’ condition, indicated that the orientation of attention in visual
areas facilitated recall. In Experiment 3 the condition regarding the perceptual contrasting of
the memory representations and the probe object was removed by increasing theirs between
similarity. It was anticipated that if this condition was necessary for automatic orientation of
attention in visual areas, then the additional reaction-time and accuracy benefits and costs
between the valid and the invalid condition compared to the ‘no’ condition should have

vanished.

The task in Experiment 3 was the same with the task of Experiment 1. The stimuli were
geometrical figures formed only by rectangles of similar size that there were attached to each
other without gaps. They are shown in Figure 8. In addition to the perceptually demanding

task, the cognitive effort was increased by rotating the probe object by ninety degrees

33



compared to a corresponding object in the visual array. Thus, in every trial, each participant
had to necessarily perform a mental rotation (Shepard & Metzler, 1971) before an object

comparison with the corresponding representation.

Method

Participants.

Fifteen undergraduates of the University of Cyprus, male and female (age: 18-26),
participated in Experiment 3 for course credit and had normal or corrected to normal visual
acuity. All subjects gave informed written consent for participating in the experiment. Two
participants’ data was removed from the analysis due to not having consistently performed

the task.

Materials.

The stimuli of Experiment 3 are shown in Figure 8. They were formed by combining
black squares and rectangles, which did not differ substantially in their dimensions. The
maximum dimension of an object did not exceed 0.93° of visual angle. All other materials

were the same as in Experiment 1.

Procedure.

Separate one-way Analyses of Variance (ANOVASs) were performed on mean reaction-
times and percentage accuracy. The within factor had three levels which were the three

conditions (valid vs. invalid vs. ‘no’).

The procedure was the same as in each particular group, of Experiment 2. The probe

object was also rotated by ninety degrees compared to a matching object in the memory
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array, and participants were informed about this arrangement. The sequence of events of

Experiment 3 is shown in Figure 9.

Results

Reaction-time.

A participant was removed from the analysis because his scores violated multilinear
normality. The validity conditions did not elicit statistically significant changes in response
time; F(2, 22) = .733, p = .49, partial #° = .044, with mean reaction-time increasing from
897.5 +£50.932 ms in the valid condition, to 902.2 + 42.502 ms in the invalid condition and to

921.917 + 51.237 ms in the ‘no’ condition.

Accuracy.

Two participants were removed from the analysis because their scores violated
multilinear normality. The three conditions did not elicit statistically significant differences in
mean percentage accuracy; F(1.265, 12.652) = 1.482, p = .254, partial #° = .129, which was
60.182 £ 3.130 % for the valid, 68.545 + 3.108 % for the invalid and 63.273 +4.309 % for

the ‘no’ condition.

A one-sample t-test was subsequently run on mean percentage accuracy in each
condition, to evaluate whether it was significantly different from chance-level 50 %-
accuracy. The valid-condition mean, 60.182 + 3.130 %, was significantly different from 50 %
accuracy; t(10) = 3.253, p =.009, d = .98. The invalid-condition mean, 68.545 + 3.108 %,
was significantly different from 50 % accuracy; t(12) =5.967, p <.001, d = 1.799. The ‘no’-
condition mean, 63.273 + 4.309 %, was also significantly different from 50 % accuracy; t(10)

=3.08, p = .012, d = .928.
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Discussion

In the current experiment, the reaction-time benefits in the valid and the invalid condition
compared to the ‘no’ condition vanished. The reaction-time and accuracy of recall benefits of
the invalid condition compared to the ‘no’ condition in Experiment 1 demonstrated the
orientation of attention to a representation relevant to an observed object. Thus, the absence
of those benefits in the current experiment shows that the orientation of attention to a
representation relevant to an object kept in working memory did not occur. However, the
strategic orientation of attention to a retro-cued representation did occur since the accuracy of
recall was above chance level. The accuracy would have been at the chance level if a
participant could not compare a retro-cued representation with the probe object. If AM was
strategic, the benefits and costs in the valid and the invalid condition compared to the’no’
condition would have persisted since the strategic orientation of attention to the array is
possible. Thus, the vanishing of these benefits and costs shows that the orientation of
attention to a visual representation relevant to an observed object was not strategic and

therefore was automatic.

