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Abstract

The attentional blink (AB) refers to the impairmeint
consciously perceiving the second of two targees@mted in
close temporal proximity (200 — 500ms) in a rapétia
visual presentation paradigm. The present paperais
preliminary report describing a conceptual and ipliyt
computational model of the AB based on the LIDAdtreng
Intelligent Distribution Agent) cognitive architece. The
model aims to provide a biologically plausible exption of
the AB, explaining a wide range of AB-related phmeoa,

among other mental phenomena accounted for by LIDA.

Computational results in a basic visual AB paradigne
presented and compared to human data.

The Attentional Blink

When subjects are asked to identify two targetarseed
by a short time (200-500ms) in a stream of distnactan
Attentional Blink (AB) occurs - subjects often fai report
the second target (see Fig 1). In this paper wkfadlis on
the AB in rapid serial visual presentations (RSMH)
pictures (however, the AB has been shown to occtasa a
wide range of stimuli types and modalities — seartbhs &
Wyble 2010)).

\/I()T'ms

Ams
A)i]]s

Fig 1. The visual attentional blink paradigm (frdPotter et
al. 2010). Subjects who have to identify targeta istream
of images often fail to report the second targe)(T¥ it is
presented shortly after the first target (T1).

Brain related evidence has shown that during AB
task, both targets are processed at leastepmally,
regardless of conscious reportability - at tedse first
150ms of neural activity exhibits a normal pattévtartens
& Wyble 2010). An fMRI study conducted by (M@t

dinner food

al. 2004) showed parahippocampal place area actnsat
(associated with high-level scene representatiengn in
non-conscious T2 targets. However, EEG studiese hav
revealed the electrophysiological activity that retates
with the AB — the N2pc ERRcomponent, occurring about
200ms poststimulus and associated with thecation
of attention to targets - is suppressed attgemporal
distances between T2 and T1. Also, in trials whége
cannot be perceived because it is presented sladtdly T1,
the P3 component - associated with working memory
consolidation - is not elicited (Martens & Wyble 17,
(Dux & Marois 2009). The above evidence implidet
the AB has to occur at a later stage obcessing
(later than perceptual recognition, and after 150m

Apart from this finding, a number of attentionalinid
related phenomena have been found, some of whieh ha
proven hard to explain — no complete, formal actéomall
of these has been found yet (Dux & Marois 2009).
Elaborating on all the AB-related effects that haeen
identified would exceed the scope of this papere(Se
Martens & Wyble 2010 and Dux & Marois 2009 for more
phenomena). The following phenomena have been phose
to highlight the ABs main properties, and to shbattwhile
only a simulation of the basic AB paradigm is preed in
this preliminary paper, our LIDA-based model canvile
much wider explanations. Future work will be regdirto
computationally simulate and verify them.
1) Lag-1 sparing. Paradoxically, T2 can be reported with
high accuracy if presented shortly after T1 (ab®0®ms
after T1; “lag n” describes the temporal distanetween
the targets) (Martens & Wyble 2010).
2) Spread lag-1 sparing. Multiple targets can be reported
as long as they are presented in immediate suocessit
has been observed that target reports were acawatefor
four successive targets (Olivers et al. 2007).
3) Posttarget intrusion. Varying the experimental
conditions revealed that the AB only occurs if TR i
backward masked (Giesbrecht & Di Lollo 1998). Ofttnis
mask or distractor succeeding T2 can be reported &2
cannot, implying that the distractor somehow irgeg§ with
the reporting of the target (Chun 1997).
4) Whole report attenuates the AB. The accuracy of
reporting stimuli is high when subjects are askedefport
all stimuli (whole report). However, a significaatcuracy

! Event-Related Potential, brain activity directsulting from
and time locked to a stimulus
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drop at lags 2 4 (an AB) can be observed for the se
stimuli sequence if subjects are required to repaly two
targets in the sequen(®otter et al. 200:.

5) Increasing T2 salience/arousal attenuates the AB. If
the sdience of the second target is increased, it cal
reported more accurately, although/® effect can still be
observed (Martens & Wyble 201@motional arousal (bt
not valence) also alleviates the ABnderson 200:.