The automatic orientation of attention to a visual representation relevant to an observed
object did not occur when one condition of automaticity was removed. Thus, the condition
regarding an easy perceptual and non-cognitively demanding task was necessary for

automaticity.
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General Discussion

The research question of the current study was: When there is a search goal in a memory
array and an object is kept in working memory, does the object automatically guide attention
to a relevant visual object-representation in the memory array? The automaticity of orienting

attention to a visual representation was assumed by three conditions of automaticity.

Experiment 1 investigated whether attention to a representation in the visual areas guided
by an object in working memory produces similar reaction-time benefits with retrospective
attention in the visual areas. It was assumed that those benefits would have been produced
automatically when the three conditions for automaticity were involved in the experiment.
The experiment produced reaction time benefits in the valid, and the invalid condition
compared to the ‘no’ condition and indicated that the attention to a representation relevant to
the observed object actually occurred. The invalid condition produced accuracy benefits that
demonstrated that attention to the relevant visual representation of the observed object
facilitated recall. The conditions of automaticity implied that the attention to the visual
representation relevant to the object in working memory was automatic. However, the
conclusion was not definite since there was no proof that the conditions for automaticity were

sufficient.

Experiment 2 aimed to verify the assumption in Experiment 1, that when the conditions
for automaticity for orienting attention in visual areas apply, then attention to a representation
relevant to an observed object is automatic. The assumption was confirmed by the validation
of the prediction that reaction-time benefits of recall should remain constant with a varied
probability of a valid retro-cue. Further, the accuracy of recall demonstrated that it was not
based on the anticipation of a valid retro-cue as the difference in accuracy between the

invalid and the ‘no’ condition remained constant with valid cue reliability. This fact indicated
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that the recall of the attended visual representation relevant to an observed object was
automatic. The automatic orientation of attention in visual areas revealed an automatic recall
mechanism which differs from the removal (Kuo et al., 2012; Souza et al., 2014) and the
prioritization (Myers et al., 2015; Rerko et al., 2013) mechanisms of strategic attention in

visual areas.

In Experiment 3 one of the conditions for automaticity was removed. The reaction-time
benefits of the recall were diminished. The similarity and relative orientation between the
object in working memory and the cued representation were increased. If attention to a
representation that is guided by a relevant object in working memory is strategic then the
reaction time benefits would be preserved. The accuracy benefits were diminished as well,
but accuracy in every condition was above chance level indicating that strategic attention by
the retro-cue occurred. Therefore, the removal of reaction-time benefits indicated that the
automatic orientation of attention to the representation relevant to observed object did not
occur. This fact implies that the reaction-time benefits in Experiments 1 & 2 were not due to

the strategic orientation of attention in visual areas.

The findings of the current study mark both similarities and significant differences from
other research findings on the attention in the visual representations. There is an agreement of
the of the findings of the current study, and previous related studies on reaction-time benefits
when attention is directed in visual areas and the similarity between objects and the cognitive
demand of the task is low. The reaction-time benefits vanish when the similarity between
objects and the cognitive demand of comparing objects and visual representations are high.
This fact suggests that reaction-time findings of previous related research (Griffin et al.,
2003) depend both on automatic and strategic employment of attention in visual areas. The
accuracy of recall from visual areas marks differences from previous research. Prioritization
of an attended representation (Myers et al., 2015; Rerko et al., 2013) and removal of
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unattended representations (Kuo et al., 2012; Souza et al., 2014) label the main recall
mechanisms when strategic attention is oriented in visual areas. The two mechanisms are
explained in the same framework as being emerged by the anticipation of a representation to
be attended and recalled. The findings of the current study indicated that recall of a visual
representation did not depend on the anticipation to be attended. Thus, they suggest that the

recall of a representation is automatic when it is automatically attended.