6) Task-irrelevant cognitive load attenuates the AB. If
the stimuli are presented together with a backgidieid of
moving or flickering dots, much smaller drops irca@cy
are observed at AB-relevant laflrend et al. 200¢. The
AB is also attenuated if subjects are asked terligb tas-
irrelevant music or think about their holic (Olivers &
Nieuwenhuis 2005).

7) Target Confusion. Theorder targets were presented il
often confused for temporally adjacent targets. @lering
lag-1 or spread lag-1 sparin@ux & Marois 2009, (Chun
1997).

8) AB without T1 masking. Although T2 misking is
necessary to obtain an attentional blink, recamties founc
that there is an (attenuated) blink even if T1 msnaskec
(i.e. if there is no distractor between T1 and
(Nieuwenstein et al. 2009).

As will be described below, the LIDA model’s attemt
mechanism is capable of explaining these phenoneerd
is detailed enough to make a computational impleatiem
reproducing an actual AB experiment feas

Attention in theBrain

The following brain areas play a role in t-down
attentional control. The visually selective regioof the
posterior parietal cortex the intraparietal sulci in humans
and lateral intraparietal area in prima-, which contain
coarse representations of spatial topography, aadaksc
involved in controlling eye movements (saccadesy
directing them towards targets. In this area, neait
activity correlatd with the voluntary allocation of attenti
can be observed, and leads to greater target si&
selectivity based on spatial location and/or sak
(Knudsen 2007)Serences & Yantis 20C. The frontal eye
fields (FEF) in the pre-frontal cortexe involved in saccade
control as well, but havalso been shown tplay a role in
representing thecurrent locus of attentic (Serences &
Yantis 2006) — FEReurons can be covertly selective
targets, without shifting gaz@hompson et al. 200. Also,
when a particular stimulus is attended to and donosg
neurons representing the target in sensory anedbeiPPC
ard in the PFC exhibit synchronized discharges in
gamma band (Knudsen 200{poesburg et al. 200.

The superior colliculus (SC), like FEF, mediateght
overt saccades and covert shifts of dion (Serences &
Yantis 2006). ©rollary discharges associated with 1
saccades occur in the 2@d propagate to the FEF, via -
mediodorsal thalamic nucleus, and shift the locetiof
visual receptive fields in HEbefore each sacce (Knudsen
2007).

Recently, the locus coeruleus (L—- norepinephrine (NE)
— system has been shown to influence-down attentional
selection(Nieuwenhuis et al. 200(Sara 2009), (Warren et
al. 2009) LC neurons exhibit increased activity during
processing of motivationally salient targets, legdio the
release of NE in widespread cortical projectionaar
among others in the forebrain. This increased N&sqmce
increases the responsibility target neurons, enhancing
signal detection and stabilizing a neural represeort
againstoise or interferencThus, LC activity can facilitate
the processing of a target stimul(Nieuwenhuis et al.
2005), (Warren et al. 2009Astor-Jones & Cohen 2005).

Shortly after target processing, there is an irsges LC
neuronal activity (Fig &). The LC is autoinhibitory—
increased activitguring target processing is followed b
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Fig 2. Perievent time histograms (PETHs) for a typi
individual monkey LC neurtin response to various events
during performance of the signal detection te
accumulated over 100 swps of activity. Note the increas

activity during target processing (panel Adapted from
(Astondones & Cohen 200.

period of reduced activity and thus reduced NE asd¢
Non-targetstimuli do not elicit significant changes in 1
activity (Fig 2B. Interestingly, toni (regular spiking) LC
activity levels were significantly higher when tlamimal
was less focused on the tafig 2C), but there was also a
much smaller targdtcked plasic response in this case.
Behaviorally, these elevated LC activity levels énded to
more frequent false alarm err((Aston-Jones et al. 1999).

These properties of the FNE system play a key role in
LIDA’s attentional blink model

A LIDA-based Attentional Blink M odel

The LIDA cognitive architecture is based prevalent
neuroscience and cognitive science theories (G
Workspace Theory, situated cognition, perceptuahbsyt
systems, working memory, memory affordances,
transient episodic memorgic - (Baars & Franklin 2009)).
It has been implemented computationally, and hamn
shown to peorm simple psychological tasks wi
mechanisms similar tbhumans(Madl et al. 2011). LIDA’s
cognitive cyclehas the purpose of selecting an approp
action based on the perceived current situ, and has the
following componentgMadl et al. 2011
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1) Perception Sensory stimuli are received and stored in a The first factor a) corresponds to bottom-up sakeimn
sensory buffer in the Sensory Memory. Percepts,tiemsy  the brain, as described above. The second, bhabe level
and concepts are represented by nodes in the Raatep activation, depends on how useful the AC has beethé
Associative Memory (PAM). These are based on pesegép past and facilitates attentional learning.

symbols (Barsalou 1999); their activations reflect The third factor, c), is the modulatory activatiofthe
recognition confidence as well as bottom-up sakenc ACM. It has been proposed many times in attention
2) Percept to preconscious buffdRecognized percepts are literature that human attentional processing isitéch for
stored in the preconscious buffers of LIDA's loegat  targets presented in short succession - observabieng
working memory (Workspace). others, in an AB paradigm -, presumably because of
3) Local associationsLocal associations are automatically suppression of attentional enhancement of subséquen
retrieved from the Transient Episodic and Declaeati stimuli during the processing of a target (Nieuwsstet al.
Memory using the Workspace contents. 2005), (Wyble et al. 2009), (Olivers & Meeter 2008he

4) Competition for consciousnesattention codelefs(AC)  modulatory activation reflects this mechanism, srglilates

in the Attention Codelet Module (ACM) view long-ter attentional enhancement of stimuli by increasing or
working memory, and compete to bring novel, relévan decreasing the activation of coalitions in the @lob
important, urgent, or insistent events to consciess. Workspace. The most probable neural counterpathisf

5) Conscious broadcasA coalition of codelets, typically an regulatory activity is the LC, which can enhancegéa
AC and its content of PAM nodes, gains access & thprocessing through the release of NE in the foiab{laC
Global Workspace (GW) and has its content broadcastctivity was proposed to play a role in the atmmail blink
consciously. by (Nieuwenhuis et al. 2005)). Similarly to LC nenr
6) Recruitment of resourcefRelevant behavioral schemes activity, the ACM activation at first increases wpo
in Procedural Memory respond to the conscious lastd processing a relevant or important target, followsd a

7) Activation of schemes in the Procedural Memory.period of low activation which is similar to the gitarget
Schemes are instantiated in the Action Selectiomlul®  refractory-like autoinhibition exhibited by the LFig 3
and receive activation, based on the consciousntst bottom). The ACM activation is governed by a fuaonti

8) Action chosenThe Action Selection module chooses aderived from interpolating LC PETH data (Aston-Jerg
single scheme from the newly instantiated schemmebs a Cohen 2005)

remaining previously active schemes. The fourth parameter d) influencing coalition aatien is
9) Action taken The execution of the action of a schemea matching factor that is based on how well theggrin a
results in external or internal consequences, tr.bo coalition matches the pattern sought by the AC theates

The major components implementing top-down attentio the coalition. This accounts for the finding that Some
in the LIDA model are the GW module and the ACM. cases, nontargets are attended to and reporteihef the
Feature detectors (corresponding to feature-seesiti targets if they are similar or share a common safieature
neurons in the visual cortices) pass activationtieir  (Martens & Wyble 2010), (Lavie & Cox 1997), (Bich&t
corresponding PAM nodes, which represent objects (oSchall 1999) although with less probability and sles
categories, concepts, ...) and could correspond timonel  selective neuronal activation (Duncan et al. 1997).
ensembles in the inferior temporal cortex, whichntam LIDA’'s attentional mechanism can provide a
object category information (Liu et al. 2009). Tiesulting  computational explanation for the attentional bliakd
activation of PAM nodes will depend on the numbér o related findings. Two major reasons are proposettount
relevant features, as well as the salience of tfemeres. for the performance drop at intervals of 200ms -Or§€