The current study contributes in complementing a pattern of interaction between working
memory and attention. Strategic orientation of attention to an object may occur when relevant
information is held in working memory. In the biased competition model of attention, a short-
term description related to the current goal called the attentional template, a function of
working memory, can be used to control competitive bias in the visual system. The
attentional template can be a spatial cue or a feature (Bundesen, 1990, Duncan & Humpbhreys,
1989). The automatic orientation of attention to an object which is relevant to a visual
representation in working memory is another implication of the biased competition model of
attention (Olivers, 2009; Soto et al., 2008). It is complementary to strategic attention and
assists search in the visual field when the contents of working memory are identical to the
search goal. Attention may be strategically oriented to a representation in a visual array by
spatial, object or feature cues (Griffin & Nobre, 2003). Attention to a memory template is
known to be oriented only strategically. The current study supplements this pattern by the
realized automatic orientation of attention to a representation in visual areas due to an object
in working memory. The strategic attention to a memory representation is facilitated by the
initial automatic orientation of attention to a visual representation that matches an object in
working memory. Thus, the new effect expands the behavioral consequences of the biased

competition model. An attentional template is used to control competition for attention in
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both the visual field and the visual areas. In both processes, strategic attention is facilitated by
an initial automatic orientation of attention guided by the attentional template.

From a practical point of view, the automatic orientation of attention in the visual areas
may contribute to the understanding of related cognitive mechanisms. There is considerable
research on the impact of attention in the visual areas on the retrieval of object
representations. It has been shown that proposed retrieval mechanisms are shaped by task-
related issues and consequent top-down control which are not intrinsic to the retrieval
mechanisms (Gunseli et al., 2015). Instead, these issues may be resolved if the automatic
orientation of attention is used in the tasks as it excludes the top-down contribution to
response. The current study, therefore, would contribute to future research on the

understanding of retrieval mechanisms from the visual areas.

AM could serve as a Tool for the Investigation of the Retro-cue Benefit Effect

A relevant subject of research, which can be profitably investigated by AM, is the retro-
cue benefit effect mechanism. The retro-cue mechanism underpins both the attended and non-
attended representations by a retro-cue in the visual areas. The status of non-attended
representations is vital in identifying the retro-cue mechanism because it shows the way an
attended representation prevails over non-attended ones. The retro-cue benefit effect has been
investigated by accuracy benefits with a resulting variety of mechanisms, which are shaped
by top-down modulation (Carlisle et al., 2012). The insufficiency of selective retrospective
attention methods, for the investigation of the retro-cue benefit mechanism, is substantiated
by the finding that non-attended representations are enhanced after being retro-cued (Kuo et
al., 2012). The finding indicates that the status of a non-attended representation is changed by

the action of a retro-cue and therefore its initial status is not known.
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The initial status of a non-attended representation in the retro-cue tasks may be
successfully disclosed by reaction-time benefits or costs produced by AM. Reaction-time
benefits by AM have been exhibited in the current study to be utterly automatic. For research
studies, which investigate the retro-cue mechanism and rely on accuracy response to examine
the course of non-attended representations, top-down modulation of response is inevitable.
Nevertheless, to reveal the initial status of a non-attended representation in a retro-cue task,
the representation should necessarily not be perturbed by top-down modulation. AM provides
for this matter an automatic mechanism which may detect the presence or the absence of a
non-attended representation in a retro-cue task, without top down-influence. Corresponding

prioritization or removal mechanisms in visual areas recall may then be established.

AM could Resolve Questions in the Investigation of the Visual Areas Capacity Limit

The current study has shown that AM is an automatic filtering mechanism in the visual
areas representations. Experiments 1, 2 & 3 were performed with arrays of four objects,
which is the limiting capacity of working memory (Luck et al., 1997, 2013). Can then AM,
occur in a memory template that exceeds the working memory capacity limit, which is
formed by a simultaneous broad focus of attention to four objects (Cowan, 2001; Oberauer et
al., 2012)? Accordingly, the ecological validity of AM would prove to be more important
when comparing different scenes; if more than four objects could be held in the visual areas
and one can automatically access one of them by AM, his processing capabilities could have

dramatically increased.

Investigations on the capacity limit of working memory are based on tasks which
exclusively involve strategic access and manipulation of several representations (Luck et al.,
1997, 2013) a fact that presumes that both the PFC and visual areas such as V4, TEO, and TE

cooperate for this processing. However, other studies that use a retro-cue to access
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consolidated visual areas representations find a higher capacity limit (Sligte et al., 2008; van
Moorselaar et al., 2015). These studies seem to dissociate PFC manipulation and visual areas
storage during the consolidation of representations of attended objects. The higher capacity
limit then is preferably a capacity limit of the visual areas’ short-term memory. PFC is later
employed for processing the consolidated visual areas representations using internal

attention.

Research employing retrospective attention has nevertheless given controversial results
for a higher capacity limit of visual areas (Matsukura & Hollingworth, 2011). Matsukura and
Hollingworth. questioned a proposed fragile memory store (Sligte et al., 2008), which occurs
before working memory and has a higher capacity limit, on the basis that the stimuli used
could form groups that their number does not exceed four. Despite criticism, subsequent
research on the capacity limit of a proposed fragile memory store used the same stimuli (van
Moorselaar et al., 2015), which are small rectangles displayed with a different orientation.
The fragile memory store shares feature with visual areas (Pinto, Sligte, Shapiro, & Lamme,
2013) such that it is an object- and location-based with its representations subjected to
interference. In addition to the fact that the fragile memory store is doubtable regarding its
higher capacity, it has not been given a functional role in the manipulation of visual

representations.

A higher capacity visual areas store could be shown by AM-an automatic filtering
mechanism in visual areas-to hold an increased processing capacity of the mind. A task
similar to the one employed in Experiment 1, but with an array of more than four objects,
could show, regarding reaction-time benefits or percentage accuracy response, whether the
visual areas maintain the properties of the fragile memory store, especially the higher
capacity limit. Two issues of using AM, as in the task of Experiment 1, to investigate a higher
capacity limit of visual areas, provide an advantage to previous methods. First, the objects
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used in the task are discriminable and unfamiliar, and their complexity prevents the Gestalt
emergence of new shapes from their combination when they are adjacently displayed (Fiser
et al., 2001). Secondly, reaction-time benefits rely on the automatic guidance of attention in
visual areas and are independent of accuracy response. In effect, the validation of a higher
capacity limit for visual areas would be enabled even if representations cannot be accessed

strategically.

AM is Distinct from Attention in Iconic Memory

A marked difference between the current study and the research literature is the
interpretation of the consequences of the short 200ms ISI between the probe object and the
memory array. In the research literature, access to the visual areas representations is assumed
to occur at an ISI of about 1000ms between the memory array and the probe stimulus or the
retro-cue. A shorter ISIs of the order of 200 ms is considered to offer access to iconic
memory. (Astle et al., 2012; Makovski et al., 2008; Rerko et al., 2013; Shimi et al., 2017;
Souza et al., 2014). In the current study, the 200 ms ISI between the memory array and the
probe stimulus was set to have an optimum effect of AM in the visual areas representations.
This arrangement was based on two facts; first, iconic memory ceases to exist at 200 ms
(Jiang & et al., 2004; Phillips, 1974) and secondly, rapid forgetting in visual areas is
prevented (Pertzov et al., 2013). Visual areas representations may be argued to be accessible
even for corresponding ISIs shorter than 200 ms since a visual areas representation of an
object is consolidated 50 ms after the object is being attended (Vogel, Woodman, & Luck,

2006).

It can further be argued that a visual areas representation is accessible after the 50 ms
consolidation time, while it still coexists with the iconic representation of the same item since

the two memory stores fulfill different functions. That is, the duration of an iconic
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representation is not necessarily a prerequisite to the emergence of a visual areas
representation. Iconic memory is retained to preserve the smoothness in observing the visual
field during eye blinking or during observation of changing scenes. The new icon does not
erase the previous information on the primary cortex (Nikoli¢, Hausler, Singer, & Maass,
2009). The visual areas representations, on the other hand, are formed in visual areas of V4,
TEO, and TE, which regard the perceptual analysis of a visual object. Representations in
higher visual areas, in contrast to iconic memory representations, are erased when new
information loads the supporting visual areas (Pinto, Sligte, Shapiro & Lamme, 2013; Souza

etal., 2014).

Representations which are reached by using a centrally displayed retro-cue or probe
objects should be visual areas representations, rather than the iconic ones as the number of
remembered objects is small-not exceeding eight objects- despite that the relevant ISl is
below 200 ms (Astle et al., 2012; Shimi et al., 2017). Instead, iconic memory has unlimited
capacity in the case that the task requires contrasting of successive icons (Phillips, 1974). The
argument regarding the distinction between iconic memory and visual areas representations
presumably resides more on the means by which the visual representations are being accessed
in each memory store than on the ISI between the memory array and the probe object or the
retro-cue. Hence, the results of the current study regard attended visual areas representations
and not iconic ones, since either a centrally displayed probe object or a retro-cue were

employed to direct attention to these representations.