The ACM contains ACs, which create coalitions frombetween the two targets (see Fig 3A bottom): a) the
important or relevant percepts in the Workspacee Thposttarget refractory-like period of the ACM actiea,
coalition with the highest activation will be braadt which leads to reduced target activations afterOn2§) and
consciously. Coalition activation depends on fagatérs: a) b) the discrete, competitive conscious broadcasharsm
the activations of the percepts it contains, b)libee level (Baars & Franklin 2009).
activation of the AC, c¢) the modulatory activatioh the For the current description, an RSVP attentionahkbl
ACM and d) a matching factor on how well the petcep paradigm with images is assumed (see Fig 1). $tiane
matches the pattern that the Codelet is lookingf@mutThe  presented to the LIDA agent at a rate of one imaggry
computational implementation of the LIDA AB Agerls@a 107ms. The agent’s task is to report target imagesining
contains a fifth factor, e) stochastic noise, whiglhdded to to a specific target (in this case, vehicles), Whiteans that
account for extraneous, uncorrelated afferent #gtiv there are at least two ACs, looking out for tardetshicles)
(Knudsen 2007), (Nieuwenhuis et al. 2005). and distractors, respectively. This is also theagigm used

for the implementation of the LIDA Attentional Bkragent.

2 The term codelet refers generally to any smakbgcip purpose If O”,'Y a single target is presgnted, that targaidded.tlo a
processor or running piece of computer code. Torcept is  coalition by the Target Attention Codelet (TAC),Iiin
essentially the same as Baars' (1988) processordlimsky's the competition for consciousness since there tisimg that
(1988) agents. The term was borrowed from (Hofstadk  could compete with it, and can be consciously regabr
Mitchell 1994).
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A) distractors wins the competition for consciousniessead

- g | ?’ FI [} of T2 (see Fig 3 and 4). The reason for the lowvation of

the target coalition is the low ACM activation &tst point

T1 D1 T2 D2 D3 e . i X

|‘ﬁ. A | 2 A A in time (due to the refractory-like period, see Bigottom).
) | : e D2 is added to the distractor coalition by the DAGd the

Attenti 0] 107 214 321 428 ms . L . L
Codetet 1 & coalition activation is updated. The distractor litima is
Attention o ‘ also modulated with a lower ACM activation, butlvidme
Codelet2 ™ | out with a higher activation because a) dependinghe
R : ) @ @ timing of the presentation, the A(;M activation ntighe
::g'r’:s'pace e e | oo coiona higher at the point the distractor is perceivedntlaa the

N L e point when the target is perceived, and b) since th

distractor coalition was created upon perceiving, Bi

) which point the coalition activation was higherd( Fig 3,
g?g:g'c"aﬁ h due to the high ACM activation at that point).
- At lag 4, the ACM activation has regenerated taritsal

Target T1 reported  Distractors reported level of activation, and T2 can be reported withigh level
i of accuracy again (the T2 accuracy at lag 4 apprately
equals T2 accuracy at lag 1 in this paradigm, sd¢ePet al.

AttentionCodelet T
Module Activation 2010).
Results
| | o o
j j
0 0.1 0.2

I - LIDA’s attentional mechanism conceptually accouiiots

I
0. 0.3 0.4 sec all of the AB-related phenomena described above:

B) A 1-2) Lag-1 andspread lag-1 sparing. See above.
LC Activity 3) Posttarget intrusion. During the blink, the distractor

counts/bin succeeding T2 often can be consciously reported #VE2
204

itself cannot (see Fig 3).

4) Whole report attenuates the AB. In case of an
instruction to report the entire RSVP sequenceiffardnt
Tonset 01 23.4.5.. sec Attentional Codelet would be required, which wouhdve

Fig 3. A) The attentional blink at lag 2. Tn and Befer to every presented image into the Global Workspaceimatod

targets and distractors, respectively. The vertidalck lines the same coalition — every image WOUId be a tarfets,
intersecting with the timeline on top represent thefor short RSVP sequences, every Image could perlmpo
approximate borders of LIDA cognitive cycles. AGL i anql no AB could be observed (if Ehe sequepce |sI(1_ng,
looking out for targets, and AC2 for distractorsjding gctlvatlon deca_y could I_ea_d to forgettmg_ of theest
them to Coalitions in the Global Workspace. Thelitioas images. There is also a limit on how much informatihe
have to compete for consciousness, and the one thdgth W_orkspace and the GIobaI_Wprkspace can hold, aginou
highest activation is broadcast consciously. Thasom the this limit has not been quantitatively determined)y

agent fails to report T2 is that in the second dtiga cycle, |5) Increzsgg bet 9I|ence/<|a}rousall a’ger;uate;" thg A.B'
Coalition 2 (containing the distractors) wins the ncrease ottom-up salience leads to a higtteration

competition for consciousness. B) LC activity - PEIf a of tlf.‘t? PAI\I/Lhnodeh.rtewpresertlltm% T2 aﬂ.d hth_us to %Btearge
monkey LC neuron during target processing. coaiition with ‘a higner activation, which increas

: . probability that T2 wins the competition for cormasness.

If two targets are presented in an RSVP of imagé®gal, | the case of emotional content with high arousal
without a distractor, both targets are perceivedhin first (Anderson 2005), a PAM node representing this enoti
200ms — before the refractory-like period of theM\& and (with an activation value corresponding to the aes)
they are both added to a target coalition by anlédking \y4yid be included in the coalition along with therget
out for targgts. This TAC has higher base leveivatibn representation (Franklin et al., in press), indregsits
than the Distractor Attention Codelet (DAC). Thuset ctivation and the probability of its consciousdzioast.
targets will win the conscious broadcast and careperted 6) Task-irrelevant cognitive load attenuates the AB.
consciously. Possible subsequent targets are al$edalo gy pject less focused on a task exhibit higher fwéltonic
the target coalition by the same AC, which adjutts | c activity (see lowest panel of Fig 2), which cexplain
coalition activation based on the factors describbdve g phenomenon. In experimental conditions in \whic
and on the previous poalition activation — thiscacts for moving dots are presented around the target, and in
the spread lag-1 sparing effect. _ conditions where the subject is instructed to thatout

At lags 2 and 3, the second target sometimes cam®ot something else, subjects are less focused on theasiB—
reported consciously because a coaliion containingherefore  their  AttentionCodelet Module  Activation
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(modeling LC activity) is higher before a targetdahere is
a much smaller pogarget activation drop, which makes
possible to almost always report T2 accurat— in

accordance with behavioral AB experimentth distracted
subjects (Olivers & Nieuwenhuis 200%/rend et al. 2006),
(Nieuwenhuis et al. 2005).

7) Target Confusion. Targets presented tempora
adjacently in the same cognitive cycle (e.g. duriac-1

sparing) land in the same coalition. Since coalgialo no
contain ordering information, the temporal ordetu two
targets is unknown to the agent. This couldount for the
target confusion effect. However, no exact compatal

mechanism has been implemented yet for reproduuning
human subjects “guess” (efi incorrectly, seeDux &

Marois 2009, Chun 1997) the firstrget in such a ca:

8) AB without T1 masking. There is an AB effect witho

the T1 mask, sincéhe AB in this model is due to a) t

refractory-like period of the ACMand b) intrusion of th

post-T2 distractor, and doesndepend on the p¢T1

distractor.