AM could Serve as a Supplementary Tool to fMRI and SCR

AM can be used as a tool to investigate complex processes of the human mind, which are
not attainable by current methods of SCR and fMRI. The current study has shown, through

demanding perceptual and cognitive tasks, that a visual representation can be accessed by
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attention automatically. The effect was demonstrated by a temporal resolution, between
experimental conditions, of the order of tens of milliseconds. These results are not attainable
by anyone of the three current experimental methods: SCR (Chelazzi, Duncan, Miller, &
Desimone, 1998; Chelazzi et al., 1993; Reynolds et al., 1999), univariate fMRI (Kastner et
al., 1998; Kastner, Pinsk, De Weerd, Desimone, & Ungerleider, 1999) and multi-voxel fMRI
data analysis (Reddy et al., 2009). Each method is characterized by individual capabilities
and constraints, which advance and limit access respectively to visual processing areas of the

brain.

SCR is accurate both spatially and temporally. Dimensions of a single neuron determine
spatial accuracy and the averaging of neuron responses in binwidths of 10-50 ms specify
temporal accuracy (Chelazzi et al., 1998). Even with this temporal and spatial specificity,
SCR cannot be applied to human subjects a fact that limits their search capability to simple

visual processes that can be performed by primates.

The fMRI methods for biased competition tasks determine responses within the order of
seconds (Kastner et al., 1998, 1999) and spatial specificity within the volume of a voxel,
which is of the order of 1mm?3. Although fMRI methods customarily apply to human
subjects, they cannot show a sequence of events in the brain separated by intervals of the
order of milliseconds, which is essential when identifying close relations between causes and

effects in the responses.

AM has instead produced sequent behavioral results which are separated by tens of
milliseconds. Reaction-times of this order, which are not influenced by top-down modulation,
can reveal the actual status of a visual representation after a specific process in visual areas,

which can be performed only by the complex human response. AM can, therefore, be used as
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a tool to directly investigate complex processes in visual areas of the human mind and their

interaction with PFC control.

Conclusions

The current study has established that for a search in the visual areas, the orientation of
attention to a representation is automatically guided by the matching contents of working
memory. The effect produced reaction-time patterns which were compatible with
corresponding patterns generated by the retrospective attention in the visual areas. The
accuracy results, which have been exhibited to be influenced by automatic causes, are
nevertheless incompatible with corresponding effects of the prioritization and removal
mechanisms of retrospective attention. This finding makes AM, distinct from selective
retrospective attention. The guided attention to the visual areas by the contents of working
memory has an ecological validity of facilitating search in the visual areas, in analogy to
search facilitation in the visual field by attentional capture from visual objects, and therefore
constitutes an automatic filtering mechanism in the contents of the visual areas. Furthermore,
the unmodulated by top-down control access to visual areas by the effect provides excellent
opportunities to investigate complex processes in human visual areas and their interaction
with top-down control, which are not attainable by current behavioral and neuroscientific

methods.
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Figure 1. The sequence of events in Experiment 1. Three sample cases are shown
corresponding to the three cue-validity conditions of the experiment.
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Figure 2. The stimuli used in Experiment 1 were similar to
the figures used in Fiser et al., (2001).
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Experiment 1: Mean Reaction-Time
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Figure 3. The mean reaction-time response of the three conditions of Experiment 1. The
error bars represent 95% within-subjects confidence intervals.
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Experiment 1: Percentage Accuracy
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Figure 4. The percentage accuracy response of the three conditions of Experiment 1.

The error bars represent 95% within-subjects confidence intervals.
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Experiment 1: SATO in the Valid Condition
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Figure 5. The accuracy response correlation to reaction-time.
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Figure 6. The sequence of events in Experiment 2. A trial in the invalid condition is displayed.
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Figure 7. The mean reaction-time response of the three conditions in the three valid-cue
probability groups in Experiment 2. The error bars represent 95% within-subjects
confidence intervals.
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Experiment 2: Percentage Accuracy
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Figure 8. The accuracy response of the three conditions in the three valid-cue

probability groups in Experiment 2. The error bars represent 95% within-subjects
confidence intervals.
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Figure 10. The sequence of events in Experiment 3. A trial in the valid condition is displayed.
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