The above explanations show that our model of tBas
capable of explaining more than just the basic ABadign
simulated in this preliminary rep. To the authors’
knowledge, no model provides detailed explanatitors
every AB effect described abov®ur LIDA based mode
could be able to do so, providddrther computatione
simulations that can verify these resuétad is more general
than most AB modelsince it grows out of eaniversal
model of cognition instead of being specific to g like
most AB modelséxcept for the Threaded Cognition mg,
which is based on ACT-RDf the models published in tl
last five years, the followindhave the most explanato
power (Dux & Marois 2009): eSTS{Bowman & Wyble
2007), Attention Cascade (Shih 2008hreaded Cognitio
(Taatgen et al. 2009)and Boost and Bounc(Olivers &
Meeter 2008). Table ¢hows a comparison of these moc
and the proposed LIDAased modelThey are similar to
our model in that they also rely on uppressed/delayed
attentional enhancement of ;Tthe major differencs, apart
from the LIDA architectures generality and plaibility
(Baars & Franklin 2009), arhe following First, apart from
a depleted attentional resource (ACM actival, which our
model shares with these models (except for the atted
Cognition model, which instead afdepleted resource reli
on an unnecessary consolidation protection there is
also competition with the po3t2 distracto in the Global
Workspace. Second, the postulatie€oreticalreason for T2
not being reported in some short lag trials is the T2
percept does not win the competition for conscieasni.e
the gammaoherent neuronal ensembles representing 1
not become part of the Ilargeale thet-gamma
synchronized network representing conscious Ccog,
which is consistent with theecently implicated importanc
of oscillatory activity in the AB(Janson & Kranczioc
2011). This thet@amma oscillatory synchrony is propo:
to be the neuronal basis of functional consciousnasd o'
the gldoal broadcast in the LIDA mod(Madl et al. 2011).

LIDA [ eSTST Attention | Threaded | Boost and
Cascade | cognition | Bounce
| AB-related phenomenon Bowman & | Shih 2008 | Taatgen et | Clivers &
Wyble 2007 al. 2009 Meeter 2008
Lag-1 sparing and v v v v v
spread lag-1 sparing
Posttarget intrusion v v v v
Whole report attenuates v x v x
the AB
Increased T2 salience
attenuates the AB v v v v v
Increased T2 arousal v x x x «
attenuates the AB
Task-irrelevant cognitive
v

load attenuates the AB v * * *
Target confusion v v v v v
AB without T1 masking v v v v x

Table 1. A comparison dhe LIDA-based AB model, and
other models, conceptualbccounting for AB phenome.

*. The original ACTR based implementation does
account for arget confusior but the authors did include a
simulation of target confusion using a custom Misnadule

The model has been implemented computationall
reproduce an experiment similar (Potter et al. 2010) (Fig
1) to show that it can model human behavior. Every 10
an image is presented to the agent, and it hasptortrtwo
targets (images of vehicles) in a stream of distragfaces
for easy discrimination; see Fig 3A top. The imagese
taken from the Caltechmage database. The second ta
succeeds the first either immediately after 107lag {), or
after a distractor (213ms, lag 2), or after 3 distors
(427ms, lag 4). Human reporting accuracies in sushtting
are displayed in Fig @Potter et al. 2011,

The LIDA Attentional Blink Agent is based on theDA
computational framework(Snaider et al. 2011). Its
environment consists of the screen displaying thages
and of three buttons for each possible responest téirget
second target, distractor). Images are recognizadgua
number of featre detectors looking out for scale ¢
rotation invariant features. These implemented ufe:
detectors are based on Speeded Up Robust Fe(Bay et
al. 2008).The task instructions were |-defined in the form
of a TAC and [AC bringing relevant images
consciousness, and schemes in the Procedural Meioio
reporting targets by pressing buttoFig 4 shows the LIDA
AB Agent’s performance in this tascompared to human
data.These result were obtained using the same freork,
and the same parameters, as previous LIDA a(Madl et
al. 2011) except for the addition of the ACM activi

modeling LC activation.
1.00
90 .80

.80 Lo Qeeessasansace i .80 ' 77777777777777777777777 _,-"
7 7 I;:‘ ._,/‘J
D 0 B 60 N /
o o
= 50 = .50 w
=] [+]

y -k -T1 y --=-T1
Q o =i (S =
o 0 i I o 3o 1 -~

107 213 427 ms 107 213 427 ms

Human Performance Agent Performance
Fig 4. Comparison of human and the LIDA AB Age
performance in a visual AB ta. Left panel adapted from
(Potter et al. 2010).
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